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PREFACE
 

This document is one of several instruction manuals that are prepared for use by officials and specialists
engaged in planning and implementing censuses and surveys in their countries. The document sets forth 
guidelines and illustratie procedures for a mapping program. It isexpected that countries will be able to 
adapt the materials to their partic ular needs and resources. 

Chapter I and 2 are directed to administrators and supervisors of mapping programs in their countries. 
Chapters 3 mnd 4 discus, elenrrits oI interpretation and use of maps and aerial photographs. Chapters 5 to 9 
cover the operati, md steps in preparing maps--from making a map inventory and acquiring adequate m1aps 
to piepariig mlps and graphs for p,,1,icat ion. Chapters I0 and II are concerned with technical aspects of 
the dralt ing aid ICeproduction ol ,,aps. Chapters 12 to 14, as their titles suggest, discuss handling of 
problem areda, mapping fr sainple surve,,,, and new developments, such as satellite imagery and automated 
cartogralphV. Chidp.I 15 conc1l des wiIh a discussion of statistical areas. 

The dtcunient is diided into chapters, consisting of text arid figures. Each figure is identified by the 
chapter niiumber and a letter suffix. Exhibits are identified by chapter number and sequence number within 
tile chapter. 
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Chapter 1. NEED FOR MAPS
 

1. INTRODUCTION 


Maps are needed during all stages of a 

census or survey. 
They are needed in planning, 

in da.a collection, and in presentation and 

anal sis of the results. Since mapping pro-

grams involve inputs of labor, time, and 

money, the question may arise as 
to the im-

portance of maps in a census or survey under-

taking. 
 The answer is a simple one. The 


objective of a census or survey is 
to produce 

data that are accurate, timely, and useful. 


Maps are tools which help make this three
fold objective attainable. 


The need for adequate aaps to carry out
 

a census or survey is summarized below; the
points are elaborated later in the chapter. 


Sp e c i fi c a l ly , go o d maps ar e re q u ired in the 

various stages of 
a census for the following
reasons: 


(I) Planning operations. Reasonably up-to-

date maps are needed to set up enumerator assignments, estimate travel time 

and costs, establish field offices, 

assign geographic codes 
so that proper 

enumeration areas are combined in the
statistics for publication areas, and 

identify segments for sample surveys.
 

(2) Data collection. 
Map 	3of appropriate
size and detail are needed to 
assure 

complete coverage of an area without 

any omission or duplication, determine
the best route of travel to and within 

the enumeration area, measure distances, 

enable the field staff to locate an
enumerator or to find a specific housing

unit when a return trip is necessary, 

and serve as a mechanism for showing the
progress of the field work. 


3) 	Presentation and analysis of results. 

Maps are used effectively to relate statistical data with the geographic area 

to which the statistics apply, make the
statistics easier to understand, and 

assure more use of the data by the public, 


Without adequate maps, there is the risk
 

of duplication or omission of areas covered
 
in the census, thus leading to inaccurate re
sults and wrong decisions by the policy makers
 
and data users. Return trips to 
the field to
 
correct the coverage deficiencies may delay
 
the census results to the point that their
 
usefulness is severely limited. 
 Saving money
 
in map prepar&ion, therefore, may indeed be
 
false economy.
 

1.1 
 Genewa ch a~actvtL6tiuso6 map s
 

A map is generally small enough to 
be
 
handled easily, yet it can show a large area.
It permits 
a person to view at 
a glance those
 
features which he might otherwise find difficult to see due to the limitations imposed
 

by tis i z e o h l c at i o n s i nd i by his size or his location. Thus, an indi
vidual can readily see on 
one 	map all the
du l an r a i y s e 
n o 	e a al th
countries of the world, the source and mouth
 
of the Amazon River, both sides of the Andes
 

Mountains, or the extent of a large city such
 
as Calcutta or Baghdad; 
this he could not
 
normally do as 
a passenger on 
an airplane,
 

much less on foot.
 

There are many kinds of maps, each serving
 
a s e i i 
 u p 	s .
a specific purpose. T e e a e m p h t s o
There are naps that show
 
the location of cities, rivers, mountains, or
 

deserts. There are soil and land 
use maps,

geologic and topographic maps, cadastral maps,
 

navigation maps, weather maps, road maps, ad
ministrative area maps, transportation route
 

maps, city maps, and individual property maps.
 

1.2 Gene af uz6u of map
 

Some maps contain information that helps
 

people to determine direction, distance, and
 
location; they assist in the identification
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of man\, man-made and natural features on the Many kinds of maps are used in statisti

ground. On other maps, a person can see the cal undertakings, either directly or indi

boundaries of a province or distiict, the 
 rectly. This manual is concerned with the
 
arrangement of streets and location of impor-
 types of maps that are relevant to census and 

tant buildings in a city, the areal extenr survey activities. For simplicity, the dis
of a river basin or forest, or the boundaries cussion in chapters 1 to 12 pertains to cen
of fields of crops on agricultural holdings. suses; the discussion in chapter 13 deals with
 

Most maps resemble photographs in that they mapping for sample surveys.
 

show what actually is on the ground; they
 

differ in that maps use symbols and show only 2. HISTORICAL BACKGROUND 
those features or characteristics of tie land- Maps have been in use for thousands of
 
scape which the cartographer (map designer)
 years. Kings, nobles, and other men of power
 
chooses to inc jude. have used them to show the extent, location, 

Maps also provide a means by which sta- and boundaries of their land holdings. One 

tistical information can be presented simply of the earliest maps still in existence is a 
and effectively. Such presentation of pop- Babylonian clay tablet, dated about 2500 B.C.,
 

ulation. housing, or agricultural data can which shows the location of a man's estate 

add a nev: dimension to the understanding of (see figure la). Presumably, the estate 
census and survey results--an -iderstanding covers land on both sides of the river and 
which statistical tables are frequently extends to the mountains (indicated by the 

unable ta portray. symbol ( ). The tablet is one of a series of 

. Sk,
,~~~ , 

Source: "Bulletin of the American SchooZs of Or~iental Research.," 1o. 4 -, ApiZ 931, p. 8. 
Courtesy of' U.S. Library of Conress. Orig'inaZl map is in the Semi tic! Museum.,Hanvard Univer
sity, U.S.A. 
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Figure lb. THLE WORLD ACCORDIfNG TO tablets which, when put together, show the
 
IIECATAEUS: 520 B.C. estates that made up a village or region. The 

whole Nile Valley was mapped by ancient Egyp
tians to show the location of property lines; 
some of these maps still exist on papyrus 

rolls. 

The world according to Ifecataeus, a 
- Greek historian who traveled widely, is shown 

. ° *._ in figure lb. His known world was flat and 

circular; it had two continents, surrounded by 
1 ,.an ocean. 

1 .. Increasing accuracy in cartography is
 

S ,.apparent from a comparison of any current
 

world map with those that were prepared long
 
ago. Major developments, however, did not
 

take place until roughly the 16
th,

century, as 

a result of the voyages of many explorers and 
.~O2W!: 1. ".us; the invention of the printing press (see 

o. U... :7 , - .,";. figure Ic). Copies of a single map could be 

" V : LL' .' O,,ff.;:TLiP 5'79A . 

D Ar N O .4 0 . bc C.
 

,,IAo" C,.-. l .. 

__:-,...+-_ . .. ._.,__.ev.
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:" v < 
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printed fairly easily and cheaply during a 


period when the demand for maps was increas-


ing. With the passage of time, maps became 


more detailed, specialized, and accurate. Yet 


they still served the same basic purposes as 


the earlier maps. 


An interesting form of a primitive nap 


is shown in figure id. It was made by an 


Eskimo hunter even before the people had a 


written language. Animal skin represents the 


sea, and pieces of wood depict the islands. 


The map not only shows the relative location 


and size of each island but also serves as a 


guide for navigators when traveling from one 


island to another. 


Recently, interested individuals and 

groups have encouraged a greater output of
 

specialized maps. These are intended for a
 

wide variety of purposes, such as weather
 

:7,.E}e Id. E 

(Sea is represented by animal skin znd each 
sriece o !co) 

,for 


.,.A 

R{,< 


Y',
" 


Source: Courtesy of U.S. Library of Congress. 


forecasting, oil exploration, forest manage

ment, mineral conservation, traffic flow con

trol, and urban planning. Census maps are
 

also specialized maps. It has been only within
 

the last c.entury that the need fir good census
 

maps has been recognized. Originally, census
 

taking was quite simple; the heads of families
 

and adult males were required to come to a
 

central location to be registered for taxation
 

or military service. As life styles changed
 

and the need for detailed data increased,
 

censuses became more complex. The statistics
 

gathering agencies assumed the job of finding
 

people by locating their homes and agriculural
 

holdings. Census mapping thus came into use
 

as a means of showing the location and the
 
boundaries of areas to be enumerated and as a
 

means of showing the routes 
to be followed by
 
census enumerators when canvassing their areas.
 
Maps also came 
to be used effectively in pub

lications which graphically show statistical
 

results of a census or survey.
 

Improvements in showing distance, direc

tion, and size and shape of land forms have
 

resulted in highly reliable and useful present
 

day maps. New tools and techniques are con

stantly being developed in order to update
 

and to further improve the accuracy of maps;
 

example, satellite imagery is now used to
 

construct new maps in some cases or to provide
 

addit,-al information which can be added to
 

exisLing m3ps.
 

3. USES OF CENSUS MAPS 

A census is a costly operation. It must
 

be well planned and carefully carried out so
 

that it produces reliable data at reasonable
 

cost. As stated earlier in the chapter,
 

adequate maps are essential in planning the
 

census, collecting the data, an presenting
 

and analyzing the statistical results.
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3.1 Peanning 6tage 


As one of the first duties, the planning 


staff for the census usually looks for maps 


that show the location and boundaries of the 


administrative areas o: government for which 


census data will be reported, such as major 


and minor administrative divisions, cities, 


towns, and villages. Before they can proceed 


further, however, the planners must have some 


knowledge of the physical geography of their 


country; that is, 
the location of mountains, 


hill country, plains, lowlands, valleys, and 


Figure le. PORTION OF MAP SHOWING

ADMTNISTRATIVE DIVISIONS 
__________________ DIVSINSWhat 

IR 

YENDI 


o .bute 


A,L-


rivers. Physical geography also refers to the
 

climate and vegetation, which are recognized
 

in such different areas as desert, grassland,
 

savannah, forest, and swamp. 
All of these
 

features of the landscape may be very closely
 

related to population distribution and agri

cultural activity.
 

The planning staff needs to know even
 

more about the human geography of the country.
 

Where are the cities, towns, and villages,
 

and what are their approximate populations?
 

Where are the rural settlements and where are
 

the sparsely settled areas? 
 How are crops,
 
livestock, mines, and forests distributed?
 

are 
the extent and quality of transpor

tation and communication facilities?
 
Maps of several types (of which figures
 

le and lf are examples) provide this informa
tion. The staff uses the maps to carry out
 

various planning activities that will contri

to a successful census.
 

3.11 Dividing the country into enumerator
ACCRA. EW A 
,L ",assignments.--This is probably one of the most
 
RIBA W ~-O \AK
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important uses of maps. Each enumeration area
 
(EA) must be of reasonable size 
(in population
 

as well as 
land area), must have identifiable
 

boundaries, and must lie entirely within an
 
administrative or a statistical area.
. Maps
p
 

supply information on population patterns, ag

ricultural land use, and other ground features;
 
KM such information permits suitable EA bound

to be chosen (see figure 1g). Again,
 
following the features on the map, the plan

staff can group EA's into supervisory
 

(crew leader) areas in such a way as to mini

mize travel and equalize workloads.
 

3.12 Estimating travel time costs.--By
 

routes of travel and measuring dis
tances on the maps, the staff can estimate the
 

aItravel costs for the census. Canvassing hilly 

:T . Efizethvile X /areas will require more time than flat lands, 

and canvassing sparsely settled rural areas 
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Figure If. PORTION OF TOPOGR.4PHIC MP 
SHOWNG SWAMPS, FORESTS, ROADS, HOUSES,
SCHOOLS, AND PUBLIC BUILDINGS 
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Source: U.S. Ceoiogica! Survey, 1963. 

will require more time than densely populated 

sections of large urban areas. 


3.13 Establishing field offices.--Knowl-

edge of the physical geography and population 

distribution is important in setting up each 


field office, which is responsible for a 

number of crew leader areas. Where there are 

large urban places, often it is the population 

workload, rather than the natural features, 

that influences the location of field offices. 

In rural areas, more attention would be given 

to natural features. Wide rivers or high moun

tains cutting a supervisory area would present 

many difficult problems for the enumeration.
 

Additionally, each field office must be
 

accessible in terms of transportation and com

munication. Materials and instructions should
 

be transmitted promptly, problems that arise
 

in the field should be resolved quickly, re

ports on the progress of the field enumeration
 

must be up to date so that budget and work flow
 

can be kept under control, and the data col
lection operation must be constantly reviewed 

assure good quality results. Maps showing 

detailed communication and transportation net

works can be studied to determine feasible 

locations for field offices. This is espe

cially important in rural or remote areas where
 

these networks are often inadequate and where
 

location of the field office may be limited
 

more by its accessibility than workload.
 

3.14 Assigning geographic codes.--To 

assure that statistics for an administrative 

area cover each component piece of land once
and only once, a unique geographic code must 

be assigned. The arrangement of EA's on a map
 

makes it possible to assign the codes syste

matically so that there is no omission or 

Figure 1g. MAP FOR EA 33-21, INCLUDING
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duplication. The procedure for assigning the 

codes' is discussed in chapters 2, 6, and 7. 


3.2 Vata cottecion 


Without maps, crew leaders and enumera-


tors would have to rely on verbal descriptions 


and directions or on local knowledge of the
 
area boundaries. 
 This leads to confvsion and
 

error. People tend 
to have mental images (or 

mental maps) of places, and these images may
 

not coincide with the 
area as it really is.
 
A native of Cairo may have a completely dif

ferent version of the city from that of a 


villager living a few miles outside. For the 


same kinds of reasons, a crew leader's mental 


map of an EA may differ markedly from that of 


an enumerator. This may lead to disagreements 


as 
to the size of the area, distances between 


places, location of boundaries, and shortest 


routes to follow. Because 
census maps provide 


a realistic picture of an area, they are es-


sential to the data collection operations for 

a number of reasons. 


3.21 Assuring complete coverage of an 


area.--Even where local tribal chiefs believe 


they and their people know precisely how far 


their villages extend, the results of research 


indicate that their information is often in-

accurate. Maps 
can show clearly whether EA 


boundaries overlap or whether they fail to 


touch; in the former instance there would be 


duplication, and in the latter instance there 


would be omission. 


3.22 Determining best route of travel.--


For the general public, the most common use of 


maps is for planning the best route of travel, 


Suppose a person wished to travel from a city 


on 
the eastern border to one on the western 


border of his country. All he needs to do is 


lAnother coding system is the one that is 

incorporated in the Geographic Base File (GBF) 

System. For a discussion of the GBF System,

refer to chapter 14. 


simply follow the 
sun and move in a .Testerly
 

direction. There are many roads he could
 

follow or he could ask directions from indi
viduals along the way. 
In time he would reach
 

his destination; he would not need a map.
 

Suppose this 
same person had a limited
 

amount of time and money for the trip, 
 lie
 
would want to select the most direct route and

the best roads, and he nay want to visit a few
 

important places along the way. 
A road map is
 
the answer.
 

Similarly, a map can be used to plan the
 

best route for a census enumerator to follow
 

when moving from his home to his EA. 
 It can
 

also help him canvass his EA properly so that
 

no part is overlooked or duplicated.
 

3.23 Measuring distances.--Maps are used
 
to measure distances between places or points.
 

For example, the enumerator can measure how
 

far it is between an imaginary boundary and
 

some visible features, or he can measure how
 

far it is from the intersection of two roads
 

to a group of houses. Along with other in

formation, such as 
the number and quality of
 

roads, the 
census staff can estimate the time
 

to travel to 
the EA's and to canvass the
 

areas.
 

It should be noted here that precise mea

surements are not necessary for census maps
 

that are used in the field. It is more impor

tant to show features in their proper rela

tionship to each other. 
 Whether a structure
 

is 50 or 70 meters from the road is much less
 

significant than whether it is located on the
 

correct side of the road. 
 There can be some
 

savings in preparing maps for the enumeration
 

since engineering accuracy is not required.
 

3.24 Locating a place or person.--Maps
 

can help to locate persons, places, or things.
 
An enumerator can determine his location by

match.g crtain prominent features on the 

ground witi, the information on the map. He
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can find the boundaries of his EA, or deter- taken and that a table was published, showing 

mine the location of an imaginary boundary in the name and population of each of the 20 

relation to some other map feature. Maps can districts in the province. Since the infor

also be used to locate villages, houses, ag- mation in the table is arranged alphabetically
 

ricultural holdings, field offices, and many by district, the census user who is not familiar 

other natural and man-made features which are with that province would not be aware of the 

important to census taking. unbalanced population distribution. However, 

a map can quickly and effectively show the
the map his 


In this way, maps add a new dimen-

The enumerator can mark on 


daily starting and stopping points, dwellings contrast. 


sion to the understanding and usefulness of where hiemust make callbacks, or the place 


data which tables do not readily reveal (see

where hiemust meet his supervisor. If for 


figure lh). 
some reason an enumerator cannot finish his 


assignment, the stopping and starting points
 

can be very important. to the person who mus 	 1hrc POPULA,7TION DENSITY PER SQUAREFi T. 
XrLoMETEF, FOR DISTRICTS complete the work. Additionally, if a return 


trip to a specific housing unit or agricul

tural holding is necessary, it is often impos

sible to retrace the enumerator's path of
 

travel and locate the unit without a map.
 
3.25 Serving as a progress report form.--	 ...
 

A simple administrative area map that shows
 

FA boundaries can be used to indicate the pro

gress of the field work. As this work is
 

completed, the FA can be colored or identified
 

in some other way. Districts where the work
 

is progressing slowly can be easily spotted
 

so that remedial action can be taken promptly. 
 /.....
 N 
Although records of progress can be kept on a
 

standard report form, visual representation 

ii 4 the form of a map can be very effective. 

3.3 	 Pese Jtation and aJzate4 of ,A et 6 50.000 to 99,999 
N 20,000 to 49,999 

When data are presented entirely in 0 10,00to 19.999 

tabular form, it is difficult to visualize 

geographic distributions and patterns. Publi- METERS 

cation maps and charts present data in a way
 

that can be readily understood.
 

Persons per km
Suppose the southern half of a province 

were sparsely settled, whereas the northern m Under5.0 i 25.0to49.9 

5.0 to 9.9 GM 50or more
half of the province contained the bulk of the 


j 10.0 to 24.9 
population. Also assume that a census was
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Census results can be indicated on maps 
 as each EA within his area) and another which
in a variety of ways. 
 For example, dots, 
 would show natural features, transportation

circles, spheres, bars, 
or columns can be used 
 routes, cities, and villages. For presenting

to advantage to show relationships such 
as per-
 statistical results, small-scale outline maps

centage of population change, percentage of the 
 are used as the base.
 
population that is urban, number of persons per 
 Detailed description of the kinds of maps

square kilometer, incidence of literacy, types 
 needed in a census 
is given in chapter 2 and
 
and qua lity of h o using , a g ricultural h o ldings n e r cha pte s . Th e chap ter 2 and
later chapters. The chapters also discuss
by size, and crop production per hectare.
 

how to acquire the maps and how to 
prepare

Such maps can have a very substantial and 
 them for the purposes they are 
to serve.
 

favorable impact, if they are made available
 
to government agencies, schools, various pub-
 5. CONCLUSION
 
lic and private institutions, and businesses.
 
As a result of 
their widespread distribution 
 A census administrator probably would not
 
and use, administrators, planners, business-
 consider having the enumerators memorize the
 
men, and the general public all are made aware 
 items on the questionnaire, then sending them
that valuable and useful information about 
 into the field with blank pieces of paper in

their country has been gathered and published, 
 order to save printing costs. 
 He would reason

If the publications are 
favorably received, a 
 that, if his country is going to invest a
 
sizable group of census users will have an 
 large sum of money in collecting data for the

interest in seeing that 
this important work 
 census, then the planners should ensure 
that

is .:ontinued in the 
future, 
 the data are as aczurate as possible.
 

The same reasoning applies to 
the use of
4. KINOS OF MAPS NEEOED FOR A CENSUS maps in taking the census; a census adminis

trator should rely on maps as a necessary tool
As noted earlier, many kinds of maps are
 to ensure accuracy. When compared with th2

used in the census. 
 Since they serve differ total census budget, including direct and
 
ent purposes, they differ in size and in the 
 indirect costs, the cost of producing adequate 
amount of detail with respect to natural and maps is small. Moreover, a mapping program

man-made features. Maps for planning 
purposes should not be considered in terms of one en
should show administrative 
area boundaries, sus or survey. Once mapslocation of cities and are produced, theyvillages, mountains, are updated for use 
in intercensal
deserts, swamps, transportation lines, and 

sample
 
surveys andsome indication of population density or ex-

future censuses. The initial
 
costs, then, will be relatively insignificant
 

tent of agricultural holdings. 
Maps for the 
 when compared to the long-run benefits.
 
enumerator should show streets, roads, and
 
major buildings or other landmarks; these Some countries have compiled nationwide

should be of relatively large scale. 
The crew 
 sets of fairly high quality maps; on the other

leader's map may be simply a composite of the 
 hand, many countries have yet to establish a

individual EA maps, probably at smaller scale, 
 mapping program. Nevertheless, the situation
 
A field office, directing the work of several 
 is changing as more and more census organiza
crew leaders, might use two types of maps of 
 tions realize that adequate maps are a very

intermediate szale--one which would show the 
 important tool in increasing the accuracy,

boundaries of each crew leader's area 
(as well timeliness, and usefulness of census 
results.
 



Chapter 2. ORGANIZING A MAPPING PROGRAM 

I. "TROI)LICTION 

A mapping program involves the systematic 

preparation, use, and publication of maps for 

census and survey purposes. A geographic staff 

is orgalnizedI, and n are. gathered from many 

sources from which census maps are compiled, 

Field personnel are 'liven training in tile use 

of census maps and some of the statistical re-

sults are published in graphic form. All of 

these activities are essential ingredients in 

any successful mapping program. 

The National Statistical Office (NSO) 


staff for carryinc on these activities is gen-

erallv known as the Geo-raph, Division. Tho 

Geography Division also provides the geographic 

identification for collecting the data, pre-


paring the tabulati-,is, and understanding the 


results--all in terms of their 'dentification 


by area. 


lo achieve all the mapping tasks required 


for a:curate and useful censuses and other 


statistical activities, a formal ongoing map-

ping program should be established as an intc-


gral part of the NSO. Failure to implement 


this important effort during early stages of 


census and survey preparation can endanger the 

final results. Mapping tasks undertaken too 

late or with insufficient planning almost 

surely will result in a lack of maps or maps 

that are inadequate for the enumeration of 


critical areas. For a major censua, this lead 

time should be at least 2 or 3 years even with 

an ongoing mapping program. This should make 

available an ezperienced core of well-trained 

geographers and cartographers to handle not 

only mapping for intercensal surveys but also 

advance planning and training of the additional 

staff needed for the next major census. For 

purposes of this manual, the term "cartogra

pher" applies specifically to a person who 

constructs maps; the term "geographer" de

scribes a person who is concerned with land 

features, population distribution, and spatial 

or locational aspects. A geographer may per

form sume cartographic duties. 

2. REQUIRED KNOWLEDGE ANP CAPABILITIES 

As mentioned in chapter 1, the NSO will
 

need personnel with the proper skills in map

ping to plan and take a cersus or survey. The 

personnel must have a detailed knowledge of 

the physical geography of the country--the 

location of the mountains, the hill country,
 

the plains, the valleys, canyons, rivers, and
 

lakes. Physical geography also deals with
 

climate, vegetation, and drainage, which are 

recognized as desert, grassland, savannah, 

forest, and swamp. These natural features 

of the landscape usually are closely related 

to the distribution of the population and
 

agricultural activity. 

Those planning and preparing maps for a
 

census or survey need also to know about the 

humar, geography of the country. For example, 

they should know the location of cities, towns, 

and villages and their approximate population; 

the location of densely populated and sparsely 

settled villages; the distribution of crops, 

livestock, and mining activities; the quality 

and availabillity of transportation networks 

and communication facilities. A broad general 

knowledge will. not suffice; a highly specific 

understanding of the situation in terms of 

many small areas is required. 
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Knowledge of human geography also would 
 as 
to which types or levels of administrative
 
include selected aspects of political geogra-
 areas are to have data reported for them in
 
phy. Staff should know the organization, lo-
 the census, and (b) the compilation of as com
cation, and boundaries of the administrative 
 plete a list as possible of all administrative
 
areas of government for which census data must 
 areas, including the relationships among the
 
be reported, such as major and minor civil 
 various types. Administrative areas include
 
divisions, cities, towns, and villages, 
 the following:
 

An experience with maps and an under-
 (1) 	Major administrative areas or first order
 
divisions.
standing of the principles, techniques, and 	

These are known by different
 
names in different countries, such as
 

practices of cartography are also needed in 
 province, department, state, canton, etc.
 
Sometimes there are two or more types of
the NSO. Abilities to evaluate maps, update 
 units at this level, such as department


the existing maps, and develop new maps all 
 and territory, or state and territory.
 
t 


are required in a census mapping program. 	
In any case, the Is order divisions must

include all of the land area of the
 

country.

Such knowledge of geography and cartog- (2) Second order divisions. These also are
 

raphy and accompanying technical abilities 
 known by various names, such as district,
 
will be found in professionally trained geog- county, municipality, etc. These all
 
raphers and in some cartographers who have	 are subdivisions of ist order divisions.
 

received basic geographic training. 	

(3) Third, fourth, and fifth order divisions.
Others 
 These may or may not exist within a spe
with a good secondary school education can 
 cific country. They also may be known
 

by various names, such as commune, canacquire necessary skills, through instruction 
 ton, chiefdom, barrio, district, etc.
 
and training, to carry out various parts of 
a (4) Municipalities, including cities, towns,
 
census mapping program. 
 villages, and other places. In some
 

countries, municipalities may be 2nd or

3rd order divisions, while in other coun

3. BASIC VECISIONS 
 tries they may be parts of divisions. In

either case, t'ey represent very impor-


Some basic decisions must be made before 
 tant 	areas for reporting census data.

Municipalities also may be subdivided
the preparation of census maps begins. 
Planners 
 into wards or other subareas.
 

must decide on the (a) areas for which data are
 
to be collected, whether official administrative 3.2 Statc.UcaE ateas 6o which cen-6 data 

are to be reportedareas or statistical areas designed to present
 
data 	for specific statistical use; 
(b) typical While it is essential to provide statis
size of an EA, determined partly on the basis 
 tics for the various administrative areas of
 
of population or housing unit estimates that s
government (including at least 1 t, 2nd, and
 

must 	be obtained; (c) criteria to be applied 
 3 order divisions), statistics for these
 
in defining urban and other statistical areas; 
 areas alone may not meet the needs of many
 
and 
(d) the coding scheme that will provide a data users. The administrative areas may fail
 
unique identification for each area. 
All these to recognize the natural geographic regions or
 
decisions must be made very early in the plan-
 subregions within the country, or its metro
ning 	if the program is to be successful. politan areas. 
 They may be inadequate for
 

classifying the populatioa into its urban and
 
3.1 	 Adrmnistpative a-ke" 6oA which ceit-uz rural parts. They may not distinguish between


data 	 a~e to be epo~ted the settled fringe of cities and the surround-


Early steps in the geographic preparatory ing agricultural area, 
-r they may not identify
 
work for a census are (a) making the decision the smaller settlements or villages. 
 In the
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larger places, statistical areas may be groups 
of blocks delimited to recognize common social 
and economic characteristics of communities or 
neighborhoods. To meet these kinds of gee-

graphic data needs, special statistical areas 

are defined in many countries and their limits 
are observed in the census (see chapter 15). 

Statistical areas may be combinations of 

administrative areas, or they ma be defined 
largely without relationship to such areas, 

In the latter case, the entnmeration areas 
(EA's) must be delineated so as to observe the 

boundaries of the sttisticii L.ceas. If the 

decision is made that staitisticail a:-e.,F are 

needed for a censu;, p personnel 

who are well trained in the field -if geography 
should be assigned the task of defining them; 

and prospective data usvrs; should participate 

in reviewing the Concl;,'.s and boundaries. 

3.3 Geoq-ca!:Uc ,ticzt~ca code scheme 

To process and tabulate the census re-
sults by geographic areas, it is necessary to 
design a complete geographic identification 


code scheme. This requires developing a sys-

tem of codes that will uniquely identify the 

enumeration 
 areas (EA's) or the blocks within 
them. This is done so that the computer can 
correctly assign the tabulations for these 


small areas to all of 
the various administra-


tive and statistical areas of which they 
are 


part. Development of a cede scheme 
is not 


strictly a mapping task, but it requires com-


plete knowledge of the various geographic areas 
for which maps and boundaries are being sought. 


Numbers are preferred for these codes. 

The reason is that the use of numbers is less 
complex and is lhss likely to result in errors 


than is the use of alphabetic characters. 

3.31. DesLinof code scheme.--The first 

step is to prepare lists of all administrative 


areas and their subdivisions. The hierarchy 


among the administrative levels and the se
quence of areas within each level also must 

be established, whether the sequence is alpha
betic (probably the most common), traditional, 

geographic, or other. The total numbers of 

such areas and th, numbers within each higher 
order level must be determined, before a de

cision can be made on the number of digits 

that will be needed for each coding field; 

for example, if there are 25 provinces and 

the codes are to be assigned at intervals of 

4 (02, 06, 10, 14 ...... 98), then two digit 

positions are sufficient. However, if there 

are more provinces, either the gaps oetween 

consecutive codes must be reduced or one or
 

more additional digit positions must be 
 re
served, as needed. The same procedure should 

be followed for the various orders of sub

divisions, except tuat the limit should be
 
determined by the largest 
number of subdivi
sions within 
 any one group of the next highest 

order division; for example, if there are only 
four regions, and they conrain 5, 22, 103, and
 

86 districts respectively, the district code
 

field for all regions must contain at least
 

three digit positions ( ee also chapter 6).
 

Statistical .reas must K 
assigned their
 
own unique positions among the various admin
istrative orders and units; 
the census planners 

must decide where they belong, and of what 

kinds of units they will be composed, before 

assigning them to specific positions. The 

judgments made in this process must be based
 

on a clear understanding of the role of these 
areas and of their composition within the
 

hierarchy of areas to be recognized in the 

census. A statistical area may be a group of 
administrative areas or 
it may be a part of a
 
single administrative area. For the larger 
statistical areas such as 
regions, subregions,
 
and metropolitan areas, a I- to 4-digit code
 

may be assigned across the country; this be

comes an additional identifier code for each
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of the administrative areas assigned to each 


statistical area. For the smaller statistical 


areas, some of which include only parts of 


administrative divisions, the procedures may 


be somewhat different. Some of these may be 


treated as the equivalents of 3rd or 4 
th order 


divisions and coded along with these divisions. 


Others, such as census tracts or sectors, may 


be numbered consecutively within each higher 


order division. Again, each EA is tied to the
 

statistical area, if any, of which it is a
 

part, as well as to the various administrative
 

divisions in which it is located. 

3.32 Permanence and flexibility of 

scheme.--Once a geographic identification code 

scheme is established, it should be useful for 
many 	 successive censuses unless there is a 

major reorganization of most of the adminis-

trative areas of the country. To assure that 

the code scheme is flexible to accommodate 

minor administrative area revisions (such as
 

additions and deletions), the codes adopted 


should have numerical gaps. To illustrate, 

if there are no more than 19 subdivisions of 

an administrative area, the code numbers could 
be assigned beginning with 05, then 10, 15, 20, 

etc., to 95, with four unassigned numbers be

tween each code number to be available for
 

future assignmeat; in thisway, alphabetical
 
sequence of areas can be maintained without 

renumbering all subdivisions. If there are
 

about 30 subdivisions, code numbers could be
 

assigned with gaps of only two numbers, which 

would probably accommodate many revisions. 

This kind of flexibility in designing a code 
a2ways be an objective to pre

scheme should 


vent major revisions for each census.
 

3.33 Uniformity of scheme.--A further 

concern in designing a geographic identifi-

cation code scheme Is the need for maintaining 

uniformity in the number of digits assigned 

to Identify areas at any one administrative 

or statistical area level. Each administrative 

level of government should have the same number
 

of digits for coding, whether they are needed

]st 

or not. To illustrate, one 1 order division
 

may have only nine 2n d order divisions while
 

the largest one may have 150; therefore, at
 

least three digits must be available for cod

ing all 2nd order divisions. This kind of
 

uniformity is necessary to maintain order in
 

processing and tabulating the data.
 

To avoid errors in the data tabuiation 

process, zeros shoul be used to fil] in al~l 

blank positions in all geographic identifi

cation code fields. For exa; ple, a code for 

13 t h the area would be 0013 if the code was 

designed to have four digit positions. 

3. 34 Authority for code development and 

revision.--Some one 
person or group must have
 
complete responsibility for developing thr.
 

geographic identification code scheme and re

visions, and for assuring that the codes are 
complete and are correctly followed. Allow
ing differences to exist will. rcsult in a 

breakdown in the system of processine and 

tabulating and may result in a delay of months 

(or even years) in the publication of census
 
results. However, it will always be desirble
 

and necessary for the subject matter staff 

responsible for the publications and the cor

p iter staff responsible for the processing to
participate in the development of the or.'.ginal 

code scheme and in the review of the appro

priateness of code revisions. 

3.4 	 PopfttLon &stcn.te-

Estimates of popular:ion or housing units 1 

are needed for planning the individual EA's 
and for planning the total number of enumer

ators, number of supervisors, and quantities 

of materials that are needed for the entire 

census operation. Estimates are needed for 

lEstimates of Population can be derived from 
the estimates of housing units by assuming an 
average number of persons per housing unit. 
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each administrative area and for all the in-

termediate levels areas. aof If previous 

census has been taken, the results '..y form 
thle basis for making current estimates. 

Estimates of population or housing units 
may come from mny sources, but ideally such 

estimates should be provided by provincial 
and local government officials who have some 

idea about whore the population has been in-

creasing or decreasing, and by how much. In 
some instances, a quick count of houses in an 


area will be needed. Where aerial photographs 

are available, estimates may be made from the 

photos. Although some of the estimates may 


be very rough, they will be useful. The pro-


tess of defining EA's implies the making of 


estimates, even 
if there is no formal esti-


mating procedures. Whenever the NSO staff 


must make field visits, they should be keeniy 


aware of the need to obtain current popula
tion estimates. hqienever formal requests for 

maps are sent to regional and local officials, 


the requests should include obtaining current 


population (or housing unit) estimates, 


3.5 Pe te~nuatlon of en,, at worzkecad 

The enumerator workload is the average 


number of inhabitants that an enumerator will 


canvass d'ring the enumeration period. This 


figure is needed for planning purposes. How 


large or small the figure will be depends on
 

man considerations that are not geographical, 

such as the length of the enumeration period, 


the number of questions to be asked, the 


availability of enumerators, the cost, and 


other items. The average enumerator workload 


may differ between urban and rural areas and 


between centers of dense po7pulation and areas 


of sparse rural settlement. The field opera-


tions staff must be consulted and they must 


take an active part in determining the average 


enumerator workload, 


4. BASIC MAPPING AND RELATED TAS, S 

An early start in the mapping operations 

is fundamental for developing tho andmaps 

obtaining the boundary information that is re
quired for both censuses and surveys. Such 

-.ork must be largely completed by the date of 

enumeration. The pro-enumeration mapping tasks 
include the acquisition and evaluation of maps, 

map revision, preparation of enumeration maps,
 

and training of field staff in how to use the
 

maps. During the enumeration, maps are 
re

ceived in the NSO, checked against the NSO 

Master List of EA's, and the,, filed. In some
 

instances, corrections that are made during
 

the census enumeration are reviewed and ere
 

carried through to publication. Of tile major
 

mapping tasks, only the preparation of the
 

publication maps remains to be completed after
 

the census field enumeration.
 

4.1 Acquisit.iotZn and evaftate.on of rapm 

To develop the necessary cartographic
 

knowledge to improve the taking of a census,
 

several initial activities are required. They
 

include examining earlier national censuses,

making a list of all administrative and sta
tistical areas, preparing an inventory of maps,
 

determining the !Wids of maps 
that are meeded
 

and where they can be obtained, and evaluating
 

the maps and boundary information available.
 

4.11 Examination of previous census
 

records.--The first step in preparing to 
take
 

a census is to examine the publications and
 

other records of the previous census so as to
 

learn some of the requirements and problems
 

that may arise in a new census. It is always
 

desirable to build on the experience of tile
 

last census by searching for its successes
 

and avoiding its mistakes. This applies to
 

tile geographic and mapping program as well as
 

to other census operations. Examination of
 

http:evaftate.on
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the 	results will reveal what geographic areas 


were 	used in reporting data for the previous 


census and what kinds of maps appeared in cen-


sus 	publications. Records may show how the 


census was taken and, of special 'nterest, 


what 	maps were used in enumeration. If these 


census maps still exist, a detailed inventory 


of them should be made. An evaluation of such 


maps 	as to their coverage, quality, field no-


tations, and sources will serve as an early 


guide in planning map acquisition for the cur-


rent census. 


4.12 Preparation of area listing and map
 
inventory.--Another early task is to prepare a 


list of all administrative areas, statistical 


areas, and any other areas for which data will 


be tabulated in the census. Usually this list 


is developed by the geography staff and the 


subject matter staffs. Following this step, 


an inventory should be made of what maps are 


available for each of the areas on the list. 


4.13 KInds of maps needed.--Several dif-


ferent kinds of maps are needed for census 


planning, as briefly outlined below: 


(1) 	National maps (maps of the entire coun-

try) showing major administrative divi-

sions, major physical features, and the
 
location of cities and towns. Ordinarily 

these will be single-sheet maps at a
 
relatively small scale, 


(2) 	Planimetric or topographic multiple-sheet 

maps at a relatively large scale. (The 

planimetric map has no elevation contours;
 
the topographic map does.) 


(3) 	Maps of major administrative divisions or 

regions showing levels of subdivisions 

and location of places. 


(4) 	City and town maps or plans. Normally
 
these will be large-scale maps showing 

all roads and streets, 


(5) 	Special maps illustrating the distribu
tion of physical features, population,

transportation, and the like. 


Not all of these types of maps may be available 


or up-to-date nr accurate. Nevertheless, what-


ever maps are ava;.lable will be useful. 


The above is a list of the kinds of maps
 

that are needed for planning and preparing base
 

maps. For enumeration and publication pur

poses, the NSO will need to prepare the follow

ing kinds of maps:
 

(1) 	EA maps of relatively large scale for use
 

of the field enumerators.
 

(2) 	Crew leader maps for persons who super

vise the enumerators.
 

(3) 	District and province maps showing the
crew 	leader areas that are under the
 

supervision of a field office.
 

(4) 	Selected types of maps for statistical
 
presentation of data.
 

4.14 Sources and acquisition of maps.--


Whatever maps are not in hand must be acquired
 

from various sources, mainly within the coun

try. These sources include:
 

(1) 	National government departments, both
 

civilian and military, such as the na

tional mapping agency, military mapping
 
agency, and other government departments
 
which make or use maps for planning eco
nomic development, transportation and
 
communication networks, etc.
 

(2) 	Provincial or regional governments
 

(3) 	Municipal, city, or local governments
 

(4) 	Private sources
 

(5) 	International sources
 

Acquisition of maps requires a coordinated
 

effort on the part of those members of the NSO
 

geography staff responsible for this activity.
 
Such personnel must know or find the possible
 

map soirces and be persuasive in obtaining co

operation in furnishing map copies. Authority
 
to pay the costs of reproducing maps may be
 
required. Also, travel costs may be incurred
 

to go to various places to inspect the maps
 
that are available.
 

4.15 Evaluation ofmaps and boundary in
formation.--The purpose of map evaluation is to
 

determine whether the available maps are suit
able for census use, or whether they must be
 

modified, corrected, or even redrawn. It in

volves comparison of different maps of the same
 



17 Chapter 2 ORGANIZING A MAPPING PROGRAM 


areas to decide which are better. This eval-

uation includes the consideration of numerous 

map characteristics such as completeness of 


area coverage, suitability of map scale, date 

of preparation, clearness of print, ease of 

reproduction, and especially the usefulness 

and accuracy of the content. 

Map accuracy may be difficult to judge, 

but some ideas about it may be obtained by 

comparing different maps of the same area. In 

most cases, dependence must be placed on know-

ledge of the integ rity of the map maker or 

mapping agency or what they have to say about 

the accuracy of their maps. The best test is 

actual use of the maps in the field. Some 

field testing of the large-scale maps to be
 

used in enumeration should be dote on a sample 

basis by geography staff. This wo'ld involve 

taking detailed maps into the field and check-

ing out specific features, such as roads, 

rivers, and boundaries, to determine if they 


are shown in their approximate positions on 

the marups. A field check should also determine 

whether a user, such as a trained enumerator 

or crew leader, could be expected to locate 


the map features and follow the map in can-
vassing the area to be enumerated, 

Evaluation of the boundary information on 

the maps is also very important. Some maps 


show boundary information for major and minor 

administrative divisions; others do not. In 


some cases, the boundary information is drawn
 

inaccurately; in other cases, it may represent
 

a boundary that has been changed. Here, re-


liance must be placed on knowledgeable local 


officials to confirm boundary accuracy. A de-


termination must be made as to which officials 

best know the legal or accepted boundaries, and 

an effort must be made to obtain their services 

in drawing or correcting boundaries. (Section 

7 of chapter 3 discusses a number of specific 

characteristics that should be examined when 

maps are being evaluated for use in the census.) 

4.2 RetL,66Uii and ted'ratbqt1 o6 map.s 

Where maps and boundary information are
 

not complete or some features are not shown
 

accurately, it is necessary to introdu~ce revi

sions. When maps require extensive revision 

or when poor quality linework will not repro
duce well, redrafting is necessary. Where 

detailed maps do not exist, it is necessary 

to sketch or draft new maps. Vertical aerial
 

photography is a valuable source of informa

tion in all of these situations. (Many of
 

the points in this section are covered more 

extensively in chapter 6.)
 

4.21 Revise maps if possible.--It is 

almost always less costly to revise a map than 

to compile and draft a new map. Revision may
 
include enlarging or reducing the scale of a 

map, which is an operation involving reproduc
tion techniques and some photographic equip

ment. Or it may involve removing or adding 

features and names so as to clarify and correct
 

the map, which is a drafting operation using
 

information from various sources.
 

4.22 Redraft maps if necessary.--This 

operation involves taking information from
 

several maps and, through reproduction and
 

drafting, compiling a new map to more closely
 

meet the needs of the 
census enumeration. 
This
 
operation requires direction by personnel with
 

considerable cartographic competence and good
 

understanding of map characteristics and design.
 

4.23 Add boundary information if lack

ing.--Boundaries of different kinds of admin

istrative aras are shown by different line 

symbols. Normally the sources of boundary In

formation are other maps, usually those ob

tamed from regional or local officials.
 

4.24 Update continuously.--If new and
 

better maps become available or if boundaries
 

are changed before the census is taken, the
 

base maps should be replaced by the new ones
 

or the earlier maps should be revised. For
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changes that are found during the en,,meration, 

instructions should be provided to the crew 

leaders and the enumerators to record changes 

in boundaries and major features (like new 

roads) for their own guidance in enumeration 


and future use by the NSO. 


4.3 Map fietd work 


quired in a variety of activities performed by 


the geography staff. 
Some information may be
 
provide d on req uest by regional and local
offiia l , b
t o her in v e ti g tio s w ll 
 eedp 

officials, but other investigationsl 
 e 


te rrapy
Diisot 
wi the spersonelo tthat-

Geography Division with their special capa-

bilities and training. 
These investigative
activities 
usually are required as part of 

oteghactivities
usuallysarerequrd 
as mpausing

other geor aphic activities such as 
map acqui
sition, determination or evaluation of bound-


aries, etc. 
 They are summarized below because
 
the field mapping tasks are 
a distinct type of 

operation that requires a separate budget and 

a separate place in the calendar of operations, 


4.31 ap acquisition.--Some maps that 

are adequate for enumeration may be available 

from regional or local governments or private 

sources, particularly if they are maps of 

cities or other urban areas. 
 In some cases, 

maps may be obtained through correspondence, 


Whenever maps acquired from national sources 

are unsatisfactory and map requests by corres-

pondence are unsuccessful, attempts should be 

made to obtain maps in 
the field by direct 


4.32 Boundaryinformationacuisition.--

Boundary information on maps for all adminis-

trative 
areas to be observed in census enu-

meration must be obtained from or verified by 

government officials. 
It is well if this can 

be accomplished by correspondence; 
if not, 

direct inquiry in the field is necessary. 
 For 

the lower level administrative areas, such as 

villages, the boundaries may never have been 


recorded or even officially defined (except
 
for a census) and disagreements may exist. 
If
 
these can be solved before a census is taken,
 
enumeration will be simplified and more accu
rate data can be published.
 

4.33 Map verification.--Maps 
can be com
pared and evaluated in ways that have already
 
been noted. Where serious doubts on 
accuracy
remain, there is nepd to 
go into the field and,
by observation and measurement, determine what
 

perfect , b e y d o need to 
 e
erfect, b u t th e y do need to show the r e lati v e
 
positions of areas and places well enough so
 

enumerators will not become greatly 
con
fused 
or lost when they are 
using them. For
this kind of verification, 
trained personnel
ti ido eiiain 
 rie esne
 

automobiles (bicycles or boats in some
cases) should visit 
the areas in question and
 
resolve potential discrepancies if possible.
 

4.34 Map revision and map sketching.--

Whenever all existing maps are clearly not
 
adequate, then revision, redrafting, or map
 

sketching are called for. 
 Such work can only
 
be done in th- field by trained staff who have
 
transportation available. 
 Some techniques for
 
developing maps where details are completely
 

lacking are discussed in later chapters on
 
aerial photography and map sketching (refer to
 
chapters 4 and 5).
 

4.35 Gathering population estimates.--

As mentioned earlier, the NSO field workers
 
should at all times be keenly aware of the need
 
for obtaining current population estimates.
 
Population or housing counts 
in new areas and
 
any local estimates will assist the geography
 
staff in the planning of enumeration areas.
 
All Geography Division staff in the field,
 
whatever their particular mission, should seek
 
this kind of information; 
for example, when
 
formal requests for maps are sent 
to regional
 
and local officials, they should be accompanied
 
by a request for current population estimates.
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4.4 	 P,'Vtepxtit.on oA maps ,o.t enumnaction boundaries may be drawn on the census map. If 

or a small area,Maps with boundaries oif administrative it occupies a single building 

areas do not become census maps that are use- only the point of its location may be shown on 

ful for enuleration until the 	 boundaries and te map by a symbol. in either case, these 

areas (EA's) institutions or other Special [well ing Placescodes identifying enumeration 


have been added to them. This operation in- must be treated as Special EA's so that the
 

field staff may assign specially trained pervolves a number of steps.
 

sons to enumerate them.
 
4.41 	 Delineate EA's.--Knowing the pro

(described in sec- 4.43 Assign identification codes to allposed enumerator workload 

will divide EA's.--The EA's are assigned consecutive nuntion 3.5), the geography personnel 

the lowest level of tabulation areas (rural bers beginning with 1, normally within each 

subdivisions or city, subareas) into geographic 3rd order administrative division but in con

number of formance with the geographic Identificationareas that contain the approximate 

for the coding scheme that is adopted. This numberinhabitants or housing units proposedenumerator workload. 	 2n d Tuis could be 100, 500, together with the numerical codes of the 
e n u m r a t.r woi s o ul d b e 0 0 , 0 0 ,a n d I1

s tk l o d T o r d e r d i vi s i ons wil l u ni q uely 	ide n 
1,000 or some other number of people; or it
 

could be 20, lC,, 200 or some other number of tify the EA.
 

housing units. Depending on the accuracy of 4.44 Prepare EA listings.--EA listings 

estimates of local population or housing units, contain the names and geographic identifi

this work may be done well or poorly. If the cation codes of each administrative and sta

planned EA's are too large in population, tht.y tistical area and the EA numbers associated 

may have to be subdivided later in the field with them. The areas are arranged in logical 

at the time of enumeration--a situation that sequence from the highest order division 

may complicate the tabulation efforts. If through each of the lower order divisions.
 

the EA's are too small in population, census Such listings are prepared in coordination
 

control and processing costs will increase, with the preparation of the census enumeration
 

In delineating EA's, the boundaries that are maps. For a population census, the estimated 

selected should be visible features, such as population or housing unit count for each EA 

roads, trails, streams, and shorelines. Ad- also is included. These listings serve a dual 

ministrative area limits may not follow such purpose: (a) provide the enumeration field 

features but their boundaries never should be staff and the central office staff with a con

crossed in delineating EA's. trol list of areas to be enumerated, as shown 

42 Son 	 the enumeration maps, and (b) provide tile-4.4 -i. Locate Special 	 EA's. -- In a popu

lation census or survey, some 	 population clus- subject matter and computer staffs with a geo

ters require special enumeration procedures graphic tabulation list. These lists are 

and, therefore, need to be identified and customarily transferred to magnetic tape and 
andmneedtheefrebee 	 atenedrecto idnife 

treated as Special EA's. These include such form what may be called a master reference 

places as prisons, hospitals, transient hotels, file of EA's. 

convents, militairy instal lations, and similar 4.45 Reproduce mais and EA lists.--Copies 

institution-like places, including camps for of the maps and EA control lists will need to 

nomads and refugee settlements. If a Special be made for the NSO and the field census of-

Dwelling Place occupies a large area, its fices, with extra copies for the crew leaders 

http:P,'Vtepxtit.on
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who are direct supervisors of the enumerators 


in the field. An individual map of the EA, 


preferably an enlarged copy, is required for 


each enumerator. 


4.46 Define Crew Leader (CL) areas.--Areas 


assigned to individual crew leaders must be 

defined. 
 In most census organizations, each 

crew leader supervises about 10 enumerators, 


although the number varies according to the 

difficulty of the data collection procedures, 


the transportation and communication facilities 


that are available, and length of time allotted 

to the enumeration activity. 
It is recommended 


that the 
crew leader areas be defined in the 


central office in order 
to maintain better con-

trol of the operation and to assure tb 
 there 


is no omission or duplication of coverage. The 


crew leader areas are usually delineated on the 

same maps that are used for EA delineation. The 


crew leader maps ordinarily are reproduced at 
a 

smaller scale 
to show an entire crew leader as-


signment on a single sheet. 
 Lists of the crew
 
leader assignments must be made to match the
 

maps; the lists must be used for both central
 
and field office control of field operations.
 

4.5 TtAcn-bti Ai. -.siedtaAin e- u e o6 m 

The host census manps will ofbe limited 

value unless the field staff responsible for
 
enumeration is trained 
 to use them properly.
 
Training 
may involve direct instruction of the
 

field supervisors and crew leaders by members
 
of the geography staff; or it may 
involve the 


preparation of instructions on map reading and
 

use of maps for inclusion in the manual for
 
training enumerators.
 

4.51 Instructions on how to read census 
maps.--Many field personnel, crew leaders, and 
enumerators may not know how to read a map 
properly to obtain all the needed information 
from it. Special problems are presented by 

census enumeration maps which are at different 


scales or which show different types of bound-


aries and special symbols, geographic codes, 

and legends. With careful instruction; this
 

learning can be made relatively easy.
 

4.52 Instructions on how to use maps in
 
enumeration.--The primary purpose of a census
 
enumeration map is to indicate the area, and
 
its boundaries, which must be covered by an
 
enumerator during the canvass 
of his indivi

dual EA. It serves as a guide to prevent him
 
from enumerating in the territory of some other
 
enumerator and to insure that all parts of the
 

country are covered. Yet, even though the
 
enumerator reads the map correctly, it will
 

not serve its full purpose unless the enumer

ator 
is told how to canvass the area most effi
ciently. It is necessary to plan the route of
 
enumeration so 
that the enumerator will cover
 

the EA with the least amount of travel and will
 
not miss any part of the EA. Certain guide

lines should be provided in the instructions
 

(refer to chapter 8 for more details).
 

4.53 Instructions on how to correct cez

ss as.--No matter what iscare taken in the 
NSO to prepare census maps, there will always
 

be some errors on them. 
 These arise becau~se 

of inadequacies in the base maps, incorrect
 
information on boundaries, 
 or simply becauseroads or other features have changed since the
 
map was made. The crew leaders and the enu

merators may recognize the errors and they 

should record the corrections on their copies,
 

which should be returned to the central office
 
after the enumeration. 
 Specific instructions
 

need to be provided on how to make these cor

rections (see chapter 8).
 

4.6 Check-h.n of nam5 altc,1 enurxatiojz 
When the maps are returned from the field 

after the enumeration, the NSO should check them 
against the aster List of EA's and attempt to
 
recover maps for any missing EA's. 
 The staff
 
should review the returned maps for such things
 

as 
changes or errors in administrative area
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boundaries, and should record the changes Ln 

the official file 
copies for future use. In 


tile case of annexations to a city, for example, 


the staff may need to use the EA maps (and the 

census questionnaires) to estimate the 
popu-


lation in the annexed area. 

Generally, the boundaries of administra-

tive areas are set prior to thc enumeration, 

and changes are not reflected til tile next 
census or :,urv'o'. Sometimes, however, major 

census~,.Sie ~ ~ ~ ~ ~ao ortuv~ ,hwvr ~~ 
bouadary changes which are discovered during 

enumeration may nleed to tic, made for the census 

that is beiing taken at the time. Such changes 

should be 'k~qt to a minimi-m; Considerable error 

can be introduced into the proces.sing of tile
 

resultEs if chi~am.es aro carried through after 


the enumeration takcs place. 


After the maps have been checked in, they
 
should be filed svstem.atically. Frequently, 


post-enumeration surveys or later statistical 


operations require that reference be made to 


the maps that were used in the census, 


4.7 P.ep,,Lat~cu c, navpsc,' cens~us Ptibeca-

Maps, including charts and graphs, can 

serve two major purposes for users of census 


statistics: 


(1) Identify, locate, and indicate tile bound-

aries of are.-s for which statistics are
 
provided. 


(2) Portray the statistical values in carto-

graphic form so that users may understand 

the geographic distribution of the 
census
 
data. 


These purposes result in two types of maps--

administrative and statistical area maps and 

statistical data maps. 

4.71 Administ-ative and statistical area 

M --Maps of this type are standard aids in 

all good census publications. They show in 

outline form the boundaries of all major and 

minor administrative areas and statistical 

areas for which data are published or tabu

lated. Not all levels of divisions can be
 

shown on the same map. If tle country is large 

Is t din area, perhaps only the and 2n order 

divisions can be shown on small-scale maps of
 

the entire country (or major portions of the
 

country).
 

Maps of major administrative divisions 

may be needed to show lower-order divisions;
 
maps of metropolitan areas or cities may be 
~eeeas o metopolitndividas oratitiesay
are
 

needed to show individual statistical areas 

such as census tracts or city blocks or vo
 

show municipal administrative areas such as
 

wards. Ordinarily these maps will be printed
 

in black and white; boundaries are indicated
 

by line symbols and subdivisions or separate
 

area., will be identified by names that are
 

printed on the map.
 

4.72 Statistical data maps and charts.--


Statistical data maps add considerably to the
 

understanding of the geographical distribution
 

of tabulated data. Indeed, they are essential
 

for the presentation and analysis of data by
 

areas. They usually take the form of dot maps
 

or area-shaded (choropleth) maps and may be
 

presented in black and white or 
in color. They
 

represent a service 
to the data user, and their
 

construction is one of the last operations in,_
 

completing a census.
 

Statistical graphs or charts may be used
 

to present data for some regional comparisons,
 
but they primarily serve to highlight data
 

characteristics of a non-geographic type, such
 

as 
time series, proportional relationships,
 
frequency distributions, and the like. Since
 

their preparation requires many of the same 

materials and talents that are required in
 

making statistical maps, the geography staff 

usually prepares charts and graphs as well as 

maps. (See chapter 9 for details on how to 

prepare statistical area and data maps and 

charts for use in the census publications.) 

http:chi~am.es
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5. ADMINISTRATIVE CONCERNS 
 tion of the enumerator workload. 
 The planning
 
Some basic decisions that affect a map-


ping program were discussed earlier in this 

chapter (see sectic': 3). Additional concerns 

of a planning or administrative nature are 

described below. 
They must be considered, and 

tentative answers must be supplied, before the 

NSO can assemble a staff sufficient to carry 

out 
the tasks of the mapping program, 


5. 1 Orgatnizatton of the Geogr'aphy Divion 

The staff for the mapping program will 

need to be recruited, organized, and trained 

to accomplish the various functions which have 

been discussed in section 4. 
It is suggested 

that 
this staff comprise the Geography Divi-

sion of the NSO (see exhibits 2-1 and 2-2). 

The possible elements of this staff, the func-

tions they will serve, and the personnel re-

quired are presented below, 


5.11 
 Planning Branch.--In the very early 

planning stages for a census, attention should 

be focused on 
the geographic and cartographic 

reqairements. 
Meeting these requirements takes 

a long period of preparation and, except 
for 

publication 
lapping, these operations all must
 
be essential~y complete before any enumeration 

can begin. 
 Fir this reason, it is imperative
 
that competent personnel be engaged in plan-

ning the mapping program at 
least 2 to 3 years 

before 
the census is taken, 


staff must lay out 
the overall work calendar
 
for the-mapping program; determine the workload
 
requirements for each program element in terms
 
of time, personnel, and cost; and determine how
 
best to recruit and train personnel. They must
 
estimate space and equipment needs for each
 
program element, and finally they must calcu
late the budget requirements for achievement
 
of the objectives of the mapping program.


The planning staff should include the very
best people available with training and experi
ence in geography and cartography; preferably,
 
they will include persons with previous census
 
experience and/or special training in geography
 
and cartography. Ideally, the chief of the
 
Geography Division will be chosen from the
 
planning staff (if he has not already been
 
named), 
and the others will form the nucleus
 
of the supervisory mapping staff.
 

5.12 Cartographic Branch.--Ordinarily,
 
the Cartographic Branch would have responsi
bility for three of the basic mapping tasks
 
that were discussed earlier in the chapter:
 

(1) Base map compilation
 

() Drftin
 
(3) Reproduction
 

An experienced cartographer should supervise
 
the Cartographic Branch with other professional
 
assistance when necessary. 
This staff would be
 
engaged in cartographic work throughout 
the
 

The laningstaf
isresonsbleforcensus 

period. (Details
making all of the technical decisions describeddr f i g 
an re 
 o uc
in section 3 of this chapter, although some of 


these decisions will be made in collaboration 
with other staffs of the NSO. These technical 
decisions include the selection of the admin-
istrative and statistical areas 
for which cen-

sus data are 
to be reported, 
the creation of 

the geographic identification code scheme, 

the collection and review of the population 

estimates that are needed, and the determina-

la ter apt er.c
later chapters.) 

on map compilation,
 
on re is 
 s ed i
 

The compilation staff would have the 
re
sponsibility for (a) acquiring and evaluating
 
maps, aerial photos, and boundary information,
 
(b) preparing the instructions for the drafting
 
staff on how to 
revise and construct base maps,
 
(c) doing map sketching and certain other field 

work, and (d) reviewing the final base maps 
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after they have been drafted. The staff should 


include geographers/cartographers and competent
 

clerks. 
 For tile most part, tile staff should be 


able to work on more than one task assigned to 


tile Branch, or to other Branches. For example, 


when they finish map compilation, they should 

assist in the delineation of EA's. 


Tle drafting staff would be responsible 

for the redrafting of revised maps and the 

construction of new r-aps based on the instruc-

tions of the compilation staff. 'he staff 

should comprise personnel with training or ex-

perience in drafting, 

The reprodUction staff would be in charge 
of rmap reproductioni bv hotographic and/or 

other copying methods. This staff should be
 
supervised bv sorieone .;ho has experience in
 

photography; others wo ild be competent clerks
 

who could be trained on the job. 


5.13 Statistical Areas Branch.--A staff 


competent in urban and economic geography is 


required to develop the 
 criteria and procedures 

for definin; statistical areas. The definition 

and delimitation of ,tistical areas should 

be perforr.d 1-arlyp,,ssible in the pre-is s 

paratorv sLa t.mappinu program;-,.- later, 
the staff could assJt in other mapping tasks 


such as tht. prep .r:t ion ,I enumeration maps, 


training, ind ;u,.vrviiori, and preparation of 

publicat in mapq. 


5.14 FA De! _in::i ion hoinch.--Thls Branch 


is active onIv at 
 the time of the census. it 
has tile boar.-vi, rrln in the entire mapping 

prorram--dine; ir. 11 the individual EA's on 

mriaps. This .:,r ..it; hf. fne iust before the 

enumerati~n Wd th,r- iviys will be pressure 

to ,,et the work done on time; however, it Is a 

job that can b(- d,,ne by competent Map clerks 

or tecnicians with professionally developed 

instructions and good supervision. The super-

visor should be a professional person who has 

some training in geography. 


5.2 Pface o Geoguaphy Div.sion W..tL.il the
NS0
 

Since the Geography Division is an inte

gral part of the NSO, its activities must be
 

coordinated with those of other divisions in
 

the NSO. Close relations are required with
 

the various subject matter divisions and with
 

the Field Operations Division. Since the
 

subject matter divisions have responsibility
 

for determining the statistical data to be
 

collected, tabulated, and published, they have
 

a strong interest in the geographic areas for
 

which the data are presented. Likewise, tile
 

Field Operations Division, which must conduct
 
the enumeration using the maps prepared by the
 

Geography Division, must be satisfied that the
 
maps and the EA's do not cause problems in the 
field that could be avoided. The cooperation
 

of 
these divisions through their participation
 
in the development and approval of the geo

graphic program is quite essential. On the
 

other hand, this does not mean that 
these di

visions should dominate the development of a
 

geographic program which is outside their areas
 

of expertise, but rather that their views and
 

experiences should be considered so that accord
 

may be reached on a geographic program most
 

acceptablc to all map and data users. 
 One way
 

of achieving such cooperation is through an
 

intra-agency geographic areas committee in the
 

NSO with representatives from all the divisions
 

concerned. 

5.3 Sp~ace and equipment needs6 

Space and equipment needs, like personnel,
 

are difficult to prescribe except in terms of
 

the ki,own needs of a particular country. Here, 

an attempt is made to indicate some important
 

considerations with regard to space and to list
 

the major types of equipment and materials that
 

will normally be needed.
 

5.31 Office space.--More building space
 

per worker is needed for the geographic and
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cartographic facility of the NSO than for most 


other statistical activities. The reason for 


this 	is that most maps are large in size, and 


often several must be spread out at one time 

when 	they are used by individual workers. In
 

the course of the work, large maps must be 


compared one with another. Reference maps and 


all 	incoming maps must be stored while not in 


use, 	and many duplicate copies which are made 


in the preparatory stages also must be stored 


until they are sent to the field for enumer-


ation. Every worker needs a large table or 


desk, and much additional space is required 


for map files and map reproduction equipment. 


5.32 Equipment and materials.--The equip-


ment and materials listed below are suggestive 


rather than complete. Later chapters will in-


dicate additional items that may be essential, 


(1) 	Furniture--tables, desks, chairs, book-

cases, drafting tables, stools, and light 

tables. 


(2) 	Files--map files, letter files, and card 

files (preferably of steel construction), 


(3) 	Lighting--overhead and desk lights (pre-


ferably fluorescent tube lights). 


(4) 	Office supplies--paper, pencils, pens, 

file folders, file cards, staplers, pen-

cil sharpeners, colored pencils, etc. 


(5) 	Drafting equipment--drafting pens of 

various types; drafting paper, cloth, 

and film; drafting ink, scribing tools, 

triangles, curves, lettering guides,
 
pantograph, polar planimeter, etc. 


(6) 	Photographic equipment--cameras, printers, 

enlargers, chemicals, films, paper, etc. 


(7) 	Other copying equipment--xerographic, 

diazo, blue print, etc.
 

5.4 	 Budget ng 

Cood financial budgeting for the mapping 


program is a difficult and complicated prob-


lem, but is not unlike preparing budgets for 


any other type of government work. The avail-


ability of budget records and expenditures 


from previous census mapping programs can be 


most helpful in developing the current budget. 


5.41 Steps in the budgeting process.--


The various steps in the budgeting process are
 

outlined as follows (some have been mentioned
 

earlier in the chapter):
 

(1) 	List all the mapping jobs and activities,
 
indicating in detail (so far as possible)
 

all of the separate operations that are
 
required to reach the objective. List
 
the operations in sequence.
 

(2) 	Determine the time frame within which the
 

jobs must be con:oleted. Most of the map
ping program must be completed 2 to 3
 
months before the date of the census.
 

That date normally is set at the begin
ning of census planning or is required

by law.
 

(3) Estimate the time required in man-years
 
to complete each operation in step (1).
 
Estimate the grade or salary level of
 
employees needed.
 

( 	 Determine the silaries that will be paid
 
to each type of employee (professional,
 
supervisor, and clerk).
 

(5) 	Determine the number of employees needed
 
at each salary level and the total esti
mated personnel costs.
 

(6) 	List supplies and equipment that must be
 
acquired and the total estimated cost.
 

gto 


gation work.
 

(7) 	Estimateoktravel costs for field investi-.
 

(8) 	Add (5), (6), and (7) and any overhead to
 
arrive at the total estimated budget cost.
 

(9) 	Consider alternative methods and costs,
 

balancing funds available with alter
natives that would still meet the oh
jectives. Arrive at a final budget.
 

5.42 Relationship to the total census
 

budget.--The elements that affect tile geography
 
and mapping budget within the NSO, both in
 

terms of its total size and as a percentage of
 
the 
total NSO budget, vary wide.y among coun

tries. It is impossible to giie a single total
 

cost figure or the proportion of the total NSO
 
budget that is needed to carry out the mapping
 

program. Salary levels and other local costs
 

vary considerably, as does che value of space.
 

The resources upon which the program can build
 

also have a great impact on the budget. The
 

country may have been entirely covered by topo

graphic maps prepared within the last 5 or 10
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years. There may be hundreds or thousands of 

square kilometers of territory which never 

have 	 been mapped or photographed and for which 

there are only military sketch maps that are 

many years; Old. 

Boundaries may be legally defited well-

established and well-knowni lines; or they may 

be undefined lines whose location has been a 

matter of long-standing dispute. The budget 

would '-ed to include the costs to settle the 

disagreements. Previous census materials may 

have 	 been well prepared and kept in good order; 

or they may.' have been lost or may never have 

exisced. In either case the budget is affected, 

The mappino,, program may be as little as 5 per-
centTos
estiiated 

cent of the total estimated cost of the census 

or as higah as 25 percent. 

5.5 	 T~a6,6io of opc ize.C 

In a census mapping program, most of the 

employees can he trained to do many of the
 

required operations providezd that they are 

literate, have an elementary understanding of 

mathematics, and have an interest in maps and 
a certain degree of intelligent initiative. 

They 	 mav. he t rained on the j ob or in small 

classes. Thetraining ill vary, depending 

on the work to wtvich the employee is assigned; 

however, almost all except some professional 

staff will neeci I.struction in how to read and 

evaluate naps for accuracy and completeness. 

Persons who are to be map draftsmen will need 

special training and experience in the use of 
drafting ,ooipncnt and materials. 

The training should not be left to chance 

or it will be of little value. It must be 

planned carefully, organized carefully, and 


carried out in a systematic manner. A brief 


outline of the topics to be overed include: 

(1) 	 Need for census maps 

(2) 	 How to read maps 

(3) 	 Evalua: Dn of maps and boundaries 

(4) 	Map correction and revision 


(5) 	Map reproduction 

(6) 	 Preparation of area lists, enumeration
 

maps, and other field-use maps
 

Traininig of this nature Should be given 

to all emiployees working on maps In the Ceog

raphy Division. Selected personnel will need 

training in air photographic interpretation, 

field work, and map sketching. Cartographic 

draftsmen will need instruction in the design, 

layout, and drafting of maps, including tile 

redrafting of existing maps and the use of 

drafting tools. Special instructions will be 

required for the preparation of publication 

maps, graphs, and charts. 

Those responsible for the training will 
reposil for tote willfthenu 

be geographers and cartographers who have had 

professional university training or have had 

experiet.ce equivalent to university training.
 

However, many geographers and cartographers
lack 	 practical census mapping experience; their 
capabilities could be greatly improved through 
regional or international workshops or through 

on-the-job training in a statistical office 

that 	has an active mapping program. It is 

most 	 desirable that persons trained in mapping 
activities not be transferred to other census
 
operations before all the mapping tasks are
 

completed (at least the pro-enumeration tasks). 

5.6 	 Adni'ni6t atiue conttof.. 

Even a well-planned mapping program may
 

fail to achieve the objectives of timeliness 

and accuracy .f it is not pursued with vigor 

and 	 ef ficiency. While the-e is no substitute 

for good management, there are a number of 

steps that can be taken to make the process 

of management more effective and help assure
 

that 	adequate continuous progress is made.
 

5.61 Calendar of actvities.--Thc con

sus planning staff should prepare a calendar 

of activities that will indlcate the starting 

and ending dates for each major operation that 

is needed to carry out til whole census program.
 

http:experiet.ce
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If the calendar is observed, it will assure 


that the earlier activities are completed so 


that they do not make it difficult to complete 


the final critical work on enumeration maps 


required by the enumeration date. Unforeseen 


difficulties may make it impossible to observe 


all of the calendar dates. If that occurs, it 


will be a warning that extra effort must be 


exerted to meet the future workload schedule, 


A calendar of all key activities that are 


carried out in a census is usually prepared 


early in the planning stages. The one illus-


trated in exhibit 2-3 lists the activities 


under broad functional categories and indicates 


the beginning and ending dates. The amount of
 

time allotted to each task depends on the num-


ber of persons that can and should be assigned 


to the job. Some activities can be completed 


faster if more persons are involved, while 


others can use only a limited number of people. 


In exhibit 2-3, the scheduling centers 


around the census date, I July; plans for the 


census, including decisions on mapping, start 


2 years before the census date. Other census 

activities are scheduled to be completed 2 


years after the census date; still others are 


continuing activities that extend beyond the 


dates shown in the calendar, 


A separate calendar is prepared for each 


major census eperation, as illustrated in 


exhibit 2-4 for the mapping program. It shows 


more detail than the overall calendar; however, 


the timing shown in the two exhibits must be 


consistent. For example, the beginning and 


ending dates for reproducing delineated maps, 


line 23 of exhibit 2-4, must be within the time 


period shown on line 22 of exhibit 2-3 for pre- 


paring and reproducing field-use maps. 


5.62 Production and scheduling.--A pro-


duction schedule shows how much of each actlv-


ity is expected to be completed within specific 


time periods. F~r geographic work, it must be 


determined how much of each operation must be
 

completed in each month to meet the dates that
 

were established in the calendar of activities.
 

Most operations are accomplished by gradually
 

building up the number of people to do the
 

work, so the production is gradually increased
 

to a maximum level. The units of production
 

that are reported ordinarily will be 2n d order
 

divisions within which EA's are delineated, but
 

they may be statistical areas or map sheets.
 

Production scheduling will assist in the
 

preparation of detailed monthly budget allot

ments. It also provides goals against which
 

progress reporting can be measured.
 

5.63 Progress reporting.--An organized
 

written method for recording pr- ress in the
 

various operatios of the mapping program is
 

essential tomanagement. It is desirable that
 

this reporting be weekly and monthly in terms
 

of numerical units of workload, when possible.
 

The units may be measures such as maps re-

quested; maps received; jobs done on maps;
 

administrative areas, statistical areas, or
 

EA's completed; etc. Progress can thus be
 

evaluated with reference to the production
 

scheduling--how much time is available to do
 

the work and the percent of the work completed
 

in relation to the time that is available.
 

Progress reporting gives management a tool for
 

measuring one aspect of success toward reach

ing its goals.
 

Progress reporting does not measure qual

ity or accuracy of work. For this, there must
 

be close and responsible supervision of the
 

work while it is being done.
 

5.64 Records nd files.--In the mapping
 

program, it is important that accurate records
 

and files be maintained. Records are complicat

ed somewhat because there is usually more than
 

one map for any particular area; on the other
 

hand, a specific area may appear on more than
 

one map. It may be desirable to make a card
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record of each map and to know where the map 

is at all times. For other purposes, a list 

of areas or E.A's may be more appropriate, 

Many of tile points mentioned here require 

elaboration and practical examples of the kinds 

of forms that will be helpful in implementing 

them. These are provided in later chapters, 

particularly in 6, 7, 10, and 11. 

5.65 Commun ication. -- To increase the 

efficiency of all employees and to maintain 
high morale. ce.ni cat! on of the aims and 

policies or management is, essentilal. Workers 

need to know the purpose of each activity and 

how management rgaris thir 2onribution. If 
policies 0Zr csar 3r17Lchanged, employees 

should be promptiv i for:cd of the changes and 

the reason,; 'ir. liy.' are necessary. 

.acn e:.p ,vec should have the opportunity 
to make sugces tio-ns for impro i no the work 

procedures -nd the qual itv of the work. Com

mun i t ion ma%-e~ ncilitiat ed be%not ices and 

memoranda, but th,.se are n substitutes for
 

regular staff im.eet inu-
 for review of progress, 

discussion of problems, and announcement of 

decisions by the supervisor who is responsible. 

6. OU4L1T CONTROL
 

One of the primrary purposes of a census 


is to produce reliable statistics for making 


decisions 
 that viii re!;ult in some action. To 

a large .Xt~ul, u'S tO which statistics are 

to be put shu'd deterine how accurate they 

must !. hoi, thLgrater the precision that 

is rqtire,, then the h, ,her the quality that 
is ne~eded in the data. Un the other hand, it 

is "din-cunum:: to reuire of data a quality 
higher than needed for teir intended use, 

Quality control consists of tie procedures 

used to measure the accuracy of performance and 

to limit tie number of errors to an acceptable 

degree. Quality control applies to mary census 

operations, including the preparation of maps. 

The output of a mapping nrofram is largely 

the product of human rather than machine effort, 

and human error is highly va:.iable in both pro

ductivity and accuracy. In mapping operations, 

the desirable low level for some tasks is a 

zero error rate, while for others there is not 

a true requirement for perfect quality. For 

example, in EA delineation, each area should 
be divided into EA's with absolutely no dupli
cation or omission; otherwise, there will be
 

difficulty in later operations and considerable
 
error may be introduced in the census results.
 
On the other hand, when drafting features onto 
a base map, it is not serious if the distance
 
between features is inaccurate as long as the 
relationship between features is correct.
 

Quality control applied to an operation 
attempts to limit, to pre-determined levels,

the amount of error occurring in the operation. 

This is accomplished by reviewing the work and 
removing as many human errors as possible with

out the expenditure of excessive amounts of
 
time or money. 

Quality control applied to individual em

ployees requires that their 'ork be measured by 
verification and 
that records be maintained to
 

evaluate their performance. Employees who have
 

the best productivity with acceptable quality
 

can be advanced to more responsible assignments.
 

Those with poor performance should be retrained, 

encouraged to improve, or removed 
from the work. 

Decisions on how quality control is to be 

carried out should be made early in the census
 

planning and preparatory stages. Otherwise,
 

an operation may be very costly (and perhaps
 
even Impossible) to 
carry out because there
 
was Inadequate control on the quality of the 
previous operation. For example, the enumura

tor may omit a portion of the province because 

EA boundaries were incorrectly drawn oi his 

map. Or the tabulation of the census results 

for a ;ity may be completely erroneous because 

wrong identification codes were entered on the 
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EA books (subsequently copied to the 
census 

questionnaires, then 
to punch cards). To aid 

in setting up quality control procedures, it 

may be helpful to make a list of materials and 


activities thaL 6hould be checked and a brief
 
description of how quality control should be 

carried out. Such a list may need to be up-

dated or revised from time to time 
as progress 

is being reviewed; nevertheless, such a list 

will serve to 
remind the NSO staff of specific 

materials and operations to be checked, 


6.1 	 Cont'~oftng quaft 1 oA mapping p'wgkan 
Several methods or procedures can be used 


to control the quality of a program. The prin-

cipal ones 
for the mapping activities are the 

(a) evaluation of maps for census purposes and 

(b) verification of the products of each step 

in the mapping operations. Evaluation is used 
in the inventory and acquisition of maps (dis-

cussed earlier in section 4.15 of this chapter). 

Each 	 map is evaluated as to Its possible use-
fulness for the census--the scale of the map, 

size of the map sheet, amount and kind of de-

tail that 
 is shown, date of construction of the 
map, 	line-work, lettering, reproducibility, etc. 

Quality of operational steps Involves, for the 
most 	part, 
a review by the professional staff;

decisions are based on intuition, experience, 

and established acceptance 
 specifications. The 

procedures for establishing and imiaintaining
 
quality of an operation involve the 
following: 


(1) 	Selecting personnel who have an aptitudefor, or experience in, mapping work.
 

(2) 	 Establishing an effective and continuing
training program. 

(3) 	Identifying persons who produce work ofpoor quality, then retraining or removing 
them from the operation, asnecessary. 

(4) 	 Identifying work of substindard quality,
then re-doing or correcting, as necessary. 

The points outlined above notare mutually 
exclusive. In fact, several of them need to be 
considered at 
the same time. For example, when 


work 	of substandard quality is detected, then
 
persons responsible for that work are 
identi

fied as unacceptable; moreover, they would be
 
the persons in need of additional training.
 

6.2 	 Veiication procedures 
As mentioned earlier, the quality of maps
 

affects the enumeration and the 
census results.
 
The maps need to be reasonably accurate when
 
they are given to the enumeration staff; maps
 
that are inaccurate or deficient cannot be
 

returned to 
the NSO and easily replaced by
 
good maps during the enumeration. Similarly,
 
inaccurate statistical maps in the 
census pub
lications can possibly lead to wrong decisions
 
by u-c's oE 
census data. Examples of steps to
 
be verified include the foziowing:
 

(1) 	Map compilation. 
Certain features on
 
resource maps 	 should be verified if the 
maps are used to prepare base maps for

enumeration. Contents of map packages
prepared for the drafting staff should
 
be verified for completeness and clarity. 

(2) 	 Drafting. Base maps that are prepared 
by the drafting staff should be checkedagainst the instructions and should bereviewed for accuracy and reproducibility. 

( Reproduction. Copies of the reproduced 

maps should be checked for readability. 

(4) 	 Delinleation. EA delineation should be 
checked for boundaries and desirable 

size. There must be no duplication or 
omission of area.
 

(5) 	Identification. 
 Each 	map should have
the proper identification codes and
 
names, legend, north arrow, etc.
 

(6) 	 Publication. Maps and charts prepared 
for publication must be verified for 
accuracy and conformance to technical 
and statistical standards.
 

The amount of verification of a mapping 
activity depends on how seriously an error can 

affect the census as a whole. Certain infer
mation must be reviewed on every map, whereas 

other items or features need not be verified 
completely. (See later chapters for details 
on quality control of specific mapping tasks.)
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7. OPERATIONAL CONTROL 


For purposes of this manual, operational 

control is distinguished from quality control, 

Operational control refers primarily to the 

control of the flow of materials to and from 

the field and through the various operations 

within the central office of the NSO. It is 

equally as important as quality control and, 

like quality control, decisions on how it is 
to be carried out should be made early in the 

planning and prepar:itory stages of the census. 

The control system deals with the mainte-


nance of records which show the location and 

movement of census materials at every stage of 


the program. The control functions are accom-

plished by using the records to (a) determine 

the location of maiterials, (b) oversee progress 

of the work, (c) make decisions relating to the 


priority and flow of materials through each ac-


tivitv, and (d) identify trouble spots where 

special attention may be required so that the 

operations meet the time schedules, 


7.1 ConS~ideat ots t6 etabehiZiig a contAof 
.,y',tern 

A census or survey of a country is a large 

and complex undertaking. A primary objective 

for the control of materials is to assure that 

assignments for each EA are sent 
to the field, 


that they are returned to the NSO, and that all
 

questionnaires are processed and are 
included
 

in the final results--without duplic'ition or
 

omission. Errors in keeping records can be
 

costly. They can result in unnecessary trips 


to the field, for example, or wasteful dupli-


cation in drafting a map that already exists. 


Similarly, illegible handwriting or misfiling 

may have the same effect as losing a map. 


It is important also that information be 


entered on the records promptly. If entries 


are delayed, the management staff cannot make 


precise judgments concerning the status of the 


work and the need for corrective action. 


In setting up the operational control sys

tem, procedures should be kept as simple as 

possible. The essentials should be included, 

but tile operation and control forms should not 

be cumbersome. There should be sufficient con

trol but not "overcontrol" or "undercontrot 

7.11 Materials to be controlled.--The
 

materials 
 that are to be handled determine
 

the control procedures and the kinds of 
con
trol forms that are needed. Bulk supplies of 

questionnaires, for example, would be handled 

differently from individual EA maps. In a
 

mapping program, the compilation of base maps 

may involve sections of maps of larger areas,
 

various types of maps (topographic, aerial
 

photographs, city maps), instructions to the 

draftsman, etc. Correspondence to and from
 

local officials may be involved in specific
 

operations and must be made part of the con

trol record. Materials and equipment used in
 

aerial photography, drafting, and reproducing 

maps may be important enough that there should
 
be an accounting to assure adequate supplies
 

when needed. 

7.12 Unit of control.--When planning the 
control system, it is necessary to select the
 
"unit of control" that is appropriate for the
 

particular operation. This "unit of control" 
need not be the same for all operations. In
 

making up a list of administrative and statis

tical areas for which census data are to be 

published, eacb such 
area must be listed. For 

purposes of map acquisition, the record would 
be kept by area; when base maps are being com

piled, the maps for all areas within a district 

(2nd order division) might be used as the unit 

of control Progress on delineating EA's might 

be recorded both by individual EA's and by 2nd 

or 3rd order divisions when they are completed.
 

The choice of the unit of control. depends on
 

the number of such units and the nature of the
 

operation. For some purposes, such as repro

ducing individual EA maps, it is necessary to
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make certain that maps are reproduced for each 

EA and that each EA is assigned to some crew 

leader; however, for purposes of distributing 


these maps, a larger unit of control probably 


would be more appropriate. 


7.2 Ch act 5 ad coaflt'e JoA'm6 

In designing control forms, attention 

must be given to identifying each form clearly 

and to presenting a clear picture of the pur-

pose and use of each form. Consideration also 


should be given to such physical features as
 
size, color and quality of paper, uniformity 

of style of printing, consistency in location 

of items that appear on several forms, etc. 

Basically, it is desirable for a control form 


to serve only one function. Transmittal forms 

should be used only for transmitting materials, 


progress report forms only for progress, etc. 

However, there are cases where a form can well 

serve more than one purpose; for example, it 

may serve as a transmittal, a report of com-

pleted work, and a record of EA's that make 

up a work assignment or administrative unit. 


7.3 
 Ftow ch.tt oJ con t0e opeutionz 
Control iiust take account of all the major
 

operational steps i. th-i 
 cepsus. As with the
 
calendar of operations, a chart should be con
structed to indicate the flow of all key opera
tional steps in Lhe census program. A separate

flow chart would indicate more specific steps
 

for the mapping program, as illustrated in
 
exhibit 2-5. 
 Note that the important control
 
records are the responsibility of the Central
 

Control staff of the Geography Division.
 

8. PROCEDURAL HISTORV
 

In order that future census or survey
 
activities may benefit from the successes and
 
the failures of the mapping program, a compre

hensive procedural history of the operations
 
is indispensable. It should cover all stages
 

of the program--from preparing the iLventory
 
to publishing maps and charts. 
 It should con
tain policy decisions, procedures, copies of
 
forms, and evaluation memoranda. 
To be most
 
effective, such materials should be gathered
 

and filed as 
the program progresses.
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Chapter 3. MAP INTERPRETATION 

1. INTRODLICT7ON 	 but this kind of map does not concern census 

planners. Generally, a map is a representa-
Chapter 3 describes how to interpret the 

tion 	of what would be seen from some point 

scale, symbols, and other information that 
may
 

above the surface of the ground; it attempts

be shown on a map. Understanding a map and 


to give the appearance of a flat (plane) view
 
what 	 it shows is preliminary to evaluating it, 

of a 	 particular area. 
using it for the various cenrevising it, or 

sus operations of planning, data collection, Although it is similar to a picture, a 

and puhlication. Some of the discussion is map is not a photograph. It is a simplified 

technical; it is included for the convenience representation of the real world; therefore, 

of those who are interested in understanding not everything that exists in the real world 

some of the details of map construction. is shown on a single map. Certain things are 

In this chipter, ernaphasis is placed on 	 selected aud emphasized; others are ignored,
 

eliminated, or de-emphasized.
those characteristics of maps that must be 

understood by census staff who are responsible A map shows the real world at a reduced 

for evaluating and selecting maps and for scale; that is, the real world is compressed 

using them as a base for the preparation of into a small area on the map. The extent of 

other maps fhr the census. Those character- reduction influences the kind of features and 

istics of maps and procedures for their use amount of detail that can be shown. 

that are important o the enumerator in the Natural and man-made features found on the 

field are discussed in chapter 8. surface of the Earth are represented on a map 

by symbols. The choice of the features to be
 
2. MAP FUNDAMENTALS 

represented by symbols and the size of the area
 

Maps are widely available and they come in to be mapped depend on the purposes for which
 

a number of forms from various sources. They the map is prepared.
 

are used by many individuals and many organi

zations, both public and private. But despite 2.2 Map efemcnt6
 

their wide availability and use, maps often There are two major elements that must 

are not well or fully used. To make the most be examined in order to understand a map: 

effective use of maps, the user must be able (a) horizontal scale and (b) symbols. Hot|

to understand and interpret the various mark- zonL1ai scale (hereafter referred to simply as
 

ings that appear on them. The user must be "scale") is the relationship between distances 

able to understand the map symbols, determine on the map and actual distances on the Earth's 

distances, and locate places. surface. Map symbols represent both natural 

and man-made features such as rivers, swamps,
 

2.1 	 Desc.iptni of a map parks, roads, houses, public buildings, and 

A map shows part or all the Earth's sur- administrative area boundaries. The explana

face. Also, a map can show the heavens, or it tory list of symbols used on a map is known
 

can show the surface of some heavenly body; as the map legend.
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Some maps show a third element--elevation. 


It is defined as the height above sea 
level, 

Variations in elevation result in the recogni-

tion of landforms and in the development of 


drainage features on the Earth's surface. 
The 

difference in elevation within an area 
is 

known as relief. 


2.21 Scale.--The scale enables the map 


user to translate distances between points on
 
the map into corresponding distances on the 

ground. 
By using the scale, census staff can 

determine distances required for field checking 

the maps, for conducting the enumeration, etc. 

The scale always should be shown on a census 


map, although an exception may be made for 


maps of relatively small areas such as city 


blocks, where distances are usually short. 


2.22 Map symbols.--The symbols used on 


maps may be in the form of figures, lines,
 
colors, or patterns. 
 They are used to indi-

cate certain features on the ground such as 


structures and roads, characteristics of the 


landscape such as land cover or 
use, and admin-


istrative boindaries. 


2.23 Ejevation and relief.--For an area 

which has rugged and difficult terrain (phys-


ical features of the Earth's surface) the map 

user undoubtedly would like to 
know where the 

higher and lower parts of the local landscape 


are located, and what differences there are 


In elevation (relief). Knowledge of the 
ter-

rain can be of great importance to the geog-


raphy staff when 
crew leader and enumerator 


assignments are being set up. 


2.24 Other map elements.--Other elements 

heo the user to interpret the map: (a) grid 

coordinates describe all points on the Earth, 


(b) type of projection indicates the amount and 

kind of distortion of the features, (c) north 

arrow orients the map by compass directions, 


(d) date of the map reveals how current it is, 


(e) source of 
the original materials and the
 
name of the map-making agency give some idea of
 
the reliability and accuracy of the map, and
 
(f) sheet number, or series number if the map
 

is part of a series, helps in locating other
 
maps for the same area. The geography staff
 
should consider all these elements when they
 

evaluate maps for their utility in a census.
 

3. SCALE
 
As defined above, scale is the relation

ship of the distance between any two points
 
on the map to the horizontal distance between
 

those same two points on the actual surface
 

of the Earth. Without an expression of scale
 

on a map, it is difficult to determine dis

tance on that map.
 

3 WaysoA exp~eming .caee 

Scales may be expressed in three ways:
 
(a) word statement, (b) numerical fraction or
 
ratio, and (c) graphic scale. Often only one
 

type of scale is shown; it is usually found
 

in a prominent place on the map.
 

3.11 Word statement.--A word statement
 

indicates relationship of the distance between
 

places on 
the map and actual distance between
 
these same places on the Earth's surfari. Word
 
statements are not suggested for census work,
 
partly because they are often difficult to use.
 

The following are some examples of scale
 
expressed in terms of a word statement:
 

(1) Twocentimetersrepresent1 kilometer.
 

A distance of 2 centimeters on the map
 
represents a distance of I kilometer on
the ground.
 

(2) Oneinchrepresents1 mile. 
A distance
 

of 1 inch on the map represents a distance
 

of 1 mile on the ground.
 

(3) One inch represents approximately 16
 

miles. A distance of 1 inch on the map
 
represents a distance of approximately
16 miles on the ground.
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3.12 Ratio or representative fraction.--


A scale may be expressed as a ratio or as a 


fraction. Thus it may be shown as 

1 
1:x or -X 

for example, 

1:25,000 or 25,000 


The ratio and the fraction have exactly the 

same meaning. 

Although the ratio or fraction is usually 
found on -ood mps and is the most commonly 

used scale expression in air photo work, it 
has some2 disadvatags compared .ithother 
forms of scale on census naps. The major dis-

advantage is that it is difficult to visualize 
for people who hiave not had some training in 

its use. Als. , if tli map is enlarged or re-

duced, the ratio or fraction changes and it 

must be recalculated. On the other hand, ex-

pressions of scale, such as 
word statement or 


graphic, ar,,- almost self-e.planatory and can 

be used .:ith little experience. If a map is 
enlarged or 
reduced, the word statement also 


must he changed; when the size of the map is 
altered only the graphic scale changes auto-

matically (see section 3.4). 


The major advantage of a fraction is that 


it is independent of the type of measuring
 
units used. It conveys the same meaning to 

some -- who uses the English system of meas

urem. as it does to someone using the metric 


system. 
A ratio of 1:5,000 indicates that one 

inch on the map represents 5,000 inches 
on the 


ground. With metric measurement, one centi-


meter on 
the map represents 5,000 centimeters 
on the ground. It also has the advantage of 

giving a clear indication of the amount of
 
reduction (and amount of detail) of the map.


1 

For example, a scale of 
 - means that a50,000So 

5,000 o its 


50,000actual length. It should be noted that areas 


are reduced in two dimensions; in the example, 

an area would be reduced to
 

1 1 1 

50,000 x 50,000 or 2,500,000,000
 
of its original size. 
This serves to empha

size the fact that "scale" normally refers to 

linear relationships and not to area 
relation

ships unless specified.
 

When a ratio or fraction is used to iden
tify scale, both the numerator and the denominator have the same measuring unit. Thus, if 
the measuring unit is a centimeter, then the 

ratio or fraction means that one centimeter of 
distance on the map represents x number of
 

centimeters on te ground.
 

Section 3.11 presented three examples of
 
the ways in which scale is expressed in terms
 

of a statement. These same examples can be 

expressed in terms of ratios or 
fractions.
 

(1) Two centimeters represent 1 kilometer.
 

Since the measuring unit on the map and 
the measuring unit on the surface
be the same in a ratio or fraction, 

must 
the 

measuring unit on the surface (in this
 
case, "one kilometer") must be converted
to centimeters. The metric system per
mits a rather easy conversion in thisexample. Since one 
kilometer equals
 

100,000 centimeters, the statement "two
 
centimeters represent 1 kilometer" as a

fraction would be
 

2 r 1 or 1t50,000100,000 50,000
 

The numerator of the fraction (first 
term
 

of ratio), which represents the distance
 

on 
the map, is always expressed as 1.
 

(2) Oneinch represents 1 mile. Since there
 

are 63,360 inches in a mile, the state
ment becomes
 

1 or 1:6,,360 
63,360
 

Note that the use of miles as a linear
 
measure 
results in some awkward fractions
 
and ratios. Sometimes, maps using the
e i e , m p us n th
scale of one inch represents one mile 

(or 63,360 inches) or one inch represents2 miles (or 126,720 inches) will not 
use
 



34 MAPPING FOR CENSUSES AND SURVEYS
 

a fraction to express the scale. On the 

other hand, if a scale of 1:62,500 or a 

scale of 1:125,000 is used, a statement 

may be added that "one inch represents 

approximately 1 mile" or "approximately 

2 miles," respectively. These kinds of 

scales often are used because they are 

even divisions of the commonly used maps
 
havin,, 1:1,000,000 and 1:1,250,000 scales. 


(3) 	One inch represents approximately 16
 
miles. This example is very similar to 

the preceding example. Sixteen miles
 
equals 1,013,760 inches. By adding the
 
word "approximately," the word statement
 
then becomes approximately 


1,000000 or 1:1,000,000 


These examples demonstrate that the metric 


system is easily adaptable to small as well as
 

large distances and is easy to understand in 


Below are
statements, fractions, and ratios. 


several examples:
 

10 centimeters represent I kilometer
 

10 1 or 1:10,000 

100,000 10,000 


4 centimeters represent I kilometer 


4 - 1 or 125,00 
100,000 25,000 

3.13 Graphic scale.--A graphic or bar 


scale shows the relationship between distances 


on the mqp and on the ground by means of a 


bar or line, with markings to indicate dis-


tances on the ground. Consider again the three 


examples that were shown in the preceding para-


graphs. They can be expressed in graphic form 


as illustrated below. 


1 kilometer.
(1) 	Two centimeters represent 


The ground distance of 1 km actually 

measures 2 cm in length on thle map. In 

th! example used here, the portion of
 
the bar to the left of the zero mark 

is divided into tenths to allow closer 

approximations of distance.
 

kilometers 


1 0 1 2 


IHHHH H I i 

(2) 	One inch represents 1 mile. In this case,
 
the ground distance of one mile actually
 
measures one inch in length on the map.
 
The portion of the bar to the left of the
 
zero mark may be divided into halves,
 
quarters, fifths, tenths, or some other
 
convenient parts of a mile.
 

miles
 

1 0 1 2
 

P H 

(3) 	One inch represents approximately 16 mile'.
 
In this example, one inch on the map in

dicates a real world distance of 16 miles.
 
The portion of the bar to the left of the
 
zero 	mark may be divided into units of
1 me.
 
1 mile.
 

miles
 
10 0 10 20 30 40
 
10 0 1 2 3 

Generally, the representation of scale
 

in graphic form is the most useful for census
 

purposes. The graphic scale is the only sat

isfactory form for presenting scale on maps
 

which are to be enlarged or reduced (and many
 

census maps, or portions of maps, must be en

larged or reduced). The reason for this is
 

that regardless of the degree to which the
 

map is enlarged or reduced photographically
 

the bar showing the graphic scale changes
 

proportionately; whereas neither the repro

duced word statement nor the ratio would con

tinue to be accurate if the map is made larger
 

or smaller. In other words, the word state

ment and ratio scales would have to be recal

culated and rewritten on the map if the size
 

of the map were changed through enlargement or
 

reduction (see also section 3.4).
 

3.2 	 Use oA scaCe to mreaSue distances 

Because the field and office staffs fre

quently need to measure distances, they need
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to understand how to use the map scale for 

this purpose. There are several fairly simple 

ways to measure d istances with suff icient 

aCCuracy for i in most census operations. 

The procvdurc are be undtUnderstood by several 

illustrat iols. 

3.21 Ln rctdr f2% ion__.c.le.--With a 
ruler, iledist1:1cC e tweeni p'ints A and B is 
measured :, ip,.ws- scale is I :11o0,000. 

AssUV1C thIt th. distance mL ,re on the map 

is 7.5 c71. Since I C: o the :maniPI'r;1reeL'Ls 

100,000 C.m o1 the 4 r, nI t!len . 5 c:M o1 th1e 

map equals 750,000 c::on the crund. ['his is 

tile equivalent of km or .ort miles.01 4.7 

Note hat this iiiustrati£on uses .I ruler 

chat is marked off i centimcturs. if a ruler 
that is marked oft* in inchnes i:-usz:d, the dis-

Lance between A and i would ibesii,:hrlv mere 

than ,- . . oe 

di- ta I,,c0:"'ri. at 

63, 3o) icd.. t. a m,i , thi a ..*:nvcrtrs to 
approximkitlv . .7 miie.s . 

3.22 P ,ur Lrip -,nd rp scalle. ----
ta 


method.--'Ihi is probably tie easiest metIod 

to use to meisure distances. The onl. equip-

ment required ispic.e! of paper and a pencil 

or pn. The - eprocedure is as 

follows: 


(I) Fold the paper you are usiug so that it
makes a straight edge. Lay tie paper on 
the map -so that the straight edge joins 
point A and point B. Mark point A and
point B on the paper. 

0 _i 

0oP-,tTO 

PIECE OF PAPER B 


(2) Place the paper just below the bar scale 
on tie map. Read the distance from the 
bar. In this example, the distance from 

point A to point B is determined to be
 

approximately 140 ki.
 

50 0 100 

f--
140 KILOMETERS 

-- 7 
AB 

PIECE OF PAPER 

In actual practice, roads and streets are
 

not always straight lines. For measuring dis-


Lances on curved roads, the same procedure is
 

followed. The distance between points on each 

straight section (leg) of the road is measured
 

and added to get the total distance.
 

3.3 Reai~ .tUe of . cage 

Maps are usually referred to as being
 

large scale, medium scale, or small scale.
 

The adjectives "large," medium," and 'small" 

do not refer to the physical size of the maps 

but to tile amount of detail shown thereon.
 

More accurately, the' refer to the size of 
the representative fraction scale. Thus,


I a
is small fraction (;mall scale) and 
500,000 
I-I is a large fraction (large scale). One2,000
 

expect - to find many more details of a given 
area to be shown on a large-scale map than on
 

a small-scale map. As a rule, large-scale
 

maps show fairly small areas, and small-scale
 

maps show fairly large areas. in figure 3a, 
tie large-scale map covers only the portion
 

enclosed in broken lines in the lower right 
corner of the medium-scale map which, in turn,
 

covers only the portion enclosed in broken
 

lines in the lower left corner of tile small

scale map.
 

The concept of large-scale and small

scale maps can be illustrated in yet another 
way. Assume that there are three maps (A, B, 
and C), each of which Is 50 cm wide. Assume 
further that the hrzontal scale of Kp A is 

1:500,000; on Map B it is 1:100,000; and on 
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Figure 3a. SMALL-, AIED1'UM-, AND LARGE-SCALE MAPS OF AN AREA 
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Kap C it is 1:25,000. Map A covers an area 


that is 25,000,000 cm wide (250,000 meters), 


while Map C covers ailarea that is smaller--

only 1,250,000 cm (12,500 meters) wide. Thus, 


one can readily see that details can be shown 
oil Map C (the large-scale map) with greater 

clarity than those same details could be de-
picted Lon the small-scale Map A. The follow

ing table illustrates these facts numerically, 

Map Adth) H Ii: al idth of
 
sca e of ::
,p ,Calo ground area 

SmalI 00,000 250.000 meters 
MV CdiU -50ci i:I!O0,0oo 50,000 meters 

Large i0 cm 1:5 ,000 12,500 meters 

3. 31 Small scale.--aps with scales
 

having large numbers in the denominator (for
 

)
example 250,000 or or are 
250,00 "500.000"1,0.0
 

generally considered to be small-scale maps 

for census purposes. Small-scale maps often 

are used to portray the whole country and its
 

large Ist order administrative divisions; they 


are used as sources of information about 


generalized national patterns 
of distribution
 

of landforms, transportation, agriculture, 


etc., and for planning the general distribu-


tion and boundaries of regional or district
 

field offices. For census publications, 


small-scale maps can be used rather effec

tively to show the distribution of data for
 

broad expanses of the country. 

3.32 Medium scale.--Scales in the range 


of about 1:30,000 to about 1:200,000 are con-


sidered to be medium (intermediate) scale for 


census use. Medium scales are used for maps 


to show 2nd order administrative areas; for 


example, ampurs in Thailand or municipios in 


Honduras. Medium-scole maps may be used as 


a source of boundary information for all 


orders of administrative divisions (if the 


boundaries are not complex), or as a base on 


which to record the location of places. They 


also may be used as the basis for enumeration
 

maps in areas of moderate to sparse rural
 

population (for example, less than 50 persons
 

per km2).
 

3.33 Large scale.--Maps in the large
scale category usually have scales larger than
 

1:30,000. Large scales are used by census 

organizations for maps showing 3rd or lower
 
order divisions, including the urban and other
 

more densely populated places in a country.
 

Large-scale maps are needed to show complex
 

boundaries of any order of divisions. They
 

may be used as the basis for enumeration maps
 
for the more densely populated parts of the
 

country, and as tle basis for publishing data
 

for small areas such as city blocks in large
 

urban areas.
 

3.4 Sca-fe Aeducton 04 eiteaitgement 

Scale change can alter the size of a map 

so that it becomes too bulky to handle or too 

small to read easily. For example, if a scale
 

of "l centimeter represents 1 kilometer" is
 

I
changed to "1 centimeter represents - kilometer,
 

the size of the resulting map is four times as
 
large (see figure 3b). Similarly, if it is
 

I
 
changed to "l centimeter represents T kilometer,
 

then the map becomes 16 times as large. The
 
opposite is true if the scale is changed in the
 

other direction and the map is reduced. The
 

map sheet may become too small 
for the user to
 
interpret the features or 
read the names.
 

In a similar way when a map is enlarged
 

or reduced, the scale changes. For example,
 

if the word statement on a small map is "I cm
 

represents 1 km" and if the map is enlarged
 

four times (that is, both length and width are
 

doubled), the statement on the enlarged map
 

must be converted to "I cm represents I km."
 
2
 

If a fractional scale has been used in this
 

same case (as in figure 3b), the original frac

tion of I must be changed to I
 
100,000 50,000
 

On the other hand, if the scale on the small
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Figure 3b. MAP ENLARGEMENT 
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map 	is graphic, it will automatically be en

larged when the map is enlarged.
 

4. MAP SYMBOLS
 
On every map, symbols are used 
to depict
 

and locate natural and man-made features. On
 

some census publication maps, symbols are used
 
to show statistical data. The number and type
 

of features and the kinds of symbols used will
 

depend on the purposes for which the map is 

constructed and the scale at which it is to be
 

reproduced. There is at least one symbol, that 
appears on mosL census maps--a compass or north 

arrow which helps the user to locate his posi

tion and eirectioo (see section 6.3).
 

A great variety of symbols can be found 

on maps. Although every map should have a
 

legend (descriptive list of the symbols that
 

are 	used), a good map symbol is one that can
 

be recognized without a legend. A good symbol
 
is drawn so that it is somewhat similar to the
 

actual feature on the ground; for example, a
 

line with small crossbars indicates a railroad,
 
a cross or crescent on a black square in

dicates a temple, mosque, or church. Quick
 
and 	easy recognition of a symbol is an advan

tage; ft decreases the chances of error and
 

provides even the most inexperienced map reader
 

with a guide he can readily understand.
 

4.1 Kinds o6 symbots 

A variety of symbols will be found on
 

maps. They generally can be placed in three
 

categories--point, line, and area symbols.
 
Occasionally a specific symbol may be difficult
 

to classify. Each category is described brief

ly below along with illustrations of common 

examples. A display of symbols is provided in 

exhibit 3-1. However, no one list of symbols 

is complete; any map maker may devise symbols
for features not included in a "standard" set, 

or he may create his own symbols.
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4.11 Dot or point symbols.--These are 

symbols that are used to indicate the location 

of a feature that has no significant dimension 

relative to the scale of the map. The symbol 

could indicate a house on a large-scale map 

or an entire town on a small-scale map. Often
 

point symbols are pictorial in nature. Ex-

amples of point symbols include 
poTheplace, U o achool , U for 

and for a church.and 	 Urci 

4.12 Line_._svxolsl-.--These 

0 for a 
a dwelling, 

are symbols 

which arc uiStcd LO indicc the presence of a 

feature that h1as only one significant dimen
s i, whichleth Th s smbo Is iinchIde 

solid lines of different widths, broken lines, 

dotted lines, and mixed broken and dotted 

lines. They may represent physical features, 

such as rivers and roads, or imaginary fea-

tures, such as administrative boundaries. 

Examples of line symbols include i 1 1 t i 1 

for a railroad, for a major highway, 

for a stream, forwide ........... 


a power line, and - -~for a boundary.ergisaapctolcton 

4.13 Area symbols or patterns.--These 

are symbols that are used to indicate the 

area covered by a given characteristic or 


phenomenon, such as a specific population den-


sity, swamp, sand dunes, urbanized area, park, 

etc. These symbols may include shading of 
different intensities, colors, or different 

patterns such as stppling , larger dot 
patterns or cripp tcin _c 

patterns , or crosshatching 12 . 

4.2 	 Use o6 coCf0, 

Over the years, map make'rs have come to 

use different colors to emphasize important 

features or to symbolize different types of 

Earth features. For example, blue is usually 

used for bodies of water, and green is used 

for vegetation. The following indicate tile 

colors that are most often used to represent 

various map features: 

Blue - identify bodies of water, both 
fresh and salt water 

Green - show vegetation 

Black - designate man-made features, in
cluding boundaries, roads, streets 

Red - show major roads or highways 

Brown - indicate contours on topographic 

maps 

use of color may be limited by the facil

ities that are available for making maps. For 

consistency, it would be desirable LO follow 
the above color scheme whenever color is used. 

For census purposes, color is generally not 

used for EA and publication maps because of
 

printing costs (boundaries of EA's are drawn
 

by hand on each map in a bright color). 

4.3 	 ln6OunmtitC' indicated by symbot 

Symbols may be used to show three dif

ferent types of information. 

(1) 	Location. Whether point, line, or area 

(2) 

(3) 

symbols are used, they show where a fea
ture or phenomenon is located. In the 
case 	of area symbols, the extent of cov
erage is an aspect of location.
 

Nature or quality of the feature. What 

kind 	 of thing is it? Is it house or mill 
or village, road or railroad or river,

sand 	or water or forest? In addition,
 

the symbols may indicate whether tile road
 
is paved, unpaved (or passable only dur
ing the dry season), or whether the water 

is salty or fresh. Obviously, there are 
many 	variations In the aspect of quality
 
or nature that can be symbolized. 

Quantity. 
much is the 

output of 

How much 
population 

the mill? 

of "it" is 
of the 

How much 

there? 
town or 
freight 

How 
tile 

moves along the railroad? What is the 

population density of the province? 

Maps 	 normally will have symbols showing 

what the features are and where they are. In

deed, this is their primary function. MaLps 

showing how much there is of various features 

are primarily statistical maps and are much 

rarer, but the information they portray may 

be of great value to the census planning staff. 
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4.4 Effec:t of6
6cae on choice o6 s6yrnbols 

Maps may hw constructed at small, medium, 
and large scales. There should be a balance 


between what the scale of the map will allow 

to 
be shown with clarity, and what may be nice 

to show but does not significantly improve the 

map's usefulness. 
 The scale not only affects 

the number and type of features that are shown 

but can cause variations in tile 
way a symbol 


for the same feature is drawn. 
 For example, 


on a small-scale map, roads or streets are 


usually depicted by a single line; whereas on 

a large-scale map a double line may be used. 


Other examples are depicted in exhibit 3-1. 


4.5 Lie o6 zyinboZ6 on cenzw map. 

It is not quite correct to say that only 

certain parts of the map are 
symbols; in fact, 


the entire map Is a symbol. From the point 

of view of census needs, symbols are of three 


kinds: 
 (a) those which represent natural 


features of the landscape (including vegeta-


tion); (b) those which represent man-made 


features of the landscape (such as roads and 


towns); and (c) those which are added by the 


census office (such as EA boundaries). Tle 

final census publications may include 
a fourth 


category of symbols to assist the public in 

understanding and interpreting the published 

statistical 
data. Bar graphs and pie charts 

would be 
 included in this category. (Refer to 

chapter 9 for 
discussion of publication maps.) 

Maps from previous censuses already con-

tain symbols added 
to the base map for census 


use in the field or for the publication of 

census data in map form. The symbols that 
were added to census maps in the past should 

have met certain standards. If they did, they 

were easier to interpret in the field and are 

easier to understand now. 
For example, it is 

advisable for a census office to be consistent 


in tile symbols it uses on various maps. 
 If 

a black square represents a certain type of 


structure on one census map, a black square
 

should represent the same type of structure on
 
another map. Such a procedure has the obvious
 

advantage of facilitating the training of
 
personnel on how to 
use census maps and lessens
 
the chance of misinterpreting the meaning of a
 
particular symbol. 
 To make it easy to inter
pret a map, considerations should be given to
 
symbols (a) that have general as 
well as census
 

uses, (b) that 
can be easily recognized by
 

persons having limited map training, (c) that
 
are simple to understand, td) that can be
 

easily drawn and duplicated, and (e) that 
can
 
be located and reproduced accurately, regard
less of the method of reproduction used. At
 
the same time, the number of special census

use symbols should be kept to 
a minimum; too
 
many symbols clutter a map, obscure one another,
 

and make tile map more confusing to use.
 

Certain symbols may be added and others
 

omitted or deleted as 
a map is adapted for a
 
specific census use. 
 The landscape features
 

symbolized on maps prepared for a population
 

census are not necessarily the same as 
those
 

used on maps made for an agricultural census.
 

Also, the importance of a feature can vary
 
from one kind of 
census to another. For ex

ample, in a census of population, every schoel
 

should be visited by the enumerator to inquire
 
whether anyone lives in the building. In a
 
census of agriculture, on the other hand, 
 tile
 
school symbol serves 
 largely as a reference 

point for the enumerator as he goes from one
 
farm "o the next. Furthermore, agricultural
 

census map:3 should be small-scale maps without 
much detail in densely popu~lated nonfarm areas; 
this would not be tile case for population 

census maps.
 

Special items that should appear on 
the
 
maps include (a) the names and geographic codes
 
which identify ISt, 
2nd, or 3rd order divisions
 

of the country, 
crew leader areas, and indivi

dual EA's and (b) a variety of special symbols
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which are used to identify major landmarks and 

to delineate the different types of administra-

tive and statistical area boundaries (including 

EA boundaries on the individual EA maps). All 

the special symbols should be ful lV explained 

in the legends of both the office record maps 

and the map copies sent. to the field. 

4.51 For small-scale mas.--Since small-

scale maps are used primarily for publishing 

statistical results for relatively large areas 

of the country, the amount of detail they show 

is limited. Fexg of the .ymbols illustrated in 
exhibit 3-1 are used . tfnura lly, on ly bounda

ries for the malor adminaistrat ive divi sions and 

poss ibhly the 2,at ion of large urban places 

are sio~: Smal!-s,'i !c maps are the ones for 

which .ue:ia! so:::o ls are dLsi.ned and used, 

part c,!;ori 'I for nubli c.iLtion purpo.ses. 

a32 For mu i,,,cae_,"hps.--M!aps of
 
medium sc alt £euerall'. ila'.'u been used for enu

meration in rural aruas and small population
 
clusters, ju'. usually contain more symbols
 

than small-scale maps. Thu 2nd order admin

istrative divisions usually are mapped at a
 
medium stalt., and tile cartographer must be 

sure that the boundary 1line around any admin

istrati ye division a:'rues ,vith th~u boundaries 

of adjacent administrative units. All places 

should be located and named on mudium-scale
 

maps. Names of capitals or other administra

tive centers may be underlined or the symbols 


starred. Sometimes enlarged insets may be
 

included in the margins of the main map (see 


figure 3c), or a generalized street pattern
 

symbol may be used fr all urban places. llow

ever, the use of either of these methods does 

not eliminate the need for sep'rate large-

scale maps. 

The same boundary symbols that are used 


on small-scale and large-scale maps are also 


recommended for medium-scale maps. For example, 


military installations, national parks, large
 

institutional facilities such as university or 

hospital buildings, and other properties of
 

significant size can be considered as special
 

areas for purposes of administration and enu

meration; theNy should be delineated with dis

tinctive line symbols.
 

Important landmarks such as schools should
 

be shown in addition to transportation systems
 

and natural features. Roads and streams may
 

be shown with single or double lines, depending
 

on the actual map scale.
 

4.53 
 For large-scale maps.--Maps of large
 
scale generally are used for enumeration in
 
densely settled areas. 
 Those natural and man
made features which can affect the enumeration
 
should be included. 

For consistency, the same symbols that are
 
suggested for small- and medium-scale maps

should be used for similar features on large
scale rmans. For example, an administrative
 

b undary in the area 
covered by a large-scale
 
tip should be represented on 
that map by the
 
same administrative boundary symbol used on the
 

small- or medium-scale maps. 
 Because of the
 
large scale, many line symbols for roads and
 
streams are double lines and other features
 
are depicted in more detail, depending on the
 

use intended for the map.
 

5. ELEVATION AN RELIEF
 

A map has two dimensions--length and width.
 
With these dimensions, t is fairly easy to
 

represent horizontal distances in a geographic
 

area. tHo-ever, there is a third dimension-

vertical distance or elevation--which can have
 

significant interest to a map user. Although
 

there 
are 
some maps (relief models) which are
 
actually shaped or molded to represent that
 

third dimension, most maps express vertical
 

distance in other ways.
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Figure 3c. USE OF INSETS TO SHOW MORE DETAIL 
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5. 1 Afe/dhods o(4howing e-Ccuaton czd , - I therefore possible to read exact elevations1 

There are three principal methods whiichi of the terrain along contour lines and, by 

are used to show vertical distance: (a) con- interpolation, to estimate elevations of points 

touring, (b) layer tinting, and (c) hachuring lying between contour lines. It is also pos
and/or shading, sible to estimate steepness of slope by meas

uring the horizontal spacing of the contour5.11 Contouring. -- Showing elevation and 

lines. The vertical distance between adjacent
relief by means of contour lines is a tech

contour lines is referred to as the contour 
nique which probably was invented during the 

interval, and usually is constant across entire
early 1700' ' It is by far the most accurate 

method 'et devised to show relief (differences 1This statement would be true if all con

in elavation), tours were located precisely. In practice,
the contours aze~con. fdered to be accurate if 

A cotourlinlln whch jinsthey are located within half of the contouris 

is whch 

points that have the same elevation. It is tween adjacent contour lines. 

A cotourlinlin Jinsinterval, which is the v'ertical di stance be



43 Chapter 3 MAP INTEPRETA[ION 

map sheets. From a single map having contour clearest indication of all three dimensions
 

lines, information can be obtained concerning involved--Ierh, width, and height.
 

the three dimensions of the terrain--length, The characteristics of contour lines are
 

width, and height. described in the statements that follow:
 

The census employee who has had neither (1) In general, contour linus are smooth 

training nor experience in using contour lines curves. 

may have some difficultv at first in under- (2) Contour lines have a tendency to parallel
standing conto-ur map-;. H r, contour map streams for some distance before they 

n mcross them, thus creating a V-shaped ap

can provide mucih information that is useful in pearance in many cases. The V's always 

a census and only a brief training point upstream.planning 

period is needed t each tue prin
"t:" 3d. PERSPECTIVE, PROFILE, AND CONTOUR VIEWS 

ciples of intcrprtetin4, contours. OF A, AREA 

Professional :::ap .,.pates and 

map-making agoncios are Producing 275B 284 

contour maps more ChL!,vi. and .01ire A ---------. 

rapidly than vvx'cr 

largeareas no ; 

hefore. :rovor,

>,,ed ____pc __________ 

rvctlv from aeriai t htcrp 1- 1 -m', 

techniques '.i ,...,. . kew iln. . .... 

and measured points (control -points) PERSPECTIVE 

on thle ,round . As tht- availab iii~tv 

of contour maps incrtases, it would 

appear that mor .ind mre o lm 100 

will be avaiLahe for census oper- B 

ations. It is essntiai that the 0 

census staff includu quaLified tech- PROFILE 
(A-B) 

nicians who can conv,-rt contour maps 

into the simpler map forms that are L 

most often used bv census personnel '. 1 

(for ex;,mple, planimetric maps). Alo0 

Figure 3d shows three views of , 

the same area. The perspective view ( 
' gives a good visual. picture of the , %, 

terrain; yet, because of the angle 

of the view, measurements of length, . 

width, and height are distorted. 

The profile view gives a clear in

dication of the heights and hori- CONTOURS 

zontal distances, but there is no MILES 

indication of the depth of the view. 0 22 

The contour presentation gives the 0 1 2 3 
KILOMETERS 
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(3) 	Contour lines tend to parallel each other. 


(4) 	Contour lines never fork or cross. 
 They 

touch only at over-hanging or vertical 

cliffs or at waterfalls--situations which

seldom occur in nature, 


(5) 	Contour lines always close; that is, fol
lowing a contour line shows that it will 

eventually return to the starting point 

(although it may close on another map 

sheet or in another country).
 

(6) 	Contour lines are close together when they 

represent steep slopes and farther apart

when they represent gentler slopes. 


(7) Cenerally every fourth or fifth contour 

line is drawn with a heavier line than the

others and its elevation is noted on the 

map. This is done simply as an aid to 

make the contours easier to read.
 

5.12 Layer tinting.--A popular method 


of showing average elevation on small-scale 


maps is 
to use a solid color for selected ele-


vation zones or bands. 
 Each zone is s ,own in 


a different color. An example would be a map 


showing area.- lying between sea level and 150 


meters in daik green; 
from 150 to 300 meters 


in light green; from 300 to 600 meters in light 


brown; from 600 to 
1,500 meters in darker
 

brown; from 1,500 
to 3,000 meters in darkest
 
brown; 
and above 3,000 meters in red. In ef

fect, then, each elevation zone is separated 

from the next by a contour line. Shading is
 

sometimes added to make it 
easier to see the
gometis 
ae o makei ther 


5.13 Hachuring and/or shading.--Hachures 


are short lines which are drawn perpendicular 


to a slope and which vary in width with the 

degree of slope. Shading is a representation 
of terrain by variation of one color from light 

to dark. In most cases, the color is darker
 

where the slope is steeper. These techniques 


depict hills, mountains, and valleys; and in
 
this way, they express relief. At one time, 


hachuring or shading was preferred by persons 


who wanted to make relief-like maps or to show 


topographic (surface) expressions of geologi-


cal formations, 


A portion of a carefully drawn map which
 

illustrates the use of hachuring is reproduced
 
in figure 3e. Such elaborate and carefully
 

drawn maps normally are not used for 
census
 
maps because considerable training, skill, ex

trene patience, and much time are required to
 
produce a good hachure map. However, even the
 
crudest attempt to show the location of high
 

peaks, ridges, or areas of very difficult terrain 	can be a big help to supervisors and enu

merators; in this case, hachures would depict
 

only 	the most prominent landscape features.
 

Hachuring uses 
lines that are varied in
 
width or spacing and drawn in the direction of
 
slope. 
The steeper the slope, the closer and
 
broader are the lines that represent it and the
 

darker the representation of the sloping area.
 

Very steep slopes may be represented in the
 

system by lines so close together and so heavy
 

that the areas appear to be almost a solid
 

color. Level lands are shown by means of blank
 

space or a few light lines.
 

The technique of shading has 
some advan

tages over hachuring. Naps can be produced
 

faster with shading and there 
is less likeli
hood that other details shown on the map will
be covered by dark hachure lines. 
 Shading
 

employs variations in light and dark 	 tones (see 
figure 3f). 
With the use of black and white, it
is possible to have a 6radation from white 
to
 
black with all intermediate shades of gray
 

represented. 
This 	is called continuous tone.
 

The pri .:fole of shading is a simple one. 

It attempts to sho;, an area as if the surface 
of the paper were 3-dimensional and as if light,
 

coming from a specific direction, were illumi
nating the area.
 

The measurement of the exact amount of
 

relief on maps drawn either by hachures or
 

shading is not possible. Nevertheless, a good
 

generalized notion of the shape of the land

forms can be obtained.
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A !1p,- i! an inc lined Surface. 
aMoun ,! in lIine can be expressed in 

The 
various 

,~-r ' 

rr 
ways: (a) by citin.l, the amount of vertical " " 

change that occurs over a certain length or 
horizont~al distance , (b) by describing the 
ratio between vertical and horizontal distance, 

... 
. 

, 
. 

(c) by ( :pressing the amount of vertical change V41"I %140 " 

as a percentage of the horizontal distance, or 
(d) by expressing the slope as an angle from 

the horizontal. T.,as a surface that changes 
elevation by 5 meters vertically over a hor-

zontal. distance of 100 meters may also be 

described as having a slope 5:100 or 1:20, as 
having a 5% slope, or as having a calcu:':: 

slope of approximately 3'. When describing theslope of roads, trails, rivers, and railroads, 
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it is common usage to refer to them as rising 

or falling X meters per kilometer, x feet per 
100 feet, or x feet per mile. 
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Census planners can use the information 


on slope when considering the establishment of 

field offices and when setting up crew leader 


and enumeration areas. Steep slopes hinder 


transportation and will affect such activities 


as supplying materials, supervision, and enu-


meration. 


6. OTHER ELEMENTS OF INFORMATION AND 

INTERPRETATION 

Scale, symbols, and elevation (where ap-


propriate) are the three most important aspects 


of most maps. However, there are other char
acteristics of maps that affect their utility, 


and there are other general types of informa

tion that may be obtained from m~ap. 


6.1 Eatth grids and coordinates 


The conventional method of describing the 


location of a point on the surface of 
the Earth
 
is to use geographic coordinates. These are 


X and Y coordinates, just like the ones used 


in mathematical graphs. On these graphs, the
 
location of various coordinaLes is shown by 


lines which collectively form a grid. In 


figure 3g, the point illustrated is at Y3 and 


X6; these are its coordinates, 


Figure 3g. LOCATION BY COORDINATES 


7 


6 

-

4 


2 

X 

As mentioned earlier, the Earth is almost
 

a sphere; it is :%CL tlat. The lines of the
 
coordinate grid on' a sphere are not always
 

parallel, and the distances between them are
 

not constant. Nonetheless, values of this
 

spheri.nl grid, in terms of degrees, minutes,
 

and seconds, are used to express the location
 

of points (towns, bridges, road intersections, 

etc.). This method of expression is specific; 
it is a universal worldwide system that can be 
used to express the location of any point on
 

the surface of the Earth.
 

In practice, the lines of the Earth grid
 
are 
called parallels and meridians, and they
 

are 
used to measure angular distances called
 
latitude (north-south distance) and longitude
 

(east-west distance). They establish direction
 

between points on a map; for example, city A
is NNW (north northwest) of city B. They also
 

can be used to measu're linear distances; one
 
degree of latitude is about 110.5 ki, and one
 

minute of latitude is about 1.85 km in length.2
 

Some maps that come to the ettention of
 

census geographers have grid lines (vertical
 

and horizontal lines) identified by letters
 

rather than degrees. In these cases, unlike
 

in figure 3h, the grids often are arbitrary.
 

These grids are usually found on maps of small
 
areas, such as cities, and are intended to help
 
the user locate specific features listed in the
 

indexes that accompany the maps.
 

Earth grid lines are particularly useful 

when maps of adjacent areas are put together 

to produce a map for a large area. For exam

ple, if maps for districts are fitted together
 

to produce a map for the province, the grid 

lines serve as guidepoints for matching the 

pieces. In figure 3h, the parallels shown on 

2Although the length of a degree of longitude
 
varies drastically between the Equator and the
 
poles, there is only a slight variation in the
 
length of a degree of latitude.
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Finwre 3h. FITTING TGETHER t!IP P.TECES BY MATCHING PARALLEL LINES 

uI oo -1V30' 

,9,°00 
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each piece (11', 10', 9') must coin-ide in 

order to make the pieces fit properly. Coordi-


nates indicating the location of a specific 


place also are helpful in the matching process. 


6.2 !.(a,-, P. doiec'C 's 

The only way that the surface of the Earth 


can be shown correctly is on a globe. The 


Earth is a sphere; maps are flat. Showing the 


Earth's curved surface on a flat map introduces 

distortion, which causes problems for both map 

makers and map users. The cartographer may 

accept certain types of distortion in order to 

eliminate or minimize others; his choice depends 


on the particular use he intends for the map. 

6.21 Description nf projection.--A map 

projection is a systematic transformation of 

the spherical surface of the Earth to a flat 

(plane) surface. There are many different map 

projections, some of which are mathematical 

constructions, whl]e there are others that 

could be deriv:d by a geometric or physical 

process of projecting an imare. There is no 

practical reason to distinguish between the 

two types. 

The pattern formed by the parallels and
 

meridians that are shown on a map help the
 

potential user to understand the nature and 

the location of distortion on the map. Analy

sis of the spacing between lines, their par

allelism, their tendency to intersect at right 

angles (be perpendicular to each other), and 

other characteristics of parallels and merid

ians on a sphere is the key to evaluating map 

projections. Comparison of grid character

istics found on a map with those known to exist
 

on a sphere permits the cartographer to recog

nize and evaluate the kinds and amounts of 

distortion found on the map. 

6.22 Map distortlon.--The reason for map 

distortion can be illustrated simply. Imagine 

cutting in half a rubber ball which is hollow 

inside and which has a complex design on its 

surface. Probably the best way to flatten one 

of the halves would be to cut the hemisphere 

at various places and then to stretch some 

parts and contract others. If this were done 

at appropriate places, the hemisphere could be 

flattened. But what would happen to the coin

plex design on tile surface of the bll? Some 
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of it would be changed. Distortion, then, is 

unavoidable in showing the curved surface of 

thle Earth on a flat piece of paper. 

The 	only way to represent the Earth's 

surface without distortion is to 
use a globe 

or portion of a globe. 
A globe is the only 

representation of the Earth which does all of 

the 	following: 


(1) 	Portrays the size of 
areas correctly 


(2) 	Shows shape correctly 


(3) 	Correctly indicates distances from any 

point on the Earth to 
any other point 


(4) 	Correctly indicates directions from any 

point oe the Earth to any other point
 

Globes are not convenient 
to use for most 


purposes because they 
are too heavy and bulky.
 
Therefore, various methods have been developed
 
to convert a curved surface to flat surface.30 
There is no 
one perfect ;nethod, however. Map 
projections can be designed to do some but not 
all 	of the things a globe can do simultaneously. 


The cartographer (map designer) must select 
projections that minimize the kinds of distor
tion 	which would be most objectionable for the 


intended purpose of the map. For each type of 
map 	use, one projection may be much more suit
aile 	than another. For example, the Mercator 


projection 
is useful for navigation but is of
 
little 
 value for showing worldwide patterni 

because 
 of its distortion of area at high lati
tudes--those nearest to 
the poles.
 

Most distortion problems arise when large
 
areas are to be depicted, like the world, a
 
continent, or a large country (see figure 3i). 
For smaller areas, distortion is not a major
 
problem; for most census operational purposes, 
therefore, selection of the proper projection
 

is not such an Important factor. 

6.23 Projections for censuspurposes.--
It is beyond the scope of this manual to dis
cuss the many different kinds of projections. 

As mentioned above, each has 	 been mat&-! for a 

specific purpose; each distorts certain global
 
features but shows other characteristics well.
 

Only 	a few census employees 
need 	to be
 
knowledgeable about projections. 
The geographic
 
staff, however, should have 
some basic under
standing of projections. 
 They may be required
 
to choose a projection (a) if they need to make
 
one map by joining two or more maps of rela

tively large areas of the country or (b) if
 
they must select or prepare maps of large areas
 
for use in the published reports of tle census.
 

An equal area (or equivalent) projection
 
is one which shows the relative size of areas
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correctly. Figure 3i illustrates three dif-

ferent types of equal area projections. With 

a map made on an equal area projection, one 

can visually compare or precisely measure the 

sizes of two areas on tile map to see which is 

bigger. Not all maps have this quality; for 

example, a ercator proj ection shows Greenland 

and South America as about equal in size al-

though the latter is eight times larger than 

Greenland. For cons us pubilcations, thre equal 
area projection i-- tire type that is used most 

often (see Chaper 9) 

6.3 Li, . , 

1', using, ariap, i t is important to know 

how to l:ne p the ma with the ground; that 

i, tO locate 01nthe round certain features 

that are shown on the ::ap and to locate on the 

map certain featiares found o,! the ground. The 

act of lininl", up a 'ap is cd; led "orientation." 

It is important in censi:; work when (a) corn
bining inforTation t ror se'.'era I malps into one 

map, (b) verifyin, :mapsq in the field, and (z) 

conducting: the field en.ur.ation, 

Orientation is the basic operation in 

determining: direction on a map. To orient a 

map, the most important pieces of inforration 

are the north v 1 (usually an arrow) and the 

sy.mols represcntin, the ground features. A 

north symbol mayrorepresent true north (the 
direction of the geographic pole) or magnetic 

north (the direction of the magnetic pole). 

For most census purposes, the difierence be-

tween true north and magnetic north is not 

significant. On small-scale maps, some of 

which are not intended to be used in the field, 

there may not be a north arrow. In these cases 

the lines of the arth grid (desried in 


section 6.1) car, be used to determine direction. 

hlen maps for several areas are to he con-

bined into one map, the maps should be placed 

so that the north arrow on each map points in 

the same direction, or so that the parallels 

and meridians (see section 6.1) run in approx

imately the same respective directions on the 

various maps. Then symbols for any features 

that the areas have in common, such as roads, 

streams, parks, railroads, and large buildings, 

should be lined tp so that their relationships 

are correct. 

In the field, the map should be aligned 

with the ground. To do this, it is necossary 

to find objects on the ground which are repre
sented by specific symbols on the map, such as 

a school or highway. The map should be held 

so that features on the map line up with their 

corresponding features on the ground. When the 
map is properly oriented, it is possible to
 
identify any ground object and its relationship 

in direction and distance with any other object 

on thle ground. 

6
6.4 A'tea miicawrenet 

At various times, it may be necessary to
 

measure areas on census maps. This does not 

happen very often because the areas of admin

istrative units usually have been calculated 
by ther agencies. 

Area measurement may be needed for the
 

purposes of an inventory of natural resources, 

population density calculation, or for other 

reasons. Area may be considered in planning 

census field operations, but it is not Impor

tant during the actual carrying out of these 

operations. There are several ways of ineas

uring areas from maps. 

6.41 Polarjilanimetr.--lf very accurate 
muto 
measurements must be obtained, a polar planim

eter may he used. The outline of the airea to 

be measured is traced with this instrument, and 

the enclosed area is calculated automatically.
 

The results must be converted to ground surface 

area by applying a factor based on the scale 

of the map being measured. Polar planimeters 

are costly, however, and It may be difficult 
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Figure 3j. USE OF SQUARES FOR MEASURING AREA Figure 3k. USE OF DOTS FOR MEASURING AREA
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to obtain a number of them ror census use. If 


mny areas are to be measured and only a few 


planimeters are available, the use of some other 


technique may be desirable. The instructions 


that accompany a planimeter usually are con-


cise and clear, and no attempt will be made
 

in this chapter to describe the way in which 

measurements are made. Chapter 10 has an il

lustration of a planimeter and instructions1 

use. 

with a planimeter, the census staff should be 

fairly skillful in measuring areas with this 

tool, but results depend very much on the care 

used by people doing th~e measuring, 

for its After a few hours of practice
 

6.42 Sguares.--Squares in a grid are 


counted to determine area. First, lines are 


drawn on transparent overlay material to form 


uniform squares. The overlay is then placed 


over the area to be measured and the squares 


within the area are counted. If the area in-


cludes more than half a square, the entire 


square is counted; if less than half, the en-


...............
 

......
 

tire square is excluded. The precision of this
 

method varies with the scale of the nap and the
 

size of the squares being used; the larger the
 

scale and the smaller the square, the more
 

precise is the measurement (see figure 3j).
 

The area of the squares should bear a con

venient relationship to the scale of the nap. 

For example, the area of each square should be 

equal to 1 ki2, 1 hectare, - square mile etc.
 

6.43 Dots.--Figure 3k illustrates the use
 

of a template (or overlay) which has dots
 

spaced in proportion to the scale of the rmap
 

being measured. The procedure is to count the 

number of dots that fall within the bearea to 

measured, then to multiply the number of dots
 

by the scale fraction. This technique often
 

is used for estimating the area of agricultural
 

lands. A variation of this technique is to use
 

an overlay of squares (as described above in
 

section 6.42 and illustrated in figure 3j),
 

and to use the points at which the grid lines
 

intersect as the dots.
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6.44 Parallel lines.--One of tile best Fig'o,c 3e. USE OF PARALLEL LTNES FOR 

to measure areas is by meus of equal- MEASURING AREA 
ways 

spaced parallel lines. These 

on an overlay, which Is then 

map area to be measured. The 

of the parallel lines within 

lines are 	drawn 

placed over the % .5or 

length of all 

the area bound

aries, multiplied 1) the width of the space I 

be! tWCeln lineCS, dO tol r'1 Ine-S LhI I ;I00fe o the0 areaIYNI-%3 1p 

(see 	 f ftcL1' li'). enerallv , th is technique 

is fairly .Ccurate, 1ast, ,nd cheap to use. 

A further islvanrajer:a: 	 u is fairly easy 

to tr iin 	clor.- to C!Ir:". ou, th process. The 

is !lstr)!*Ced ! r i t, 

(I) 	D rw . i I 1ino-
thepa:'. [i::e:l~~~~~ei 


apart--. c: . I c:-, 

(2) 	 th, 
the areai t, 11 ::,;;i 

is f-'0tlW.:,Il : 

071 an o,.'erlav. Make 
: :;elected distance~~~ 
,r 	 ; ficro, example. 

f each line "withil 
,reo and obtain the 

sum Of the,,se ln'ths. 'he lenotl of 
each I nlie c:ent is entered in italics 

in fiiure 	 t " 

(3) 	Convert tht- sum of''he 1!ength of tihe 
lines and th.. Inc the lines.!iisc 0ti.een 

usilg the scale en the man.
 

(4) 	 Calculate rhe area h? nil tiply ing the
s4Calculate e arc. tid th eSlim of the emt by the width of tile 

space between tie lines. 

In figure 3fi, the I encths c: the 10 line seg

ments in 'e,'h Province 

tlhe space between lines 

scale is I hc
250, 00OO 

add to 37.3 cm and 

is 1 cm. The map 

m.... that onreans I cm 

the rap = 2.5 km on the ground. Thus, the 

total length of the lines becomes 37.3 x 2.5 

or 93.25 kim; the space between the lines be-

comes 1 x 2.5 or 2.5 km. The area of the 

Province is 93.25 kim ;,2.5 kin or 233.1 km2. 

6.45 Other t-chniquer.--There are other 

techniques which may be us'd to measure area. 

Some depend on knowledge of geometry, and It 

might be difficult to find qual.ified clerks 

who can be trained easly te understand and 

apply these methods. 

On technique involves cutting from th1. 

map the area to be measured, then weighing 

CO " 0 ..4cm 

. .
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the paper. In this case, all maps must be
 

made of the same paper. This, too, is not
 

always practical. Another cut-out technique
 

involves passing the pieces of paper through a
 

"map area scanner" to determine the area; this
 

method also requires conversion of the results
 

using a factor related to the map scale.
 

Still another technique for measuring area 

is the use of certain high-speed machines that 

are called "digitizers." This technique can 

be faiLly costly and therefore it is not widely 

used. However, the acquisition of digitizers 

for other purposes is becoming more and more 

common; this may make it possible to use them 

for census purposes also. 

7. EVALUATION oF MAPS 

The preceding sections of this chapter de

scribed many important elements of a map that 

must be taken into consideration when the staff 
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decides whether a particular map can be useful 


in tile census operations, in what way it can be 


put to use, and whether it is better or worse 


than some alternative map. In the remainder of 


this chapter, these elements are reviewed and 


summarized from the viewpoint of the persons 


who evaluate and select maps for various census 


purposes, 


7.1 Intended toe~oAmap 

Maps may be used in several ways in a
 
census. They may be small-scale national or 


major regional maps which provide a general 

overview about a large area. They may be 


medium-scale maps which provide information 


abc,; boundaries, road patterns, distribution 

of housing units, and other features in rural 
areas that have a moderate to sparse population 

density. Such maps may be used by enumerators 

in the field or by supervisors. Or the maps 


may be large-scale plans of cities or other 


densely inhabited areas; these also may be 


used by enumerators and supervisors. The maps 


may record houndary information, with more 

complex boundaries requiring larger-scale maps. 

Maps may provide a base upon which statistical 

data can be plotted in preparation for its 

publication in cartographic form. In any case, 

the process of evaluation first must consider 


the use that is to be made of the map. 

7.2 Review of map efeimozt!, 

When the evaluator has determmined the 

purpose for which the map is needed, he should 

examine various map elements. Usually, more 

than one map Is needed to satisfy all the needs. 

7.21 Scale.--Is the scale appropriate 

for the intended use of the map? A large-scale 

map series requiring several hundred sheets to 

cover the country is not useful for understand-
ing broad general patterns of distribution, 

Broad patterns are lost in the detail on such 

maps; a small-scale map is better. The reverse
 

situation applies to maps needed to supply data
 

for the individual enumerator who must have
 

information about every road or trail; in some
 

cases, he is required to mark the location of
 

each housing unit on his map. Between these
 

extremes are regional maps that are needed in
 

district offices for the control of operations.
 

The basic rule is that the scale of the map must
 
be appropriate for the job that is to be done.
 

7.22 Symbcls.--Do the symbols used on
 

the map show the kind of information that is 

needed, or do they show information that is
 

unnecessary for census purposes? 
Are the
 

symbols legible; can they easily be read and
 

understood? Are there too many (or too few)
 
different kinds of symbols used? 
 Like scales,
 

there is a wide range of symbols that are
 

appropriate for census work, but many symbols
 

are more appropriate for some uses than for
 

others. A map showing only the location of 

cities and towns is not appropriate for an 

enumerator who must work within such places 

and must know where the streets are and their
 

names; lie needs a map with more detail.
 

Anather important aspect of symbols is
 

the usf,of color in portraying them. The maps 

tat are to be used in the field enumeration 

usually have to be reproduced and the printing 

process available to the NSO usually is a fast 
and inexpensive process such as diazo. This 
means that the maps are reproduced in a monochrome (black, blue, or sepia on a white back

ground). If tile maps must rely on color to 

ditinguish among symbols, their usefulness 

for this purpose is low. For example, dis

tinguishing between contour lines and roads 

will be difficult if only one color is used. 

Color is acLeptable on maps for census purposes 
only if the maps are needed for reference or 
as base maps for the preparation of new maps. 
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Area symbols in the form of shadings, pat-

terns, or colors are not acceptable for maps 

that must be reproduced. Such symbols usually 

cover large areas of the map and cause these 

areas to appear dark on the reproduced raps; 

thus, marks made in these areas or other sym-

bols shown in these areas are difficult or 

impossible to read. 

7.23 Elevation.--Is it necessary that tire 

c Mapsmap show LlpatsioutiaL show elevation 

are cal d topo.rapiric maps otler maps are 


called pliiiimulric iis . F''po,,raphic maps 


(such as tit re 3,o) ar.,useful in the planning 
SLagts, Or cnsu- O'a or 1o11t , 1 the hands of 

i IOWpro foss i ,, COIc wo kcol" to inLerpret 
elevLti.,n so I:, he, ar not god for 

enumeration bcc tse a ) tihk clev't,ion symbols 

tend to ,Iu tvr tiltm and (b) topographic 


maps usually r1: d n1rseveral colors, 


all of wh ich rvproduo:t tno. sarm: ont the equip-

ment that 4ts cncrolivaiiablu to the census 

staff. 


Thjbest aps for mst census purposes 

beyond the planning staipe are planiunetric maps. 

They are less cl uterud, easier to read, and 

rep roduce he tte r. Major topograph: features, 

sulch as moo~n ain 
 tops can he i nd ica ted by paint 

svmboIs; the presence of val leys usuallv is
 
indicated by tihe streams that flow along them.
 

7.24 Other elements.--Area measurements 

should be made on equal area (equivalent) map 

projections. However, on most large-scale 

maps, the distortion resulting frot tie use of 

other projections probably is too small to be 

detected with tile naked eye. Area measure
ment is a specialized operation, and is niot 

done on most census maps. The sultability of 

maps for area measurement normally is only a 

minor consideration in the general map selec-

tion process. 

Orientation aids on maps occur so geni-

orally that they do not help in the process of 

selecting maps. Almost all maps have north 

arrows, a compass symbol., or Earth grid lines 

which one can use to orient the map with other 

maps or to determine directions on the ground. 

However, if a map lacks such features, care 

must be taken to assure that there are other 

features on th1e map which can be used to line 

the map up with other maps. City plans made 

by private sources are the most likely to be
 

lacking north arrows or Earth grid lines. 

Earth grid lines and coordinates aco dv

sirable because they permit the area on the 

map to be easily and quickly located In rela-
Lion to any other area. 'rhey also can be used 

to determine directions on tLite map and as a 
basis for calculating the map scale or con

firming tite scale already printed on tire map. 

On small-scale maps, grid lines and coordinates 

may permit the analysis of distortion due to
 

the map projection on which the map has been
 

made.
 

The name of the map projection oi which 
ithemap has been made should be on the map. 

This permits tile map user who has some basic 

knowledge of map projections to valate the 

suitabilitv of tie map for his particular pur

pose. Since all map projections have some 

type of distortion, the user can consider

whether the kind, amount, and location of dis
tortion due to tie particular projection will 

have any significant effect upon the Intended 

use of tihe map. fowever, m1al1project ions have 

significant effects only upon smail-scale inaps 

covering large areas. 

Hlas the map breen copyr ighited? A govetrn
merit map normally can be reproduced or used 

roue rnd it lega pr Ie lprepa rod and copy r ghted by a,jr ivat e party maor 
company normali, requres erission for Its 

use. Goveriment or other uncojyrIghted maps 

at( preferable, as long as other considerat ions 

are favorable. 
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Additionally, such items as date of publi-
 A map evaluator has many elements to 
con
cation or preparation, date of the basic photog-
 sider and balance. There is 
no one rule or
 
raphy (if made from air photos), and map source 
 procedure that can be given. 
Practice and exare important items of information. Generelly, perience are the only ways to develop the good

recent maps are preferable to older maps. 
 sense for evaluating maps from various sources.
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Chapter 4. AERIAL PHOTOGRAPHY 

1. INTROIOCTIOV Aerial photographs are pictures of the 
Chapter 4 deals with ','aVS i.11 hcl natural and man-made features on the Earth. 

informat ion obtainvd irm aerial photography In this respect, air photos show what actually
(air phte) can he usLd to prduce, update, existed on the ground at the time the photo
and supplement maps for ctensus taking. It graph was taken. Photographs have shadows,
 
discusses aiSOItLe interpretation of air 
 color, tone, and texture; the user must learn 
photos ,ii the :eh a skill that is needed to interpret them in order to identify rivers, 
to tra at tKt pnwtos Int, , mas for census streams, hills, highways, railroads, schools, 

, -. 1houses, 
 and other features.
use., A r I :r ..'i . s i rresource which 

t e c nsu s i s lh,,'ed con i der when existing 2.1 Btef h sto.ty of aetA aC photogtaphy 
maps i€,r an .r :i,.,t i.itisfactorv. 

L:ace,,'v is -- The history of mapping covers severalsily vsu!rereenais , visual representa- thousand years.Lionl of variousq ,:harooLLrist lea of tihe Earth's However, the use of aerialphotographs in the preparation of mapssurm aces rL-c rd~ r ande sns ing inst ru- sketches has developed only within the past

lments. "es tnstilqrAl~in: are sens itiye to
 century; progress in thecerta in t'.';,e' s f el ,'t r,-:acnet ic energy from use of aerial photographs for 
census purposes has come about
the Earth. lK2 MOst faniliar form of remote only since the late 1940's.
 
sens inc is rid I TOto,;lriph" which produces
 
an imaon ';,.r'. : f il through the use of By the middle and late 1800's, pictures

camera ltm:s a.'t :. Neer and less familiar of the Earth's surface were being taken from
 
types 
are tne various electronic sensors which kites and balloons to examine the movement of
 
record dita .as -lectrical impulses. Later, enemy troops 
 and to learn about the layout
 
these impulsL-s art: reproduced in a visual form of cities. The development of tie airplane
 
photographicali. or electronically. 
 in the early 1900's provided a more reliable 

and mobile platform for taking pictures.Chapter -4 discusses aerial photography, Thefirst known air photos for mapping purposes 
which is imaery that is received from air were taken .just before World War [.
craft. Imager,' from satellites is covered in 
chapter 14. Some e.'nerimental base maps and land use 

2. !SACKGROVD maps were made in the 1920's and 1930's, butit was not until World War i that photo
Aerial photographs differ from maps in interpretation techniques were developed,

that they do not show names of streets, roads, refined, and systematized. At the same time, 
or boundaries; nor do they have symbols which the need for maps increased greatly and pro
are explained in a niap legend. On the other duced a rapid development in both the use of 
hand, map.; frdiiarilv do not .how all of the aerial photographs for ipapp ing purposes, a. I 
natural and man-made feature.,; as tie'.' exist on the techniques for making maps from air photos. 
the ground. These techniques were further improved to 
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permit construction of contour or terrain maps scales most used in census work. This is 
from air photos, tls reducing the need for 
expensive and time-consuming ground surveys, 
Some modern maps are little more than com-

posites of several aerial photographs which 

expected to change as more detailed imagery 
becomes available (see chapter 14). In the 
future, there will almost certainly be greater 

use of both aerial photography and satellite 
have been corrected for distortion and which imagery, not only for censuses but also for 
have additional information superimposed on other statistical programs. 
them (see figure 4a). They are called "ortho
photomaps" (ortho-photo-maps) and are produced 2.2 Sowmceu o6 photos 
by advanced and expensive equipment (see Almost all land areas of the world have 
section 4.21 for details on the procedure). now been photographed. Most of the photos are 

In recent years, rapid development has those taken by or for official agencies of the 
also occurred in the techniques for obtaining 

imagery from satellites. As yet, satellite 

government. These include national 

services; ministries of agriculture 

mapping 

and for
imagery has not been used extensively, mostly estry, mining and mineralp, commerL-, trans
because of the limited detail available at portation, and trade; military organizations; 

'4 . ''.,l r .... . ; )NAPZ" .'' 7,T" S '+ ID . . .. 
F t.':4,a. AILY IAL, 

AERIAL PHOTOGRAPH ORTHOPHOTOt.AP OF SAME AREA 

, ,
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national and local planninog agencies; conser-

vation offic ials; river basin authorities; and 

city 	 governments. As w~ith mapsomSe p~hoto 

ser ies are of ttre.-t value for census work, 

whereas others are not. A thorough search 

shoul.d hte made, in order to find all photogra-
ph,; that ,.%aiiahto ,ndIs -- usa!ble.
 

on occasion, oxistin,,, maps or photcgraphs 

for a sp1Oific arts r ia Attxtplocality 
ot
inderg'oLIn, rapid lha.)Sris~lactory, 


for cons0 uw. In S1i!cit caet ta _iIIg neLw 
photos ol th t'iea mv be thte solutioi. 'se-

ful phoco .,s -;uet iMLes can be taken from a 

small plan. 

3. (:'NSI!VNAT1'kS FOi CEN.SIS USE 

Aksw-ith most techniques, aerial photog-


rapilvhas advatiais a,nd d isadvattages for 

purposes of' ! census. hev Should be carefully 

considered ard evaluat.d by the census planners. 

Cost als'9, sheid Levt ,olls iderat ion,. 

3. •. €-
3. 1 " 

{ipor,d ~'.itmiaps , aerial phe.;o graphs 

ha've sev,.eral[ ad'.;a~lti;u. f.sr ccnsu;lsgpurl~osc, 

The pritcina! ,d\' tt'ce in clu, tht f,,liing: 

(1) 	Air ph ,,Los ;o.' ),rest d,-al, i er.-'

rot
,0 ,n ti"e piiot,,; tLrrcr, tile.' 

cot.cttil.d in: orm ion tanof 
canl !,(.oi-Li "I -rom rooht t'& -; 

(2) 	Air photo,-; ar. , rll , il tile sense 
Lton t thev. sniw r e t ores as tile,: actually 
e: is t , in c.rrect relhationship to cach 
other. %lthough it ma-, he difficult to 
interpret, the infornat ion i4 there. 

(3) 	 Air pie tos~ curt b, preduced quickly. If 

ntcessary, piltur. canl be available within 
24 hours after the airplane takes off on 
a photo mission. Since air photos take 
less time to make than maps, they can 
produce a more up-to-date representation, 


(4) 	 Air photo information is concurrent; that 
is, air photos provide information on 

roads, drainage, vegetation, industrial 
buildings, houses, etc., as of the same 
instant in time.. 


3.2 	 9.&sadvantages 

Aerial photography has some disadvan tpes 

compared with maps. As with any choice of 

procedure, the disadvantages should be exam

al dn.t.tned and evaluated in terms If the final 

objectives to be met. The major disadvantages 

include the following: 

(1) 	 Air photos contain more dletail IsL1than 

needed in a census operation. The un
necessary detail may make it difficult to
pick out featui res t2hat are illlportalt to 

census ope rations. By1way of Contrast, 
a map maker can choose to elimillate cer
tain details and to highlight others, 
thus Making a map casicr to read. 

(2) 	Special training is required to inter
pret and use an air photo. Things are
 

.eCO Irom in unusual position and color 
tones may .c,isleading if the photo is 
too dark or too I ight. Moreover, photoslack names; ind features suchias streets,
 

roads, rivers, and buildings are not
 

labeled as they are on a map. The geog
rapl staff must therefore obtain this 
information frm other sources and match 

it to the correct features on the photo.
 

(3) 	 On air photos, some features cannot bedirectly 
se-en directly. For examnple, streets,
 
houses, and streams may be hidden by
 
trees; other features may be hidden by
 

extensive cloud cover.
 

3.3 	 Cot
 

Cost of the mapping operations must be 

considered in relationship to the total cost
 
the census program and the cost of actlv

ities which are to be carried out as part of 

a contlnui- g statistical program. Whether 

aerial ph. ngraphy is more costly or less 

costly thaa conventional map preparation de

pends on several factors. if no maps exist
 

for an area, it may cost less to produce
 

aerial photographs than to construct maps. 
The same may be true if existing map-i are 

seriously out-of-date. On the other hand, if 

there is a shortage of resources for Laking 
the photographs and interpreting them, drawing 
sketch maps of the area may be the best solu

tion. The NSO should examine its resources 
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and 	consider both the short- and long-range 


benefits of using aerial photography. 


3.4 	 OtheA co6idmti 0 

In some countries, defense agencies have
 

aerial photographs but, for security reasons, 


they may not release them to the statistical 


office that is responsible for the 
census. 


The sane restriction nay apply to certain 


types of maps. 


Another consideration is the scale. 
 Air 


photos often are taken at small scale and do 

not 	provide the detail required for census 


purposes; the same can be said for maps of 


small scale. On the ether hand, enlargement 

of air photos may make more detail readily 


visible; but the same 
cannot be said of most 

maps. 


4. 	 USES OF AERIAL PHOTOS 

Aerial photos can be used in several 


stages of the census--in planning, in data
 

collection, and to 
a certain extent 
in con-

nection with publication of the census results. 

This section describes of thesome thatuses 

can be made of aerial photographs and the con
siderations involved. 

4.1 	 Lpdattjig cens" niap6 

Changes in nan-made features, more than 

natural features, cause maps to be outdated-

new 	roads are constructed, new settlements
 

appear, and urban areas expand; on the other 
hand, some landmarks and streets disa#Ipear, 

boundaries are moved, and houses are torn down. 

For census use, map.; that are as up-to-date 

as possible are needed to assure that EA's willbe of approximately equal population size and 

that features used for boundaries still exist. 

EnLumerators will have difficulty locating and 

identifying their EA's if the ground features 

have 	no relationship to those shown on theIr 

maps. The field staff should be warned, how-

ever, that some of their maps will not be com

pletely up-to-date, particularly in rapidly
 

growing areas, and that corrections may have 
to be made in the field.
 

Unless a census is being taken for the
 

fist tine, naps from a previous census are
 

likely to be available. These can often be
 

used with little change. Even if much change
 

is necessary, it is usually easier to 
revise
 

an existing map than to construct a new one.
 

Existing maps can be updated either by going
 

to the field or by using air photos--or by a 

combination of the 
two. Some field checking
 

is generally necessary in any case, but it can
 

be kept to a minimum if aerial photography is
 

available.
 

Updating existing census naps is one of
 
the most important uss of air photos. I" a
 

census map of an area has already been made-
even 
if it was made many years ago--much of
 
the necessary work of producing usable maps
 

for the present census will have been done.
 
In 
areas of slow or 'aderate change, an old
 
map may be usable without revision; but in an
 

area of 
 rapid change, it will be necessary to 

update it through the use of supplemental 
information such as 
local administrative re

cords, other maps, and air photos. If recent
 
air photos are available, the geography staff
 
can update 
 an old map in a fraction of the
 
tine and for a fraction 
 of the cost that would 

be needed if other methods were usei. 

The 	 procedure for updating is as follows: 

(1) 	 Orient the existing map with the photo
 
for the area. It is helpful, but not
 
necessary, if both are at the same scale. 

(2) 	 Review the features on the map to assure
 
that they appear on the photo, either the
 
same or changed. For example, new fea
tures may have been constructed or old
features demolished; shape or location of 
some features may have changed. 

(3) 	 In the same way, compare the photo with 

the map. 
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(4) CarefluLII plot all chant.teS on the map 
If the Map and tile phioto ae at tile saeln 
SCale, tl'aCo the cltanvcs diroetcLiv on the 

map by p lacill tile m1apoiltop of the 
photo and usin I ;I i. gh t Lab L2.1 If marks 
Al*! 10 h' :ht on t11 photo, it o a;Imaps,g,'t1Se
toriI orTcatho r olh~t in,.e rhat is rubbedf0,11 	t . 10 1 )can 

if t he photo tld 'ih,;:,apare at difI rent 
S t 1h1nVes pro-thel! baSinl ga 

porFt io't' L, \'Jr or otethvr SCaIle-Chantgihg 

AIev l .1a 'te V the cZnb rep rodced t cI.i , photopi'oto 	 labo ratory at 

thhe i 1! 1a some Clses, 
tihor,................LctOS that it wiill 
K 0 L.t 11" neI maipl% 
ba.cd ,m ht, 'LrLto. 

(5) 	 Add LO C,' t '11'11:12 01 :Ili:avs 
Str 	 ., *.L~ i,.ttatlandmarks; a f ield 

, , this step. The':a.). e.?-< r 
mIap cop,' iI a n% mainuseript 

(3) 	 :o''t r . "roduc ib 1c map

(tia :,o , e',5~ > ti arieinal :or
 

nru., ' c- u < L sa..:e *¢m-:05'7~i 	 otheri"!4 r LLs.d far 
,. 	 ,, .. 


Maps . ..., c. l,:1 se indicated 
, 

on 
-:;am:!'t
th,. ::.,. 

igre -I i ~t rat i , nart ion of a map 

that 	",'as upated f A:1, phoCL. Tihe map 

at the t('a.o ts :,st recent map on file, 
Us ine the , 'i' n L:: .riuL phot, it 

was cA- 1i 	 n below the 

photo. ,.: 1',:::< ' ohatp , tLe area 

n'iterL. 	 rottr- Adde-d oF dlted iS ctit-

Iined 	bv ,,rokien I n1sthe :ari anJ the pitoto. 

The , ti G'.iuu of UsLitg all1V tdv..ttge 
aval ~l .!,i i,,t, i1,pdae naps is tle 

sayvingf t.ir.e ,, .'. ::p ,.yeand time-

u;ia reduced:Lk .: ,m_,-::
CO~. l~]I ' cu b:h0 r du ed or even 
em t.'iof ttsir is 

ens hr titin fiid teehn idues to measure dis-

taunc's, to 'c,' .' . t a,-, or to estimate the 

number 'f hof ,i nits or fruit trees. On 

the other haind, if photos are not already 

avall.;ih,, tiLt ost of flvitg the plane and 

producing them must be considered, 

Refer to chapter 10 for ,,,de:;czriptionor 
equipment and chapter 6 for map compilation. 

4.2 	 P2RcpaALtb ba.se uap5 

A; their name suggests, base maps are 

used as the basis for EA maps, other fLeld-use 
and certalin publication maps. Base maps 

be made from aerial photographs if there 

are no maps for the area, or if existing maps 

are of poor qual ity or too old. Even small
scale photographs and satellite imagery can 
be used to make rough base maps if no other 
information is available; in such cases, addi

tional information often Is supplied through 
field work.
 

Air photos can be used by census offices 

to make base maps of small villages for which 
large-scale maps are lacking. Reasonably 
accurate maps 	 can be prepared for small areas 

.Ifnot too many photographs are involved (for 

example, no more than five or six). 

When 	a larger area needs 
to be mapped
 

from 	aerial photos, a photo mosaic is required. 

The simplest mosaics are those where photo

graphs are joined together visually with little 

or no attempt to match them with any ground 
control (technically, these groups of photos
 

should not be called mosaics). They sometimes 

prove of great value in census work, since a 

base map can be traced from these uncontrolled 

mosaics, which are accurate enough in their 

relative proportions. 

Sometimes more precision is needed in
 

mapping large areas when their features must 

match those shown on maps of adjoining areas. 

In this case, a controlled mosaic, or other
 

mapping procedure using aerial photographs,
 

may be 	 needed. This involves photogrammetric 

procedures, which are beyond the scope of this 

manual. The national mapping agency should be 

asked to assist the staff to prepare any maps 

requiring precision.
 

4.21. Orthophotomap.--Oae way to make a
 

base map from a photo is to make an ortho
photomap, which is illustrated in figure 4a. 



+
LJF'I)A II V ;MP t+OF+AI 4R .A 
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As discussed above, o-thophlotomaps are made by 

correcting air photos for hori:ontal. displace-

ment, which results from variations in eleva-

tion and angle of view, and adding symbols or 

emphasi7ing certa in fCaturCs. Equipment for 

tile process uses stOreopairs of air photos to 

produce a pllanimetricallv correct co~mposite 

photographic ir.ge, cilled an orthophotograph. 

Selected fvatlires on this imaze (such as rmajor 

roads, sLrva , important hils, or mountain 

tops) are. cmphnasizLed '.' a (h. ifll COf nt tOnal 

cartographic sv.,bols and nano,; . Somet imes 

con tour 1i;ES are added. The final. product is 

an orthooto-,p. As amv r map, it 

shud2.t1vhdkdiltnfieLd 


should bte chkd in ite field and corrected, 
if "ucccssarv. .' l~nCo,%-y o tile corrected 

Map Sh101d....h ~l~t U it is reproduced, 

Bet:anst tao s:c:i.aII equipment that is 

used Lo ;rd1'c E::C :naps is epensive, cen-

sus or1an1,at ions d:iot usually invest in tile 

equipment. , t orthophotomiaps are made and 

distriut,d nvati.,'nal mapping agencies or 

geographic in i tsti 

22 Photo tracinO.--Another way to make 

a base map is by tracing one or more aerial 

photographs or a photomosaic. Not all of the 


features need to he traced--only those that 


have some bearing on census activities. As 


a rule, only linear features such as streets,
 

roads, railroad tracks, rivers, and power
 

lines are marked i thle tracing. By way of 


contrast, orthophotomaps contain all features, 

including vegetation. 


Tracings may be made from small-scale 

photos (and satellite images), but the results 

may be inadequate for census purposes, such 

as EA delineation. On the other hand, tile 

scale may be so large as to produce a bulky 

map. In either case, a more useful tracing 

can be produced if the sLale of the photo is 

changed before it is traced. 

Figure 4c illustrates 	 a tracing made from 

a photo. For FA delineation, the scale Is too 

small 	 to show useful detail for the settlement. 

Therefore, tile part of the photo containing tile 

settlement had to be enlarged and a new t.racing 

made as shown in figure 4d. 

After a tracing has been made, it should 

be checked in tile field and appropriate carto

graphic symbols and names of features should be 

added. A clean copy of the tracing should be 

drafted before reproducing it for distribution.
 

4.3 Suppementingy EA 	imp.s 
Even where reasonably 	 good EA maps are 

goodorrcted
available, air photos 	 can be useful to sup
plement tile information shown on the EA maps. 

In census evaluation surveys (which measure 
tile completeness of the enumeration), aerial 

photographs may give clues to places that were 

missed in tile original enumeration. The photos 

should be reasonably up-to-date.
 

4tutesg o,5 EA iap.s 

Aerial photos can be used directly as EA 

maps. When used for this purpose they should 

be as clear as possible, with little follage or 

cloud cover. The photos must be prepared in 

the same way as n.-,ps. They should be annotated 
with north arrows, ;praphic scales, names, and 

boundaries. Important landmarks should be
 

marked. A disadvantage in using photos as EA
 

maps is the training that is usually required 
for the field staff. 	 Some countries have had
 

no problem with training; other countries have
 
had little or only moderate success. 

4.5 	 '65ti.ting popuation oita icufttat 
hotdings 

After tile base maps are prepared, census
 

planners must use estimates of population (if
 

a population census) or estimates of agricul

tural holdings (if an agricultural census) to
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TRAC ING OF SAM.E AREA 

II 

'~0 

I 'I,
 

• ( ,--/ / 

).,
 

5-.---. 

Sorp:i,: ?" .. w'in, frcoi photo on preceding. page. 
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Figure 4d. ENLAIR'GED A1? PHOTO AND TRACING OF ENLARGEMENT 

ENLARGED PORTION 
 TRACING OF ENLARGED PORTION
 

Source: De'ense .arrzing Aenci, U.S. Dcptrent ?' Defense. 

delineate EA's. This information usually is 

obtained in the field. However, 
if photos are 


available, these estimates can be approy'imated 


by counting the number of housing units (flU's). 


For purposes of the population census, an esti

mate of population can be made by assuming an
 

average number of persons per IU, 

To make good estimates, the photos should 


be current, they should be of proper scale for 


interpretation, and there should be little 


foliage or ground cover 
to hide dwellings, 


Moreover, it is sometimes difficult to tell 


whether a tall building is an apartment house
 

or a commercial structure. For multiple dwell-


ings, it is not always possible to estimate the 


count of HU's (and population) very accurately. 


4.6 Identi4yqng isotated settements 

For census purposes, one of the most im

portant uses of aerial photography is to reveal
 

theexistence of settlements in remote areas.
 

Settlements unknown to the 
census staff often
 

appear on the photographs. Usually they are 
small in terms of the number of inhabitants. 

Larger settlements are more easily identified, 

frequently because of a more compact pattern
 

of roads and streets. In some respects, this
 

use of aerial photos is part of.the process of
 

"updating census maps."
 

4 Veteating 5tat tAcaf aAeao 

Air photos can be helpful in outlining
 

the boundaries of certain statistical areas.
 



65 
Chapter 4 
 AERIAL PHOTOGRAPHY 


These would he areas that arc defined in terms 

of transpo rLatLion pat.turns, types of hious ing, 

various land uses' or other characteristics 

that can be ideutificd on an air photo. For 

examp1le, the urban fringe of a city may be 

defined to inc ude the built-uLp area with 
connect ing hi ghwavs to the? cenitecr of the core 

city. On the ,hilerhand, if tle concept of 
a statistical area speci fe: crtain economic 

or social clarac tri;ia examination of the 

features on an air p moomav useful.not be 

Chapter 15 discsse: in detail the criteria 


tor estabi ishin ai i areas, 


4.S S ! ( ,. .' M Co.,a 

Surve. ci,'d, ;:as:o r aL,;:Lplt .sIrve'.s eo n 

require th.t h,_ ::niv,.,rs,. b, s t r tif i d and 
SampI.u: 11"d2 5 . :r":".o , t str'atum, For
 

provide a :iar::- ',ir di f:erent iatinc between 
forest, pa..tiurv , crol-Oai,.C, .ind li,..1oher :e. 

Chap ter I3 i e ;:' t o. Ua>of0' and a i r 

photo,, for co : c- in'. s;::'pie surve?'s.
 

5. K1'VgS gF PHfOT, >PaPtlS 

PhoLtographs ' c the camerai,.taken. ,ith 


pointed r do-: (vrtical) or at an 


angle (obliqa,:. .ert i.cal :toir!Lu are 

the rust u,cful ilnd:7st co.non. At present, 


hiigh alt itude Pi(,t,r;iph-.., radar, and satel-


lite ima:erv ire. all , used for census work but 

only ni a li it d ba is. Chapter 4 is con-lIt 
cerned mostly witlvetclarposan

h vertical air photos and 
their uses in a census. Thie other kinds arc' 

defined but nut discussed in detail.
 

5. 1 Ventica phc'Cgrapt.s 

Vertical photos are taken by cameras thdt 

are pointed directly downward. Balloons or 


helicopters 11-kv
be used, but most photos are 

taken from airplanes. Generally, the scale 

of the imagery depends on the height of the 

vehicle above the Earth. Photographs taken 

at a low altitude result in relatively large

scale imagery, and high altitude photography 

results in small-scale imagery. When similar 

cameras are used, a picLure taken at a higher 

altitude will cover more ground area than a 

picture at a lower altitude.
 

Vertical photos are most accurate near 
the center of LIhe pi~cture, AL tile edges, 
objects are photographed at a slightly oblique 

angle. Roofs of huildins are seen in the 

center of the photo, and sides of buildings

(as well as roofs) are seen at the edges of
 

the picture (refer to figure 4x). This is not 

critical factor in interpr.'tsclon, but the 
photo user should be awa"a of this difference. 

5.2 0b4-qte l.,ht,,g Lh 
Oblique photographs are taken with the
 

camera pointed downward at 
an angle which is
 

not vertical . Figure 4e illustrates the difference between vertical and obl.1 quo aerial
 

pho tographs. A low oblique photo has a rela
tivPoI small deviation (about 300) from the 

vertical; a higher oblique pho to has a rela-

SLively large deviation (about 60°
 ) from the
 

vertical. For example, a passenger in an 
air

plane who takes a picture of the ground that 

is immediately beneath thc' airplane is taking 
a low oblique photo; if he takes a picture of 

something on the far horizon, he is taking a 

high oblique photo.

is difficult to make maps from oblique
 

photos, 
because the scale varies. 
 Accordingly,

vertical photos are used 
if they are avail
able and otherwise accepta~ble. 

5.3 Hgh attiude photogtaphy 

Generally, flight altitudes for mapping
 

operations range from 2 to 10 kilometers (or
 

about I to 6 miles). Flight altitudes above
 

10 kilometers yield what is considered "high
 

altitude" photography. Even though the opera

tional costs Increase rapidly as the flight
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VERI ICAL PHOTO OBLIQUE PHOTO OF SAME AREA 
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A 

alt ituide incr -ases,t:he are. that is c VO',red from high alt iLudes may be tnIar,t.v, ' it LitLIe 

by any single pho LgraphI Is increased oven difficulty to Sea I isof ;ipp rex i aLe'lv 1:2,00 

more raptdl.y. lien ce, high al.Liitude photography to 1:50,000 for census work in riral areas , and 

usua1.l.y results in good coverage at reduced may be enlarged Lo sea ls Such as 1:10 ,000 for 

coIsus work i.nurban areas. 

uring the last 10 or 15 years much prog

ress has been made In photography. It is now 5 I 

possible to Lake high alttitude Iphotographs at Another fairly recent technique for oh

scales of 1.:60,000 to 120,000, whi ch can tain ing Information similar to LhaL conLained 

cover several. hundred square kitomoLers (1.00+ in air photos Is radar. Most commonly t. ed 

square mi.ts) and whi.ch can b en larged 5 Lo side-looking airborne radar (SILAR). Deve loped 

1( Limes witlhout signi.ftcanL loss of deL,1ai. during World War Li and mod ified for survey 

taken work, airborne radar has some avan t0age1s over 

unlt-area cost. 

i'hotographs or porLtlons of phoLtographs 

i 
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photograph.,,. It can funo ion ,t nigh t or in 

cloudy WOathLr', it can cover a lIrge arca 


rap i dv ;Mid it cal p rdllc ima cos wlhich have 
no s %1!1 tion. 11-1' onevari SOuIrCk'c LltWgy is 
the rada.- Iin4t4,'-ut rathir than the 
SUn . int ,.rt a i ci'roti tis, radar is 

able to d t i.iLt' .r'ud ob,0cts better 
thanl a pht cr~ 'e:[lure . In areas 

with cll 't ;dcv'*r .idL!i imatvry has 
bt'n 1. d I 'v * 't ed improvement 

:7:1 r1su, t 11 in,'reasLd radii foi- Cen-
SLIS ork,, par!- iiv in; A-ai ; e re c loud 
cover is . ,.. . 

01k A 

"46 


5.5 S, 


SateL1 i sinal differ from aircraft 
images in several wi.s. They are smaller in 
scale and reyca iles det;ail i about any given 
area. On the ,,the r hand , they produce sepa-
rate images in di fferent parts of the spectrum 
and can pr'i de re t..it ie coverage wh ich may 
help to identify' som.e fcatuires and monior 

changes. These areimages described in more 
detailt inetmchaptpedonrhe 

detail Ii chapter 14. 

6. SCALC 

Vertical photos suitable for census work 


usually vary 
in scale from about 1:60,000 to 


1.20,000 (from about I.inch 
to 1.mLle to about 
: inhes to I 111:le or frol abotit 1.7 cm to I km 
to about 5 cm to I hi). Figure 4d1 illustrates
 

tile advantages of obtainling enilargements of
 
critical areas. 
Clearer detail 
is available in 
the el arged (or large-scale) version, iiaking 
it possible for census photo Interpreters to
 
obta in informAtion that 
Could not be obtained
 

"1"0111
the small-scale photo. 
 For example, tile 
Street patterns :ire Clearer and buildings can 

be identified and classified more easily. 

l.arge-scale vertical photos of urban areas 
may be the most important form of air photos 

used because tihey can he converted into map 
form by simpl' tracing streets and other 

features. For censuses, the cost of obtaining 
large-scale photos can be relatively high. 

Ease of interpretation and use must therefore 
be balanced against cost in deciding whether
 
to use this scale of photography.
 

6. 1 Cafcutat .q ,cace 

Since an aerial photograph is a perspec
tive view, it is possible to determine only
 
an average scale the
across imagery. The
 
scale varies according 
 to the kind of terrain,
 

the elevation of the surface, 
 the altitude of
 
the plane, the focal 
 length of the camera, and
 
the distance from the central 
part of the photo
 
(part directly beluw the camera at tile 
time the
 
picture was taken), 
and the varying tilts of
 
the plane in flight. Slight scale variations
 

do not present a problem for most uses.census 

The horizontal scale of a vertical photo

graph can be expressed 
 as a ratio or fraction,
 
in the same manner as scale is shown ol 
a map. 
Usually, the fraction is printed on the photo 
Index, but is sometimes stamped on te photo


s 
 ho.
 

itselF. 
 Where the fraction Is not available, 

it can be calculated from other information.
 
Often it is possible to calculate scale from
 
other marginal Information on the photo or on
 

the photo index.
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6.11 Using camera height and focal For example, if -

length.--To calculate the scale of a photo f = 0.15225 m (or 0.5 feet) 

from these data requires the application of H = 3416 m (or 11,200 feet) 

the geometry of similar triangles. Thus, in h' = 366 m (or 1,200 feet) 

figure 4g, then: 

a:f = a':h Scale = 1 
(3416 - 366) 

where: 0.15225 

a = width of the negative 1 

f = focal length of the camera 20,000 

a' = distance across tile ground = 1:20,000
 
covered on tile image
 

h = height of the camera lens Calculation using the English system will yield
 

above tile ground the same final result. In the example, the 

average height of the terrain was estimated to
 
Fi(u~re .4gf. SC!?/IJ' .. RAWTf,W; FO.A? CALCTATTOj

OF PTO SALE Abe 1,200 feet above sea level. To achieve a 

desired scale of mapping photography, the 

-a- Negative average height of the terrain must always be 

Lens estimated by the flight planners.
I n 

6.12 Comparing map or ground distance
 

with photo distance.--Since scale is merely a
 

way of relating distance in the real world to 

]h distance on a map or photo representing the 

same area, another method of determining the 

scale of a vertical photograph is to compare 

Ground the photograph with an accurate map of known 

scale. With this method, two points on the 

photo are selected and the distance between 

The scale of thle photo can he determined the two points is measured on the photograph. 

directly if thle focal length of tho camera, Then it is compared with the measurement of 

the flying height of the airplane, and tile the distance between the same two points on 

average elevation of the terrain are known, the map; the ratio between the measurements 

The equation Is as follows: establishes the scale of the photograph. For 

Sc 1 example, if the distance between A and B is 

Scale - h 4 cm on a map of scale I and the distance 
f 50,000
 

on tile photo isbetween the same two points
where: 

10 cm, then the scale of the photo is 
f = focal length of the camera 


11 = height (or altitude) of the air- 1
 
plane above sea level 4:1 50,000
 

h' = average height of the terrain above 10 I 
sea level (average elevation) 4s = -,00 050,000 -5,000
 

Note tilat II- h' is equivalent to h (the height 1 

of the camera lens above the ground). 20,000 
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The same procedure call be used with 

measurements on the ground instead of on a 


map. However, it can be used only if the 


strai1ght line distance on the ground can be 


measured (that is, it must be possible to 


travel. between 	the two points on tile ground). 


For best results, tile line between the two 

points *n the photo should pass near the cen-

ter of the photo. 

6.13 Usi oblique photographs .-- Mapp ing 

from oblique photographs is somewhat difficult. 

To obtain oven the crudest kind of sketch from 

oblique photographs requires rather complex 

geometry to dlete rmno tho princ ipal poitnt, true. 

horizon, and a erv'eciive ,rid. The scale 

will vary from larze scale at tile near end of 

tht, i:mager'y to in infinitely small scale at 
the trio hori.v.cn end of imagery. Previously, 

o, tle wOrld where obliquethere were ares 
pluotocraphv. was tue only available basic map

ping information. B..'1970, however, vertical 

tnkn of most of thephotozrapls had(' bn 

Earth's lad surface. Now, with thle use of 

high altitude photoi;raphy and satellite ia

aigery , the ieed for census cartographic per

sonnel to uise! 	 biique photography' to obtain 

inf ormat ien has been reducedcensus mapp ing 


But if tie need should arise,considerably. 


the census cartographic stiff is urged to 


seek help from specialists in photogrammetry, 


probably to be found in tue country's national 


cartographic or geographic institute. 


As noted, the occasion ma: arise when 

oblique photos of certain areas are taken for 

census purposes from mall aircraft. In such 

Cases, the maps constructed from tile photos 

will probably be crude, but the' still should 

be useful for census purposes. T e use of 

this techniique for censuses is limited by ti 

cost and availability of aircraft; but in many 

cases it may prove to be the cheapest way to 

get needed information, 

6.14 .Estinmating scale from phlto fea

tuire.s.--I f no other information is available,
 

an estimate of the si:'e of certain objects can
 

be made and a crude scale can be determined.
 

For example, if it ii kn,1 that most housinug 

units in an area average 9 meters by 12 meters, 

the ground distance for 1 cm on this photo can 

be roughlv calculated. Similarly, the size of 

an athletic fild or standard railroad car, for 

example, may be used as an indicator. In this 

manner, a scale can be estimated. Generally, 

is obtainable knowagencies from which imagery 

the scale of te photo. The individual who is 

ordering the pictures should always inquire 

about the scale. 

6.2 Using waCe 

The most useful type of scale on census 

maps is the graphic scale. It allows the user
 

to measure or relate map distances to real 

world distances. Although this type of scale 

is almost never found on air photos (some photo 

indexes have them), it is oftei useful to make 

one if there is need for much neasurement of 

distance. A simple one (like those described 

be made of paper or heavier
in chapter 3) cain 

is even bettr;Material. Trasparent material 

it permits moving the Scale across te Photo 

Knowledge of the scale is needed for the 

measuriument of area. Area Is most easily Meas

ured by constructing a grid on tracing paper or 

on a transparent overlay. Techniques for cal

3.
culating area are described in chapter 

7. IDENTTFCATION OF PHOTOS 

In almost every case, a photograph has a 

unique identification. It may consist of num

bers and letters or symbols. The identifica

tion Is normally printed in tile top margin of 

tile photo. fa 	 figure 4h, for example, tie 

flight code (TP-3V) and tie photo number (101.) 

appear in the upper right corsuer and the date 

http:hori.v.cn
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Figure 4h. AIR PHOTO IDENTI,'ICATITON AND OTHER FEATURES 

Note: FZliht code and photo zriber--TP-3V-701; 

road tracks; I--Strerwi hidden in wooded area.Source: Agi icuZtural >zbih>;ationand Ce 

of the flight (October 20, 1958) appears in 

the left corner. Unfortunately, the identi-

fication is occasionally cut 
off when a photo 

is trimmed to 
a more convenient size. 


The scale of the negative is not 
usually 

printed on 
th2 photo. 
 There is normally no 

other written information included on 
a photo-
graph, although identifying information may 
be added later, on the back of the photo, to 

facilitate its 
use. When identifying infor-
mation is missing, the user must depend on 

other methods to pinpoint the location of the 
area shown on the photo. 

To locate the area covered by the photo, 

reference must be made to 
an index--either 

an index map or a photo index. A photo index 

is made by fitting together and then photo-
graphing all of tile air photos taken on a 

particular flight (or portion of a flight) so 

that the identifying information 
 of each photo 

shows (see figure 41). An 
index map includes 

some 
ground features, 
the area shown on each 

photograph, and tile identification of 
eaca 


photo. 
 Each type of index has some atvautages 

and some disadvantages. 
Both usually include


additional information such as 

some 

scale,
date, addringinformation.ucoverlap 


Photo indexes contain a wealth of usable 
information, and they can be produced quickly. 

Date of f~ight--!O-20-58; A__i 
 , -.
 

y'.,ain .'CPicX, U.S. Depart;;ent o! .' .
 

if the photos are of small scale, a photo index 
may be more useful than the photograpIhs them
selves. Photo indexes, however, aru bulky d 
cannoL be folded easily to a managealbt: i:Ce; 

moreover, they display all the photos in such
 
a way that 
it requires careful examination to 
select the one which best shows a particular
 
area. The index map avoids some of the-,e 
shortcomings by simplifying the base informa
tion (roads, rivers, etc.) and by clearly 
indicating the approximate area shown on each 
photograph.
 

The problem of accurately showing the 

exact area coverec by each photo.4raph arses 
because all photos intentionally overlap. 
To
 
provide continuity from one photo to the next, 
and to 
provide for stereo coverage, each photo
 
overlaps the adjacent ones by 30% to 60','.
 
Showing this 
overlap is impossible on photoa 

index, and difficult on an index 
 map. A photo 
index generally shows only the upper right 
portion of each photograph. 
This portion
 
represents approximately one-fourth 
 of the 
total area contained in the photo.
 

Figu~re 4j shows a typical example theof 

which results from standard air photo
coverage of an 
area. 
 Any point in the area
 
will be shown on at least 
 two photos, and
 
may be shown on as many as 
 five or six photos. 
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Figure 4j. DIAGRAM OF AIR PHOTO Figure 4k. DIAGRAM CONTRASTING COTPLETE
INDEX, JLLUSTRATIIIG OVERLAP STEREO COVERAGE WTTII ALTERNATE PHOTO 

CO VERA GE 

-15 Gs.vw 
 STEREO ALTERNATE
 

2-16-r,'*- GS4P42S7 

, 14 _ 

ssvv 2.111 iI 

L..--

Source: U.S. GCO.oickd Survey. 

must keep in mind that a particular photo will 

show not just tie area visible on the photo 

index, but also a considerable area below and 
to the left of the area visible on the photo 

index. Note the area covered by phntunumber 
2-18 in figure 4j; note also that, in this 

case, the photo number is placed in the center 

at the top of the photo. If a user desires 
stereo coverage of an entire area, he would 

obtain the complete set of photcs in order to 


have complete coverage of an area on at least 

two photos. If stereo coverage is not needed, 

it would be necessa-y to obtain only alternate 

photos as shown in figure 4k. 

Most air photo coverage is shown so that 

the photograph can be used ste.eoscopically. 

However, ordering a complete set provides the 
interpreter with more photos than are normally 

needed for census work and will approximatcly 

double the costs. Ordering alternate photos 

will lower the costs. 

I -1 C _Vr 4.25 1.21 3 22VDW 

.R2. N. UO F"' RTO 

Source: U.S. aeological 5",trvey. 

8. TRAINING IN USE OF AIR PHOTOS'!
 

Identifying the features shown on air 

photos and using the photos for census takingrequires some training. There are 
some formal
 

courses in air photo interpretation that are 
taught in universities and other training cen

ters around the world. Such e:xtensive formal 
training, however, is nt necessary for census 

work. A brief introduction to a few funda

mental principles plus some experience in 

working with photos should be sufficient. 

It should be recognized that photo inter

pretation is largely a process of proceeding
 

from the simple to the more complex. To iden

tify particular features, the interpreter uses
 

tile characteristics of the features plus an 

association with other features and contrast 
with the surroundings. The successful inter
preter brings to his work an understanding of 

2This section is based mainly on John E.Estes and David S. Simonett, "Fundamentals of 
Image Interpretation," inSensing, vol. Ii, Ch. 

Manual of Reanlte
14, published by The

American Society of Photogrammetry (Falls 

Church, Virginia, U.S.A., 1975).
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the nature of many features (houses, factor-

ies, roads, rivers, etc.) and an ability to 

imagine what they must likelook from a point 
0of View hiema' have:not expe r Ieulce, b- fore. 

e should start wthiohbjects which are already 

very amini r O I-h othr types Of 
buildings, roads, r ix ers etc. --and pact~tice 
findinug them. 
 TIhcn hiecanl m~oveLon to other 

types of features and areas, such as ficlds 
of grain, forests, iirports, railroad yards, 
and numerous other :vpes of ;eattlres with 

which lie is less familiar. M)any of these may 

be unrelated to census work, bu ita 1,ood inter

preter rei')4L 1 2zes most of the features on air 

photos and uses them to help understand other 
feaItures, 1'11til ht:knWS \hAt a lVatre is, 

at least in a .-enril wa'y, the interpreter 

will not know wther it is significant for 


census work or rot 


The bcin lug interpreter should examine 
characteritstitcs cf feaures within a limited 

area in a systemtic fashion. He should also
 
study the various 
 shapes of features, their 
sizes, and their tones. As he builds up a store 

of information about his limited area, various 

pieces will fall into place and he will find 

that he has developed a comprehensive under
st~ading of thle landscape.
 

The interpruter for census uses is inter-


ested primarily in linear and point features.
 
Linear features, such as streets and trails, 


are the means of getting around, or they may 

be barriers, 
 such as waterfalls and mountains. 

Linear features are usually' used for EA bound

aries. Point features may no buildings. parks,
 
or other landmarks. In a population census,
 
the map interpreter is concerned with point 


features (houses or other buildings) where 


data for the census are collected. In an 

agricultural census, he may be interested in 

interpreting areas for various crops. The 


photo interpreter for the census may be able 


to do his job well by recognizing mostly point 

and line features, but he will. learn some

thing about other features in the process.
 

The interpreter should have access to
 
various types of reference material. Kaps,
especially topographic maps, will help him to 

establish the location of the photograph and 

will permit him to identify and name highways, 

rivers, and other familiar features. The use 

ok photo-interpretation keys also can 
be useful. A key is like a map legend; it shows 

what a previous interpreter in this or a
 
simijar area identified in terms of the fea

ture's characteristics. FrequentLy, keys are
 
showna pictoriallyv. 

Field work should be carried out in con

junction with photo interpretation. ihoto in

terpretation reduces the amount of field work 

that is necessary, but it does not eliminate 
it. The field work serves three purposes: 
(a) provides all opportunity to Obtain names
 
for features, such 
as roads; (b) permits tile 
residue of fea'tures which have not been inter

pretud to be precisely identified; and (c)
 
maks possiblVa quantitatie evaluation Of
 

the accuracy of the interpretation. Field
 

work is important to photo interpreters,
 

especially during their 
period of training,
 
so that they can 'iee 
what kinds of features
 

were hard to identify on the photo and why.
 

9. IIENTIFICATION OF FEATURES3
 

Like Sherlock Holmes, the fictional de

tective who could make judgments about people's
 
lives by observing their clothing and their
 
appearance, a highly skilled photo interpreter
 

3This section draws heavily on Norman Carls,
 

"How to Read Aerial Photographs for Census Work,"
U.S. Bureau of the Census (Washington, D.C., 
July 1947), pp. i-44. The pamphlet was pre

pared to assist census emplovee., whose work involved the use of aerial photogriphs in census 
planning and in field wet... Although the use 

of air photos in census work wa.; in it!, infancy
at that time, the pamphlet remains one of the
 
best sources of information on this subject.
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can put Logether an amazirg amount of data 

about the activities and characteristics of 
an 


area merely by observing details found on an 


air photo. Census personnel will find that 
some familiarity with obtaining information 

from air photos will be very useful in dealing 

with census mapping problems. For example, 


identification of dwellings, roads, streams, 


high mountains, bridges, and the like enables 
the mapping staff to delineate EA's of reason-
able size and with identifiable boundaries. 

Identification of landmarks such as schools, 
monuments, parks, industrial buildings, etc. , 
can help the field staff find the EA's. 

Understanding the use of aerial photo-

graphs 
 to the extent needed in census work 

should not be difficult. 
 In the case of the 
vertical photograph, which is the type most 

frequently 
 used, a major problem is that the 
picture is different from the kind most people 
see. Tle vertical photograph is a picture of 
the tops of things and not the sides. For 
example, a pointed monument set aon square 

base would appear as a square; but after rec-

ognizing and measuring tile shadow it casts, 

it is possible to determine its height and 

understand Its shape. 
 Secondly, things look 

small because the usual vertical photograph 


is taken from a great' height, and several 

square kilometers of area appear on one photo. 

This is much 
 more than usually can be seen by 

the human eye at one time. However, it is 

possible, with good photography, to obtain 

sizable enlargernnts of the photos which will 

minimize this problem (refer to 
figure 4d). 


It is often necessary to compare imagery 
with the ground (a) when specific images cannot 
be interpreted or (b) when there is a need to 


obtain names of specific features either from 
name signs or by questioning persons in the 

field. This process is referred to as obtain
ing "grotnd truth." In general, the larger the 

scale the less Is the need for ground truth, 

except that there is always the need for names
 
of certain features when maps are to 
be used
 

for census purposes.
 

9.1 0/tient5on 

The direction of shadows on 
an air photo
 
influences the way in which imagery is inL-. 
preted by the viewer. For ease of interpre

tation, the photograph should-be positioned 
so that the shadows fall toward the viewer. 
This is to allow the image of the object to 
be above its shadow relative to the viewer. 
If, for example, the photograph is of a city 
in the northern hemisphere, the sun's rays 

most probably come from the south (depending 
on the time of day and latitude) and the shad
ows of the trees, buildings, ridges, etc., fall 
away to the north. Holding the photograph so 
that the shadows fall toward the viewer meians 
that the top of the photograph is to the south 
of the city.4 In this way, the ridges normally 
appear as ridges and the valleys as valleys.
 
If the shadows fall 
away from the viewer on the 
photograph, ridges may look like valleys. The 
reader can try this by holding a photograph
 
in various positions. As the photograph is
 
rotated, ridge tops and valley bottoms seem to
 
reverse 
their relative elevations. Figure 4e
 
shows two copies of the same picture. On the
 
left photo, the shad,..:s fall 
 toward the viewer; 
on the other photo, the shadows fall away from 
the viewer. 

If it is necessary to take an aerial
 
photograph 
 to tile field to obtain names of 
places, roads, streams, etc., the photograph
 

should be oriented with the features as ob
served on the ground. The technique is the
 

same as 
chat used for orienting a map. Note
 

that in figure 4c the photograph and the 
tracing are oriented the same, In order to
 

It should be noted that this would be oppo
site to the position in which a map normallyis held. 
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I " . A,' 

hav t,..h:u, ;,,ftl!sphi,to f,1l1 toward thVt Ill using tile simple-len1s type stereCoscope 

view,.er, tbe photo: - ust 1)e po;i.tione1 d .. i h South ordinairily available in a Census cartographic 

at he top. office or thte mcre expensive mirror type le-ss 

frequently available (sev figure 4n) an illu

"Sion may be created if th,.. ihotographs are 

Tilt- int., rp-,r ,t,.io:n o ~ r.q r in t-hu f orm reversed. If the photog ,aph ,which should be 

of verticAl ;I,.ri~l !"ia,- t '1. 1k:;frr, ullntly C',i looked ait with tile left eye- is placed in the 

be madc c~is;io-r i,,. ! );* n; ',t I t erec right-hand posi:iot, the effect is simiLar to 

(Lhrvee d s i) o Altug the created single photographa ; tt.,ra hy. not usituation when a 

used frequeitly, :.enst or', d ho t is viewr tile shadows away fromph ir or vi ith falling 

graphs tor(pucausc car viewed In cases, toographyup,.-ful they b tie observer. both tieo 

.n three di,%in.ions and tht; htp inl the.fqub and other features will appear reversed in 

of ph11O c, int .rpret:Lionl. B(1lcus(, adjacent elevation- hills look like valleys, etc. 

pl9"to ;rapis h.-,.?e a-. a.)pr Ainatv 30Z to 60s/o 'male following steps ar h taken to View a 

o v e r l a p ], . t c;Ie ' ii t of f l i gh t , a n yv g ro u n d L~ r o a r 

p)oint WiL',hl -',: iven, fligh~t strip) will. be onthle~t at, r or h ( rg 1 e I 'h() Place the stereoscope over the two photos 
whochn have overlapping coverdnge. 

cloud covt -r). tercoscopi( %,Lereind ; pos;sibl~ebe an iphotographs of te saegound (2) Find a prominent Object .isue as a large
byruphsg;rtwo piiit iratheyofatheh. a iewedothe house or a cleared field on both photos. 

area taken from d afferent camera Statins; ti s Put the right index finger just below tile 

Cophoto a rpreoaton. elevatobject Oil tile right photo. Follow t e!i Sefuraden 
pconto;ituteos avea aepr iiae 3iguretO fr hsame foowin with the Left index finger 

a e.amplt Of a S.ereopair and the left photof 

http:view,.er
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Figu,, 4n. TY0 TYPES OF 32EREOSCOPES 

1. Single-lens stereoscope 

2. Lens-mrirror stereoscope 

. .ject 

-o -

V 

,.,rs2'_",v. p...... ,rot 

" I 
O rin 

7 

Vote: i o. i~iustratgon is a ainaZe-Zen., 
tuie S r"obcorc ih' wl f"cd and fit in a 
JCakeO. Jihe a.a2 in -i~otr~atonof" he 
Zen:-~ vr~, s * .. ,nd -he third is a 
ozoav ope,'0.? The ens-rnor, 

lacrqo ' fief. f vzoio,,. 

(3) Move the two photos slowly, hringing the 
two index fingers together. When they 
appear as one, the viewer should be able 
to see, ill three dimensions, the objects 
within the area of overlap on the. two 
photos. Patience is requ ired for those 
persons who are u.,1familiar with this. 
technique and wio find it hard to adjust 
to this kind of viewing. Eventually, 
skill will be deve loped and it will be 
possible to see th,' photos Iln three 
dimensions v,-iy quiickly . 

9.3 liidZv~ltmia nage quaeitics 

,'Al aerial phoItograph is made up of vary

ing shades of gray (or vary ing colors In a 

color" photo) . Interpreting these variations 

in shade or color is the: job of a photo inter

preter. The abili Ly oi the interpreter to 

identif. ground farares will, in part, depend 

on ie ia e qua 1 it iCs desc hried below. In 

0v phoits wlicl :ipLear in the remainder of 

this chapter, a patLicular feattlre is usually 

identified ony one. For example, the key 

letter may point to one or two thltch roofs or 

it mav point to one or two fence rows, although 

many iv.re rMa\ be shown in) tiLe photo. 

9. 31 SILe. -- 11 utul :ne made by an ob

is a key in detUrmining what the object 

is. It should be kept in mind that the viewer 

sees tile tops of features and that the image 

on a single photo is two dimensional. When 

this is understood, and the ability to "see" 

or visualize objects from above is devel.oped, 

the viewer will possess a powerful tool to hell 
understanding the structure, composition, 

and funct ion of features, What kind of a 

building or structure, would have such a shape 

when it is viewed from above! flow would a 

house, office building, or factory look If it 

were viewed straight down from an altitude of 

about 10 kilometers? A view of an industrial 

plant from above could tell more about its 
f unction than if it were seen from Lhe street; 

shapes recorded on the photo may reveal road 
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patterns, parking facilities, and some special 


relationships of one building to another. 

9.32 Size.--Size is related to area and 

to volume. The scale of ',tphotouLajJn must 

be considered in es.Limating the true size of 

the object. If there is trouble in identi-

fying an object, a magnfying glass should be 


used to obtain an enlarged view. If the in-


terpretation is still in doubt, overlapping 


photos should be examined through a stereo-


scope. This will reveal the three-dimensional 


shape of the object, and its volume can be 


estimated by comparing it with other features. 


9.33 Arrangement and locatlon.--The 


identity of an object is often discovered by 


looking at the things around it. Arrangement 


refers to the pattern of things and how they 

are distributed. For instance, many Latin 


American cities have central parks or plazas 

and around the parks are churches, stores, 

and government buildings. Knowledge of such 

a local situation aids in photo interpretation, 

Location is also an important guide. For ex-

ample, in arid or semi-arid areas where trees 

are found only along watercourses, it is 

possible to find a stream by spotting tile 

winding ribbons of trees in an otherwise bare 

landscape (even though the stream itself might 

actually be hidden from the camera lens by 

overhanging vegetation). The ability to de-

termine the identity of an object from its 
surroundings depends to a large degree on the 

interpreter's knowledge of an area and on his 

experience. For this reason, some interpret-

ers will readily identify a barn, a garage, 

or a thatch hut, whereas others will not. 

9.34 Shadow.--Objects which lie between 

the ground and the sun cast shadows upon the 

ground. This is useful to know because the 

shadow gives an idea of the profile view of 

the object which cuts off the light rays. Al-

though some idea of the construction of a 

bridge over a river can. be determined by ob

serving the image of the bridge itself, the 

shadow of the bridge upon the water can be 

more revealing (refer to figure 4s). Shadows
 

can indicate the size of a dwelling or can be 

used to distinguish between such features as
 

piles of vegetation and huts with grass roofs.
 

However, it should be kept in mind that shadows
 

differ in length according to time of day,
 

season, latitude, and location of the camera
 

when the photo is taken.
 

9.35 Tone and color.--Tone is the rela

tive darkness or lightness of an object re

corded on a photo. It is a function of the
 

ability of an object to reflect and to absorb
 

light, and of the angle at which it reflects
 

the light back to the camera. In figure 4o, 
the roofs of the farm buildings show different 

tones; in figure 4w, the grass and the dirt 

in the stadium cause different tones. If 

there were no difference in the capacity to 

reflect light between the object and its back

ground, the image of the object could not be
 

distinguished from its background. Hence, the 

photographic tone of an object is one of the 

best ways of determining what that object is; 

sometimes it is the only way by which it can 
be identified.
 

Color photographs have an advantage; it 

is sometimes possible to differentiate between 

objects which could not be distinguished on 
black and white photographs. This is possible 

because the objects may be of different colors 

even though they have the same black and white 

tone. Color film is more expensive. However, 

the use of color adds only a small percentage 

to the total cost of a photo project; there

fore, it is being used more and more. 

Color infrared (IR) photography is begin

ning to be used. Although infrared radiation 

cannoL be detected by the human eye, it can be 

recorded with the use of special film. Care 
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u1.1Lh r uC 1K itlQoS sil,t-' IUl V I t_, o 

eh a'p:a r hvl ' the samC color tojett:that to 

the huallian '.vL.l1ave completely diffelI-etll colors 

on the 11"image. thuzt ref1 Ct iarge 

amaunls a f a{ aray,. show hoi od oti blchlK rl'L' 

im: e; :cS' :a'l, health'' OI, veget aton.' 


appears as r no atter Co01,11. tile 111ii-

v idual piant s a: car eoo,, , eve. ( For 

1111rd l ;9is ' I I ;V0L,-haprer 14.) 

9. 3t 	 tti~n in tone,'extLIll--V.r and 

the fr one : it1 var i a ion, is known,is 

the OaI,texture. As s of the pilotography 

becomes A.r, ::.- t:.ture ,,:a 2iven ilage 

becomes f intl aa :aOnce 

ewnt.Ilv" disfi: .Iiid L., hoCt ,appears 

SIn t t umined 

d~ i~p li i, d i~t : 1411iSh 1 1n,;r en to 
 tie CUl-at 


tLate C1u-

tivited hd ::ao1:.1i and %vt- tc-ture, 

while the.. i....,A s r,:h and lumpy. 

Fig r,., ilu~t .: texture Can
'q ,od 	 ;h,,oW 


be used to Iin 	 both 

cas e s the. Lxt<;:t o- i l The tex-
ture ,o: to,: '.:,t., ,t,.:ids u, tie r ~flect ioiu 

tof C i:;,in, t t and the 

ripp~t ; ihe -: 1rwd tue winds and 

currents. 

9.4 Seicctlcd ihttai.i a;:d mi-ndc .eata.e. 

Natural !ind :-an.-ade features all have 

distin~uiho chiaractristics. Tile%, can be 

IdentifIed :., rus of shape, size, arrange-

meat, shadow.,, tone, and texture, as described 

above. 

9.41 	 S.trv:Irms.--Small streams may be less 
obviou o 

obvious thamn large streato;, r rivers. How-

ever, they may be recognized by their winding 

courses, irreular widths, and frequently by 

the natural growth of trees and brush along 

the ir banks (.e figure 4 )). Streams always 

are fiund in ',illeys, which are most obvious 

in hilLy or mountainous areas. The precise 

location of small streams in a wooded area may 

be difficult to determine oil an aerial photo

graph; the visible evidence of such streams 

are breaks or variations In the density of 

the forest (see flgure 4h) 

Dry stream beds or streams along which no
 

trees grow may resemble roads except that they 

are irregular in width and they generally have 

winding or irregular or even multiple courses.
 

Dry stream beds are characteristic of -dry
 

areas, but they also occur In humid lands. A 

stream course may appear white or very dark, 

depending on the angle of reflection of light 

from the surface (see figures 4q and 4s) 

streams have been identified, tile 

direction of water flow may easily be deter

by noting stream junctures and compar

ativev sizes. In the vast majority of cases, 

tributary streams enter tile more important
 

streams at angles of something less than 90'. 

The major stream and its tributaries may de

velop into a system of large and small streams 

which resembles the veins in a leaf. rhe 

direction of water flow (refer to figure 4s) 

would be toward the larger veins or streams and 
then toward the central artery or main river.
 

Divides or ridge lines are to be found above
 

the headwaters of the smallest streams, espe

cially between the major valleys. 

9.42 Man-made watercourses.--Canals,
 

courses
irrigation ditches, and streams whose 


have been straightened by dredging may follow 

straight lines and be quite regular in width 

(see figure 4r). These man-made waterways may 

be difficult to distinguish f"om roads except 
observing that they are connected with 
obsevin targethrey~ conners, wiow

irregular natural stream courses and are not 

connected with roads, although they may be 

crossed by roads (as in figure 4t). An arti

ficial lake or pond can be quickly spotted due
 

to the presence of a dam across the stream.
 

9.43 Divides or ridge lines.-.-In census
 

work, distinct ridge lines, or divides, are
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sometimes used as boundaries to define census be taken during the growing season. Therefore,
work areas. Some members of the geography the interpreter may need to use indirect means 
staff should develop skill in spotting these to identify all the roads. 
features. Divides are easily identifiable in 9 .45 Ra I Iroads.*-IRail1road~s have large
terrain having moderate to high ranges of radius
elevation (moderate to high relief). 

curves or straight sections of track.
In ter- They do not connect

rain with with roads (althoughonly a small range inlelevation roads may crogs railroads) and there are no(low relief), they may be identified as inter- drive
ways or lanes leading from housing Units Whichstream divides; lecause they frequc fly are conr.ect with the rail line. They are usuallydifficult to identify in the field, they make narrower than roads. (in some relativelypoor boundaries. Ridge lines 1i areas having large-scale photographs the Individual rail

moderate to high relief may make good roadcensus ties can he distinguished. Railroad
boundaries. A distinict pattern of streams and track spurs leave the m;ain line at a gradual
ridge uInes may be seen in figures 4c and 4. angle (not a right angle) , and normally end

9.44 Roads.--Roads appear as narrow 
 at an industrial plant, warehouse, or collec
bands on aerial photos. Earth, gravel, and tion point for materials. Railroad bridges are 
concrete roads usually are light in tone while usually easy to spot, since a railroad will
 
asphalt, tarred, and oiled roads are dark 
 not lead into a bridge coming from a sharp
 
gray. This means 
 that an excellent blacktop curve, as frequently happen1s in thLe case of
 
highway can be less distinct on a photo than 
 roads (see figurL 4s).
 
a highly reflective dirt road. 
 A private
 
road or lane may be distinguished from a pub- 9.46 tPo-we-r i s.--11igb voltage electric 
lie road because such roads usually end near lines mna be used as houndary lines for "A' , 
a holsing unit; however, this is not always especially whult- there ar. woo& and fres;t!;.
 
the case. 
 Paths and trails arross fields and This is btecausi, the ormai 'roc u~re, i ; to
 
through forests have irregular curves, often 
 clear the land for a vi'.',.oi wi.1 h i,, -.,h ;idt 
wind in and out, and vary in width and dis- of the lin,; th, ,'le,,rd -tri '.
1,, ,

tinctness. Modern highways can be recognized trared icro,;, th 1,is ., . .v. , , t,
 
easily because of their width and the frequent powerlI 1 t,- h. . A.,,. I , ,.'i i ,
 
use of "imediar"strips. Various 
 types of roads .
, r . a ,. ias ., 

are shown in figure 4t. wide wati , ,.' '' . 

i% ho i;i ,n n it... , i.Foliage causes trouble by hiding roads w I. 
". ... "
 

and buildings. In the case of roads, the
viewer must attempt to connect the visible 

alIso be Ii 's t i i.. V,. tilt'i I ;~ d ,.. 
portions. If a bridge is located but the 
road is hidden, common sense suggests that a . ,7 lt.ti o, ..-- IroIwL.:.'i l'r,;i.r, 
road must cross the bridge. Roads are easter .1have exis tci , ,+ Itoylo.l ' 1:. r it Iv 
to find if photographs are taken when the markt-d by ;tone w, h;dl , row0. ' Hr;
leaves are off the trees (in the dry season ttee yegetarti (1"hi.t !ii 'ii , it' nec't' :'t' h 
in many low-latitude countries and the cold rows separat.v eniticl tur;1I ficld!;, tht'. can 1,: 
season in mid- and upper--latitude countries). e.|silv identifiot. Ill srit u.'as , , ,rr

However, because air photos are often used lines mi ght he used for a ricultural etlstlUS 
for agricultural purposes, they are likely to purpode, or perhaps even to ohbtain an idea of 
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the number of rural inhabitants in an area 


through al analysis of land use. 


9.48 Airfields and airports.--Airfields 

and airports are excellent landmarks on both 

aerial photographs and maps. Tile airfield 

shown in figure 4e, for example, is tie most 

distinctive feature of the photograph. Paved 
runways are even more distinctive than most 

roads becaus, of their width, straightness, 

and abrupt ends. Many aivfields, however, are 
nothing more than a cleared strip of land and 

may have few or no planes ill the area. Unim
proved airfields may be difficult or impossible 

to identify from an aerial phoograph. 

9.49 Build izuis.--Buildings cl usually 
be identified by their shapes and shadows. For 
example, they are regulor in shape and consist 
of straight Lines; in contrast, large trees or 

clumps of bushes have irregular lines. Also,
 
buildings cast shadows which are straight-


edged and angular (having corners or angles). 
Such patterns may be distinguished from garden 

plots, which will not cast shadows although
 
they may have angular corners. 


To help identify buildings, the viewer 

should look at surrounding objects and land 

cover. This information is of great value in 

interpretation. For exaMpl.e, a buS passenger 

station may be identified as such because of 

buses parked nearby. As noted, however, each 

country and cul.ture may have different types 

of buildings aiid forms of land use. Accord
ingly , Soiie photo interpreters may readily 

identify a building as a chirch because it is
surrounded by a c tmetory; i other cases, some 

persons can determine what type of crop is 
growing ini a field if they are familiar with 

the area and its work patterns and custom 

Some guzides to identification of certain 
types of buildings are .listed below. 

(1) 	Schoolhouses. The size of school build-
Ings may vary from area to area. They 

usually are larger than hauses. One of 

tile distinguishing features of a schoolis the play area around it (see figure 
4w). One may be able to identify a'" soccer field, basketbal] cOurt, track 
for running, or play yard for children. 

Many 	 schools have a flag pole in thefront of the building; it c beoften hn
identified by its shadow. 

(2) 	 Barns. A barn is often found close to a 

farmhouse. It may be larger or smaller 

than the house, depending on local 
toms. It usually canl be , - i . id
by surrounding features -.i-h as chicken 
houses, animal pens, an encluosed feeding
yard, piles of fertil.izer, or haystacks 

(3) Places of worship and cteries. A 
church, mosque, temple, or sh rine Inav be 
found close to a cenetUr,,'. Cmet i es 
usually can be recognized becauso- Of the 
orderly arrangement of surface featutires 
such 	 as stones, earth nounds, roadways, 
or smat.1 buildinlgs. Shadows may be important aids in recognizing tall build
ings such as churches with distinctive 
steeples or towers. 

(4) 	 Government buildings. These buildings
frequently face an open plaza or park.
They are usually fairly large. Parking 
lots 	and flag poles may be other guides
to help in identification. 

(5) 	 Industrial buildings. An industrial
plant may have a railroad track ending 
close to it and will usually be surround
ed by open parking are-s (see figure 4x).
Industries are generally located in ail 

urban area, but are occas fonally found 
isolated from other developed areas. Asteel plant, oil. refillercV, or other 

"heay goods" idestrv will usually be
located Ilelr or01o a waterwav. Such a
location may prov i do a source of water or 

a means of Ltrasisportationl for incoming 
raw ma teriails and OtlgOillg prodtictS. 

(6) 	 larbors. In large urban Ir,,s harbors, 
can be easily recogniced dx the rail road
and I ighiwa v I Ies coLin I te ItI wat or's
edge, the straigiht-Iine brcak,,aters lyin,goff-shore, warehouses and load lg,, fac il i

ties, or the presence of a ship Ivinie il 
a slip or off-shore. 

(7) 	 Retail stores and gas stations. Retail 
stores are usuIal.IV clusterod in urban
areas: (a) iin bazaars or market area!;, 
(b) facing major streets, or (c) il 
shopping centers surrounded by palking 
lots. Isolated stores often can Ie rec
ognized by their locations on ma in ro:tds 
or at crossroads. A rural store on a 
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nomadic herdsmen. Cversely, very smal. and 

very bright indicatlg i cts ofspots oh high 

reflectance (grat reftleeting power) might be 

the sun's ray's reflecting off iron or tin roofs 

of dwellings, 

1 (rbal dwe LIl 's.- I I in~ ill 


loS lV bi . - p) trbn1 areS C11111110
l1%appear 

on orill pih toIriphv Ll ro~her i L, t I_. L 

poa-ked ro ;!1,)!'2, 1-C t S S V' Ii11 r 0w) . If 
there a , tr.. *, a.usliv crOW l e 

a tln,1 thle ,L r,'k'.q , v;l t te illtiOe vaI'IS. 

The angular .,u.do",s ,f ,, dwellings fall in 
Cl, ir o~utlini. ZV. 110n ' sheds 

" 

tn. Id 1 , . W; d I-, in the 

irav e UliLt- 3 COMMninitwhilel 

or ot-util 


bit)," 

of tlu4i:14 tn11 phlt-
. ie housinlg ullits o uand 

geneura' Art_. d!'11, ibtIbe'caus UOf tiheir 

larz!e s I - t 1-bu -1.,s. Oicts around 

the bilC s re clues--large 

trash s, nd.....n. parkedI:t.. anv cars 

along thu. trut.t, 

re .,r 

many iodustr a and c:';.:erc ia es tabL Isimen t s 

ondS slum: a rua:;. Inithe 

'rubaa rs.id..at ai aa s often ,ontain 

loll 

c::s.- it. is desirabiy to use nlarged pioto-

graphs in ,der to i ri' ttT 

vspt~ci~iv 

thi accuracy in 

distin u.sing ~tciL outmaerc ia! establish-

menits and hous ing units 

1h. residentiaI distLricts
1LIVsubu1trb)a 

charact.r is ti,-:alv have large homes on large 

plos npreterplots Ill k.111d. ih, h MUes u.sullytl stand far 

apart and 

additinn, 

jn s ,,,ici 

,irLandare ;-.Lb~l'to 
are s..t back from the street. In 

there 7 ba smal.lerbe several build

are ui.ed ;is l.ivin, quarters f,-rI 

person, 

houses, 

tricts, 

emolv)7ed on the grounds, or as green-

sheds, garages, etc. In such dis-

the private driveways which might give 

cl.ues to the number of dwellings may be corn-
pletely hidden by overhanging vegetation. fThe 

housetops may form tile only breaks in the 

foliage, 

9.52 Dwellings illvillages, towns, and 

compounds.--Dellings in small agglomerations 

usuallV consist of farmers' houses, homes of 

non-farmers, commercial establishments, or 

mixtures of these and other type, of build

ings. Again, identification often depends ol 

the land use around the structure in questIon. 

If a farmer's dwelling is located oil land used 

for agricultural purposes, tile photograph will 

help to determine this fact. Roof ing material 

also can serve as a I lide in ident i fy lug type; 

Of structures. Materials that are used may 

vary according to the type of structure. For 

units may have thatch roofsexample, housing 

commercia! establishments may have tar 

gravel roofs.
 

9.53 Rural area dwellings. -- Dwell ings 

in rural areas may vary in size; however, most 

are not very large. Other buildings such as 

sheds used for storage purposes may b so 

small that thi:" are hard to spot on tile photo

graphs. In some countries the largest building 

in a eural cluster is often a barn, while a 

house is the next largest. 

Cominercial holdings, such as plan tations, 

estates. or r.nches, may ha,'e clusters of bulid

ings of varying sizes. In most cases, smalter 

holdings consist of fewer buildings. Roof ing 

collsist ofmaterials in rural areas very often 

vegetation or sod; therefore, the photo Inter

must look at an area closely in order 
V-.
 

identify buildings.
 

",9.6 Land cover~o-' Land w~e 

j Land cover is the entire collection of 

features that cover the surface of the Earth. 

Some of the features have been discussed 

separately in this chapter because they have 
special significance in census operations. 

The remaining elements are less important for 

most census operations; but some understanding
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of them will aid the photo interpreter in 

doing his job. The term "land use" often is 

used for "land cover." 


9.6i Types of land cover.--There are 


many ways of classifying (and coding) differ-


ent kinds of land cover. One of the simplest, 


but most comprehensive, systems was developed 


by the U.S. Geological Survey, and has been 


designed to include the interpretation of 


features on images of all types and scales 


from sarllites through low-flying aircraft. 


This system first recognizes ceveral broad 


general categories of features, and then pro-


vides for subdividing each one through pro-


gressively more detailed levels until the 


level that meets the needs and abilities of 


the particular interpreter and his project is 


reached. To illustrate the system, the first 

two 	 levels are shown helow. 

Lev2Z I 


01 Urban and built-up land 


01 Residential 


02 Commercial and services
 
03 	 Industrial 
04 Extractive 
05 Transportation, communications, and 

utilities 
06 Institutional 
07 Strip and clustered settlement 

08 Mixed
 
09 Open and other 


02 Agricultural land 


01 Cropland and pasture 

02 	 Orchards, groves, bush fruits, 


vineyards, and horticultural areas 
03 Feeding operation
04 	 Other" 

03 	 Rangeland 

01 	 Grass 
02 Savannas (palmetto prairies) 

03 Chaparral 


04 	 Desert shrub
 

Lcve. 2 
04 	 Forest land 


01 Deciduous 

02 Evergreen (coniferous and other) 

03 Mixed 


05 	 Water
 

01 Streams and waterways
 

02 Lakes
 
03 Reservoirs
 

04 Days and estuaries
 
05 Other
 

06 	 Non-forested wetland
 

01 	 Vegetated
 

02 	 Bare
 

07 	 Barren land
 

01 	 Salt flats
 

02 	 Beaches
 
03 	 Sand other than beaches
 
04 	 Bare exposed rock
 

05 	 Other
 

08 	 Tundra
 

01 	 Tundra
 

09 	 Permanent snow and icefields
 

01 	 Permanent snow and icefields
 

It is apparent that a very wide range of
 

features can be seen on aerial photographs
 

depending on 
the 	area being studied and the
 

photographs that are selected. Only a few ex

amples are discussed below.5
 

9.62 Cropland and pasture land.--Crop

land or pasture land will be recognized by its 
diviqion into fields. Fields ordinarily are
 
bounded by straight lines that are marked by 

bushes, trees, or perhaps only unplowed earth 
(which will not appear the same as plowed 

earth). The contrasts between different crops 
or crop combinations in different fields will 

create different tones; differences in the 
time of planting or harvesting will have the 

same effect. Field sizes vary widely through
out the world, but almost always they are

larger than 
 the 	 farmhouse yard or the 	 individ

ual farmer's compound. In many parts of the 
world, the fa-.rmers live in villages, and there 

5For more information, refer to vanual of 
Remote Sensinq, Vol. II, published by the 
American Society of Photogrammetry (Falls
Church, Virginia, U.S.A., 1975); refer also to 
the various textbooks and manuals on photo
 
interpretation.
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are no dwellings or other structures in the 

fields. Shadows zre of minor or no impor-

tance, because the crops usually are not very 

tall. In terms of patterns, the fields form 

a mosaic of geometric shapes, although some 

of tie pieces may be of other types of cover, 

Figures 4o and .4v illustrate characteristics 

of cropland. 

9.63 Forests..--Forests are areas where 

trees cover most of the ground. Because the 
trees are unequal in height and irregular in 

spacing, the apparent texture of wooded areas 

is uneven and rouzh. Size and shape of areas 

are not dependable criteria; there may be vast 

expanses of forest in the tropics, or there 

may be only scattered patches of wooded areas 
as shown in figure -o. Individual trees may 

vary; 	 from less t:hi. the heiaht of a man to 

more 	 t1'an 100 meters in height, depending on 

the species, the 7,turitv of the trees, and 

the physical unviron:.ent. In many cases the 

trees are large e:ough to cast recognizable 
shadows on adjacent treeless ground, 

Orchards are a special case. Here, man 

has established a regular geometric pattern 

of tree location that is quite distinct from 


the random natural pattern. Orchards also 

occupy area units like fields, and within any
 

one unit the trees are rather uniform in size 


(refer to figure 4t). 


9.64 Raneland.--Rangeland is land that
 

is extensively grazed; often it does not have 


fences or other artificial barriers. Normally 

it has fe,4 trees, and these are .'::attered. It 

differs from crop and pasture land in that it 

is not divided into a block pattern of fields; 


rather it is more nearly uniform in tone, with 

changes being in the form of gradual shadings 


over the area rather than sharp changes along 


fence lines. Texture may be as smooth as it 

is for cropland, or it may appear a little 

rougher if shrub growth is common; but it is 

not as rough as the texture of wooded areas, 

9.65 Urban ettlements.--Streets, houses,
 

jchools, factories, public buildings, and other 

features that were described earlier in this 

chapter form an urban or urban-like land cover 

when they are clustered. Figure 4w illustrates 

an urban landscape. The regularity and density 

of the street pattern, the many buildings close 

to one another, and the relatively small amount 

of empty land are the usual characteristics of 

an urban settlement.
 

9.66 Other types of land cover.--Other
 

types of land cover will be mentioned only
 

briefly.
 

(1) 	 Barren lands include beaches, sand dunes 

or other sandy areas, and bare rock out
crops. Beaches are located along waterbodies and frequently are used for rec
reation--as indicated by the presence of 
roads, bath 	houses, and other structures 
that serve the beach users. Other bar

ren lands usually have only sparse signs
of human or other use. Generally, bar

ren areas are light in tone; sandy areas
 
appear smooth, with even sand dunes 
having smooth surfaces; bare rock is
 
rougher, often showing cracks, corners,
 
and edges.
 

(2) 	Water areas often are glassy or mirror
like unless there has been a wind to
ruffle the surface or there are rapids
 

or falls. Its reflective ability and
 
tone characteristics have been described
 
earlier.
 

(3) 	Snow and ice are extremely light in
 
color; where they exist, they usually
 
are the lightest partil of a photo.
 

10. CONCLUSIONS
 

Although aerial photographs have limita

tions, a well trained interpreter can obtain 

a substantial amount of information that can 

be of great value in preparing or updating maps 

for census or survey work. The identification 

of structures, and particularly residential 

dwellings or houses, is not to show them on a 

map but rather to count them and thus provide 

a basis for estimating the number of inhabi

tants living in an area where other estimates 

are not available; counting houses on an aerial 
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photograph also serves as a check on 
the reli-

ability of other estimates. In turn, the HU 

estimates from aerial photographs 
can serve as 

a guide to dividing i city, town, village, or 

rural area 
into EA's of relatively small and 

equal size, so that an enumerator can complete 

his assigned EA during the census period. 
The 


identification of other features enables the
 
office staff to give more specific guidance
 

to the field staff. For these reasons, the
 

availability and usefulness of aerial photo-
graphs and their value for follow-up surveys
 
should be given very careful consideration in
 
the early planning stages of 
a census.
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Chapter 5. MAP SKETCHING 

I. INTROPUCTION 

Ideal ly, suitable maps are acquired for 

are
all parts of the country before base maps 

In practice,
prepa red -ind divided into EA's. 

hcwvevor, it mayvnot e possible to acquire suit-


able maps for some areas. A sketch map may be
 

thle solution. 


A ske rch nip is a hand-drawn map of an 

area. It is usuall constructed in a relatively 

short tire andi with the aid of simple tools. 

Sketch inapls do not possess the highI order of 

accuracy rmylir.d of topograiphic maps, for 

e.amplu, an,! art :iot intended to do so. Ske tch 

n.sips arc< .2,.ceeC in two typos of si tiat ions: 

(1) 1hen there is no suitable map or air photo 

available for th area; that is, when 
there is no map of a., kind, when the only 
map available is of too SMall a scale to 
show sufficient detail, and when existing 
maps are seriousl!, out-of-date. The sketch 

map is used by the NSO( to prepare the base 
rap for delineating EA's. 

(2) Whien the LA map sent to the field turns 

out to be so out-of-date that it would 
be easier to draw a crude sketch than to 
try to mark the changes on the available 
map. This riay be the case when extensive 
construction creates new streets or newcstructincrtesaestrets
orwh new
settleme-nts in tile area or when new high

ways eliminate streets and other landmarks 
that are on the existing map. 

Chapter 5 describes how to make a sketch map 

for census purposes. ost of the discussion 

is directed to aking a sketch when there is 

no suitable map available to use as a base map 


for delineating EA's, described in (1) above, 

Section 8 of this chapter deals with the situa-

tion described in 0) above, 

2. NEEV FOR SKETCHING 

census the decision to prepare a sketch map 

should be considered carefully. The NSO staff 
should determine if a more pr-''ical alterna

tive exists. For example, it may not be nec

essary to make a map of a desert or swamp if 

it is known that it is not habitable. In other 

cases, it may be easier to correct an old map 

than to make a sketch. 

Although sketching is a more rapid process 

than conventional surveying and mapping, it is 

nevertheless time consuming and requires field 

visits. Moreover, personnel assigned to do the 

sketching will need some technical ability, a 

knowledge of basic geometry, and some training. 

Wh"en it is necessary to prepare a sketch 

map, usually a team from the Geography Division 
of the NSO is sent to the area involved. Per

sonnel from NSO field offices olso may be used 
if they have better of the can 

be spared from their usual duties for a short 

time, and can be trained. Since the sketching 

needs to be done in advance of setting up EA's, 

crew leaders and enumerators would not need to 

be involved in pre-enumeration sketching; how

ever, they should be familiar with the basic 

principles of sketching in order to apply them 
if they discover that the EA map is seriously 

out-of-date. 

3. REQUIREMENTS FOR A SKETCH MAP 

For census purposes, a sketch map should
 

not include unnecessary features but it must be 

sufficiently detailed to permit the geography 

staff to prepare a base map for EA delineation. 

Moreover, it must include features and other 
information that will help the crew leaders and 

As indicated above there are several cir- enumerators to locate and travel around their 

cumstances when sketch maps are needed. In a areas. Included are administrative boundaries, 
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major transportation and communication features, 

and major landmarks. The map sketch should be 


consistent in scal_ and direction, and features 


should be indicated by standard map symbols. 


Natural features which should be shown 

include streams, rivers, and lakes. 
 ILq ca EA 
maps, contour lines and detailed features of 

the landscape are not shown. 
An exception is 


made for unusually prominent landforms which 


help the enumerator to locate other features. 


Such prominent features should be indicated on 


the sketch map in words written parallel to 


the trend of the feature; for example, "Blue 


Ridge" written parallel to the crest of the 

ridge would indicate its location, 


Man-riade features of the landscape nor-


mally are very important on a sketch map, since
 

the enumerator depends heavily 
on the location 

of these features to 
plan his route of travel. 


A country should adopt a set of many symbols
 

(similar to those illustrated in exhibit 3-) 

and use them to show the location of highways, 


roads, railroads, bridges, parks, factories, 


schools, mosques, churches, administrative area 
boundaries, etc. Finally, a sketch map should 


show some peripheral area so that the features
 
can be used to merge the sketch with rmaps of
 

adjacent areas. 


4. EQUIPMENT FOR SKETCHING 


A sketch map of acceptable quality can be 
constructed with simple tools. The following 

basic equipment is recommended:
 

(1) Hlard pencils and erasers 

(2) Magnetic field compass with compass card 

(3) Ruler 

(4) Protractor
 

(5) Drawing paper and hard writing surface 

(6) Form GEO-201, Information for Map Sketch 

4.1 Penc~tsZand 


Pencils of 411 hardness are usually recom-
mended since they have less tendency to smear, 

It is advisable to carry a pencil sharpener
 

to keep a sharp point on the pencil. A small
 

piece of sandpaper can substitute for a con

ventional pencil sharpener.
 

4.2 Magnetc cornm 

Several types of magnetic field compasses 

are satisfactory for map sketching. 
A compass
 

with a compass card, scaled in degrees from
 

0 to 360, is preferable since it can be read
 

with greater precision than a compass showing
 

direction and only the 900 points (see figure
 

5a). For sketching census maps, it is not
 

necessary to use a compass which has a bubble 

for leveling the instrument; nor is it neces
sary to use a compass which adjusts for mag
netic declination (deviation from true north).
 

4.3 RuteA
 
An ordinary 30 cm (12 inch) ruler is suit

able for most sketching. 
 However, if available,
 

the triangular variety known as an "engineer's
 

scale" has the added advantage of allowing the
 

map sketcher to subdivide unit measurements in
 

a number of ways (see figure 5a) . An engineer's 
scale shows measurements in several units; for 

example, one side may show decimeters and cent-i
meters, another may show centimeters and milli
meters, and another 
may show inches subdivided
 

into sixteenths.
 

4.4 ProtAacton 
At instrment that is necied is an
 

ordinary 
protractor. This is an instrument 
with a graduated arc for plotting angles on 
paper. A simple inexpensive one will suffice 

(see figure 5a). 

4 P 

The map sketcher should use a good quality 
drawing paper. The surface should be smooth 

tough so 
that it will not smear and will
 
not be damaged by erasures. Most paper of this 
type will be high in rag content, of medium to 
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.'Fm ' b:;. .. ? . i.R-.- , -V,'T..,E-,i 

Magnetic compass 

l. 

. ~ffi{ i]angular/ 

Encinecr' scaIe 

P~rotractorsketch 

heavy ei hi, and two ply. ',ith rh paper, the 

sketcher needs a stiff piuce of cardhoard, ply-

wood, fiber board, or similar material, to use 

as a writing surface. What is known as a clip

board would be excellent. A clipboard is a 

small writing board with a spring clip at the 

top for holding papers. 

4.6 Fioral GEO- 201, lit ti on in Iiap Sketch 

Form GEO-201, provided by the NSO, should 

be used by the map sketcher to record all. the 

information that the draftsman needs to con-

struct the map of the area--distances between 

points, directions, location of features, etc. 

This information is tle basis for drafting the 

base map and for delineating it into EA's. An 

illustration of a sketch and the accompanying 

form GEO-201 are shown in figures 51 and 51. 

5. SKETCHIN, TECHN7QUES 

Map sketching involves the location of 

ground features in relation to each other and 

measurement of the distances between them. It 

consists of two r..incipal tasks: (a) measuring 
direction ii (b) measuring linear dis

tance. Angular direction may be vertical or 

horizontal. Vertical measurement of height and 

elevation requires knowledge of trigonometry
 

and surveying. Ordinarily this type of measure

ment is not needed for census map sketching. 

However, it is advisable to indicate on the 

the location of mountains, valleys, and 

the like. The sketching operations described 

in this chapter refer to hori2.ontal measurement 

of direction. 

Persons who do map sketching ordinarily 

need not only training in tile use of tle tools 

that are listed above but also some training 

in certain basic skills. The training is not
 

difficult, and the results of the training c-in 

be evaluated by checking the final sketch with 

the location of featurer on tile ground. Below 

is a description of basic skills that tile map 

sketcher needs. 

5.1 Uing a compa-ss to meaume dAr-Ucyn 

The operation of a magnetic compass is
 

simple. The compass ordinarily is a round box 

with a free swinging needle, which will orient 

itself parallel to the E-'irth's magnetic field 

and therefore will point to the magnetic north 

pole. Note that magnetic compasses establish 

magnetic north rather than geographic north, 

which is the direction to the North Pole. In 
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detailed map work which requIres a high degree 

of accuracy, correction of compass readings 
would be necessary; sketch maps for a census 

normally do not require such adjustment. 


Every compass is sensitive to magnetic 


attraction. 
The needle may be disoriented by 

an 
iron object in the close vicinity, includ-

ing bicycles or automobiles. There will be 


fewer errors if readings are taken at 
some 

distance from metallic objects, 


A magnetic compass is used to 
determine
 
direction. 
The observer measures (or reads) 

the angle between magnetic north, as indicated 

by the needle of the compass, and the line of 

sight between hirrself and an object. 
 A peep 

sight (small lens) is mounted on one side of 

the compass and a vertical wire can be seen on 

the opposite side. The observer sights through 

the small lens and lines up the vertical wire 

with a distant object. 
 Then he levels the com-

pass and reads the angle on the compass card. 


5.11 Systems for determining di-ection.--
There are 
two principal systems for designating
 
direction--the compass bearing system and the 
azimuth system. 
 In the compass bearing, the 

compass card shows the conventional North (N), 

t i" Pt' w. CO~MVPASS 

BEARINGS 


N 


0 


'4'
 's'o 

o50 

a i0 

008
 

S 


Reading: S.65*W. 


East (E), South (S), 
and West (W) directions.
 
All other directions are designated as the hum
ber of degrees of angle 
east or west of north
 
(in the north half of the compass) and east or
 

west of south (irnthe south half). Thus, the
 
direction halfway between north and east 
is
 
'4
 signated N.450 E. 
Another ty is to describe
 

the direction 
as 450 
from nocLh in an eastery
 

direction. 
 In the south half of the compass,
 
the line S.65'W. in figure 5b is 650 
west of
 
south.
 

In the azimuth system, the compass is
 
divided into 360 degrees beginning with 0' in
 
the north position and proceeding clockwise.
 
North is designated 0', eaqt is 90', south is
 
1800, and west 
is 270'. A l*ne halfway between
 
south and east would be 135' 
in the azimuth.
 
system or S.450 E. in the compass bearing sys
tem. For most 
census sketching purposes, the
 
azimuth system is preferable since directions
 
c¢n be read easily and with less chance of 
con
fusion. In figure 5b the direction in the
 
azimuth-system is 2450 (or S.65°W.). 

5.12 Backsightin.-The angular direction 
of each road, trail, street, etc., is measured
 
from both ends of a straight-line portion of 

DIRECTIONAL S'I'YSE 

AZIMUTH
 

N 
3600
 

00
 

,s'0
 

C', ' 0 -l 0 r 

o 

S
 

Reading: 2450 
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the feature. The second reading serves as a 

check on the accuracy of the irst. he two 

readings should differ by exactly 1800. For 

example, in figure 5c, the azimuth reading at 

point B is 2902. At point A, another compass 

siglitintoc of I11 is taken along a straight part 

of Verte Roid back to point B; this is often 

referred to i.: "backsi gilt." 

S"''5 Iprocedure 

N 

' ID Idone 

N 

A~bt : The ,.er~o~c &e~Ae: qzz;r: 28iS 

Note that the difference in the two read
.ings 	 is 180 The accuracy of the measurement 

depends on the quality of the compass, the ex-

perience of the sketcher, and the nature of the 

terrain. In practice, if the compass sightings 

aie within approximately 50 of the ideal 1800 

vajue, they are adequate for census purposes. 

Larger differences suggest errors in readings, 

which may require that they be repeated. 

5.13 Procedure in the field.--Assume that 

the map sketcher has a magnetic compass with 0' 

to 360', and assume that he is sketching the 

area illustrated in figure 5d. fie would follow 

the instructions given below. 

(1) 	Set the magnetic needle (which points to 
magnetic north) at 00 azimuth. When the 
needle stops moving, tilt the compass 
slightly. This will keep the north arrow 

0 " at without fluctuating. In figure 5d, 
assume you are standing at point A. 

(2) 	 Bring the compass up to eye level and look 
at point B. Take an azimuth reading. Note 
that 	 the reading is 3320. 

(3) 	 While standing at point A, look also at
 

point X; the azimuth reading for X is 390.
 

At each point of observation in figure 5d, 

note that readings were taken for two other 

points. Readings to points B and X were taken 
points Readngs topoinbaBaksl£ wer take
 

when 	the observer was at point A. At point B,
 

readings to points A and C were taken. This 
was repeated for the entire area. 

5.2 	 AMat5M ing diL tances 

Another important task in map sketching
 

is the measurement of distance. This can be 

by pacing, striding, using a wheel, or 

reading an odometer.
 

5.21 Pacing.--If distances are measured 

on foot, a simple but careful pacing procedure 

is required. Distance is calculated by count

ing the number of steps between two points and 

multiplying by the average length of the pace. 

For example, if a person steps off 150 paces
 

between two points, and the average length of 

his pace is 0.6 meter, the distance between 

the points is 150 X 0.6 or roughly 90 meters. 

To determine average length of pace, pro

ceed as follows: 

(1) 	 With a measuring tape, or similar device, 

measure the distance between two points-
about 100 meters (or 100 yards) if the 
surface is level and 200 to 300 if hilly. 

(2) 	Walk the distance at least three times
 

in each direction (a total of six times). 
Walk normally; do not take unusually long 
or unusually short steps. Count the num
ber 	 of steps taken each time. 

(3) 	 Compute the average number of paces for 

the six trips. In computing this average, 
disregard any count that is unusual. For 
example, if the counts are 154, 157, 153, 

141, 159, and 153, dlisregard 141. The 
average would be (154 + 157 + 153 + 159 
+ 153) 5 or 155.2 paces. 

(4) 	 Divide the average number of paces into 
the distance that was laid out to get the 
averag2 length of pace. In the example, 
155.2 is divided into 100 meters for an 
average of 0.644 meter per pace. 
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Figure 5d. U3E OF A AICNETIC cOMPASS 
I. Observation AB and AX 3. Observation CB and CD 

2 . O b e r a tD o nQA 
AaCo 

000 

00 , - 250' 

0 

00. 
16C 

C 

ROOAD 

2. Observation BA and BC 

~6O. 4. Observation CD and DA 

OBERV1.R ____ 7Q- NO 

0, 0 
i! i 

0~I - -D 
QAD 
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o11 

sonl 

*r 

Each person wi 11 have a different length 

pace. Moreover, the length of J)aCO varies 

U:Is a I v t L'p land 101epes , or W11on le-! 

in very iIeICt, or ve'v tiLed. Nevertheless, 

<ac: individa1, an 1,r',e pace length is 

v,, r !-,, consULr, en Number 

Sp1ices i a '.,er,% cn~th of pace shiould be 

rcorred , 2 o t'm aI concerted to dis-!EO-201 

:ices 'v theN) 

Thie 

ox:c w ti'i s' ie, 

:inrl' ire eas 1 or 

nt in - -, 

S011C Sr 2 

left foot) och 

..5._2 

z.--For-- s~h,-,t..... rtrails 

m'' use a sur'.,'.cr 

Likewise, a tape 

,II i s . With chain 

distance d be 

On the other hasnd,On thpointrinaboth a 

least two persons (unless the map sIketcher can 

anchor the chain or tape to a stake or tree), 

The chain or tape also mav' be useful to guide 

the sketcher in a i hti in a straight line. 

5.23 Other methods.--Wen traveling by 

car, odometer readings can record distances. 

"hen traveling, by hi cycle, an odometer can be 

attached to one of the wheels. -%simple wheel 

also can h'e revolved and distances measured by 

multipling thu circumference of the wheel by 

the number of revolutions. A counter attached 

to the wheel can record the number of times it 

turns. For short distances, the sketcher can 

make a distinct mark on the rim of the wheel 

and count tle number of times Lt turns. Form 

GEO-201 can be used to record the results, 

Using an automobile permits greater and 

faster coverage of areas. However, a satisfac-

:-t .(A 

1'' :ii Ied to striding 

:re FL:,,c , 1song as paces 

on, wh*en tile, 

. Colin t 

: t iot (or the 

e Ud. 

i wsu;i sur,,eve r's chain or 

is -,e.,the map sketcher 

a cho.in or tarpe. Te links 

asnrrever' iii c~ irestandad 

n ma -meter, e. 

'od ..arhed in standard 

)r tape, ti-e measurement of 

or curate than by pacing, 

'h requi re team of at 

tory job of sketching usually requires frequent 

stops and a combination of driving and pacing. 

Traversing means walking or riding around 

an ' ithin Lae area to he 

distances and dire-tions. 

long or short, depending 

leg is a straight part 

sketched and noting 

A traverse may be 

on the number of "legs. 

of a road 

to where another road intersects or 
important feature is located; or it 

of a circle if the road is curved.) 

from a point 

where some 

is an are 

'ie number 

of traverses depends on the number and straight

ness of the roads in the area. Since an enume 

ator is e::,,ected to canvass his EA thoroughly, 

the map sketcher must traverse the area enough 

times to ensure that all the roads, streets, a 
in the area are Included in the sketch. 

~ Two types of traverses 

closed traverse is a walk or 

boundary ntil the observer 

point where he started. An 

are involved. A 

ride around the 

returns to the 

open traverse is a 

walk or ride along a particular path or road; 

the observer need not return to his startingcases, observationsaofeaeaofrat 

point. In both cases, observations of featurei 

are taken on both -Ides of the traits or roads 

that are to be suown the map. 

5.31 Closed traverse.--The person making 

the map sketch should 

erse of the area. le 

sketch that would show 

sides of the traverse 

first make a closed tray

should produce a rough 
major landmarks on both 

as well as the points of 

intersection and the directions of intersectinj 

land features, such as roads, trails, streams, 

power lines, or boundary lines. 

Figure 5e contains an example of a closed 

traverse. Note that the observer started at 

point A and proceeded clockwise until he came 

back to point A. Note also that he marked the 

points of intersection of roads and trails. 

5.32 Open traverse.--After he completes
 

the closed traverse, the map sketcher fills in 

http:sur'.,'.cr
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Pigure 5c. CLOSED AND OPEN TRAVERSES 
CLOSED TRAVERSE 


OPEN TRAVERSES
 

ITRAN5tJR 
RI SC01 R, 

IT; 
N C 0RN J0 

0 

0
 

'q 170. 5510.. 

" 

_ _C__" W AY_ 
IG HW Ay 6 

Note: The ciosed Crave),se follows the known Note: Traverse Bbouzndaries of 	 to , consists of 1egs BL,thc aea to be sketced; it con- LM, and MN; tPavese N to E consists of KLsists of les 
IJ, JK, and N1.

AB, BC, CD, DE, EF, FG, G1, III, 	 and LE; traverse J to a consists of JO, ON,

and NG; etc.
 

the sketch by making open traverses through the with a magnetic compass. At point K, a sighting
(see figure 5e). Techniques for measuringarea 	

is taken on the school and the azimuth readingdistances and angles are similar to those for is recorded to establish the line from K to the

closed traverses, 


school. In a similar 	way, a reading is taken 
from point L to establish the line from point L
5.4 Thuaihiqua.t.ol 
to the school. Tle school will be located at 

To be useful in the census enumeration, the intersection of the two lines when plotted
the E\ map should indicate important landmarks on the map. If the building is large and more as well as rivers, nighways, roads, and streets, precise measurements are required, the sighting
A technique for determining the location of a can be made from points K and L to the front
landmark in relationship to other landmarks or and back of the building, as illustrated in 
features is called "triangulation." [n figure figure 5f. 
5f, if the location of points K and I. is known, 5.5 G tting a -ond obtacfes 
the lo'.ation of the school may be established 

Measuring distance is simple as long as 

no physical obstacles are encountered. WqhereROAD obstacles do occur, distances that cannot be .. SO Pace-...  paced can be measured 	 in other ways. Several 
0 13 examples are given in figure 5g. You will 

N 	 note that they use basic principles of plane 
geometry. The selection of the method would 
depend on the contour of the land and acces

sihility to features or markers which can be 

http:Thuaihiqua.t.ol
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l!E,ASb '.'AlG 

Example 1. Congruent triangles 

X 


/i / 

Example 2. Congruent triangles 


a 

X 	 L 

LEGEND: 0 Stake or other marker 

- - -Distance to be computed 

used as sighting points. Tall pieces of wood, 


large stories or rocks, a tree, or some other 


distinct feature can be used as a marker. 


5.51 Evaimpte I.--In this example, the 

line to be measured crosses a wide stream. The 

following is one way to measure the distance by 

constructing congruet triangles (triangles of 

the same size and shape). 

ACROSS OBSTAWLrES 

Example 3. Parallel lines
 

oo900 9 

09009 

X 

Example 4. Sides of a 60'-30' triangle
 

060

Paced line;
 

..... Line connecting sighting points
 

(1) From point A, sight across the stream to 
point E. If point E can he reached from
the other side of the stream, a marker of 

some sort should be placed there; or a 
large tree or building could serve as a 
marker. 

(2) 	Pace tihe distance 
aingle to B.t Ant line AE". 
at A%and at B. 

(3) 	Divide line AB in 

rock 	 marker at C, 

from A to B, at a right 
Place a stake or mairker 

half; place a stake or 

which Is the midpoint. 
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Note that the distance from A t, C is 
 5.54 Example 4
 .--In this example, it is
if
a" and the distance from C to 
B is "a." necessary to construct(4) At a righ t a n gl e to line BA, procee d to le o 
a right triangle withn s cn d 30 r.h tr0 with
D, which is the e a n glepoint where you can sight angles of 600in a straight line from D to C to 

and 300. The 300 angle must beE. 
 opposite the distance to be measured indirectly
 
Triangles BCD and CAE are congruent (two 
 (to be computed). The procedure is based onangles ard one side equal). Therefore, line the geometric principle that 
the hypotenuse of
DB (a distance of X paces) equals AE (also X ° 
a 600-30 triangle is twice the length of the

paces). 
 Note that the angles at A and B must shorter side.
 
be 900 angles. 
 Note also that when two 
lines 
 (1) Walk in a line perpendicular to point A.
intersect, opposite angles are equal. 
 Continue in a straight line 
to point C,
 

5.52 Example 2.--This example also uses 
where you can sight point B at an angleof 300, (Note that the 300 is the 
conventional 30--not an azimuth reading of 300.)
the principle of congruent triangles to measure (2) Pace the distance CB.
 

the distance across a pond. 
Although there are

several ways to 
measure such distances, the 
 Triangle ABC is 
a 60o-30' triangle. Therefollowing is one of the simplest procedures, fore, line CB 
(a distance of 2X) is twice the 

distance represented by AN(1) Select point C where points A and 
(a distance of x).be sighted. Use stakes B can
 or other markers. 
 5.55 Record of comutations.--On form
(2) Pace the distance from C to A. 
Extend 
 GEO-201 or on 
the sketch itself, show how you
line AC so 
that CE is the same distance
 

as AC. 
 computed the distances. If you used the pro
(3) Pace the distance from C to B. 
Extend 
 cedure in example 1, you could draw a sketch
line BC so 
that CD is the same distance 
 that would show, for example, that line AC is
 

as BC. 

80 paces, line CB is 80 paces, angle EAC is a
Triangles ABC and CDE are congruent (two 
 right angle (900), and the distance DB measured
sides and one 
angle equal). Therefore, line 
 95 paces. Therefore, line AE is 95 
paces.


DE (a distance of X paces) equals 
the distance
 
represented by the distance AB (or X paces). 
 6. STEPS IlN SKETCHING
Note that the angles need 
not be right angles. Various techniques involved in map sketch

5.53 Example 3.--This example uses the 
 ing were discussed in section 5. 
The map team
principle of parallel and equal lines 
to meas-
 in the field should produce a rough sketch intire the distance across a pond. 
 The procedure addition to recording all 
the measurements on
is fairly simple to follow, 
 form GEO-201. 
 Since the sketches 
are used as
 
(I) From point A , a t a right angle to base maps for delineatingline A , thle t he s a s EA's, the maprode e sti I's
sight to a point beyond the limits of the 


pond. 
sketcher should also provide estimates of [U'sMark point C and pace the distance (housing units). 

from A to C.
 
(2) 
From point 13,at a right angle to line AB,


pace a distance equal 
In most map sketching operatioi.v some
to AC. Mark this 
 initial information in map form will be availpoint D. 

able to the person making the sketch. The 
The figure ACDB is a rectangle (two right nature of such information varies. 
 In some
angles and side AC equal to BD). 
 Therefore, 
 cases, a crude sketch of a larger area will
line CD equals the distance represented by the already have been made. In other situations,distance AB. 
 In the example, angles CAB and a small-scale map cf a district 
or province
ABD are right angles. Other angles can be used may be the best information that is obtainable. as long as 
they form a parallelogram. 
 Nevertheless, such maps normally provide some
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control for the sketching operations, since 

nmjor roads, highways, rivers, and railroads 

will be shown. Sometimes the sketching opera-

tion is an attempt to fill in the gaps between 
orwereareasprevousl mappedApi

features or areas that were previously mapped 

onl a sm.uer scale. Occasionally, only a word 

descriptiOn of the area to be mapped is all 

that is avi able. As a general rule, the map 

sketcher sheuld try to locate a major road or 

highway, or a major intersection as his start-

Ing point. 

6.1 E5 LL.U bo'dct, '. 

Thtr personnel making the sketches should 

first establish the outer boundaries of the 

area to be sketched. This can be done by a 

closed tra',ersL. if the area is large, the 

sketches can LlccMe Ly segments--the outermost 

segments first and the internal segments last 

in order to link them to points already estab-
lished in tire outer s, 'm:ents. 

At the sam:e ti1e, boundaries of adminis-

trative areas should be carefully located. The 

eventual value of the map sketch will depend 

very much on the accurate location of these 

boundaries, which are most important for census 
purposes. Since the NSO) will delineate EA's 

within admistrative divions, all adminis-

trative area boundaries must be included in the 
map sketch. 

Figure 5h is a sketch mp for the area 


described as the Highway 15 - Clear River area. 


Assume that sketching begins along Highway 15 

just west of the bridge over Clear River. The 

starting point is designated A. A new road, 

called Amur Road, extends south of Highway 15. 

6.21 Leg AB.--From A, a compass sighting 

is taken on Amur Road along the first straight 

leg ending at B. At B, Amur Road turns in a new 

direction. It also intersects School Road at 

this point. Tile compass sighting from A inJf-

cates that leg AB is along an azimuth of 195'. 

This measurement is recorded on form GEO-201. 

Tlhe next step is to pace the length of leg 

A. In this case, the count is 400. At point
AB.uro case, 

B, another compass sighting is taken back to A.
 

The sight BA is along an azimuth of 150. These
 

readings are recorded on form EO-201, as shown
 

in figure 5i. 

At intersection B then, thle map sketcher 

has measured the azimuth of leg AB, paced the 
length of the leg, and taken a backsight read

ing from B to A. The backsight reading should 

be exactly 1800 from the reading from A to B. 

In this case, it is correct (1950-15'). 

l.ith a protractor and ruler, leg AB can
 

be plotted on the map sketch. Since North is
 

straight up on this sketch, a 195' angle is
 

measured clockwise; thus the line is 150 west 

of south. 

6.22 Remaining lines.--The remaining legs 
are systematically treated it;the same way.
 

Again, information is recorded on form GEO-201.
 

Note that estimates of HU's are entered on the
 

sketch and encircled.
 

6.23 Landmrks.--All important buildings
 

are noted and standard map symbols are 
used to
 
mark their locations. For the school located
 

on the north side of leg Eli, compass sightings 

are taken from points E and H. When the appro

priate angles are plotted on the maps, their
 
intersection point will fix the 
location of
 

the school. An alternative approach to estab

lishing the location of the school would be to
 

count paces along Eli to a point just opposite 

the school, then to pace a straight lii at a 

right angle from that point on the road to the 

school. 

The location of tile church north of leg 

liB Is indicated by sightings from point II and 

point 1B. The bazaar along leg FG, however, is 

a larger bull-dIng than the others in the area. 

The map sketcher takes compass readings on both 
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PIgure 5h. FIELD SKETCH O' A PORTION OF A VILLAGE 

~HG, WAY 

-____ 

LEGEND 

District 

Road 

River 

Bridge 

boundary 

, 1 

SchooL 

7 r 

the front and back of tile building. Pacing de-

termines the frontage width of the store. 

6.3 P e c we the bawe. map 

The crude map prepared in the field will 

be sketched in pencil and will have extraneous 

notes and markings. It is usually desirable 

to erase compass lines and unnecessary notes 

which may confuse the draftsman. 

The draftsman will be guided by the rough 

drawing and the information on form GEO-201 to 

prepare the base map. Figures 5h and 51 illus-

trate a rough drawing and the accompanying form 

GEO-201. On the base map, the draftsman must 

include the identification, scale, legend, and 

date of preparation. 

12)AZ & 

15 4 

/o0 

/ 

9;, / 

7. ADJUSTMfENT FOR ERROR
 

As the sketch and the data on 
form CEO

201 are used to prepare the base map, it some

times happens that there are gaps (openings)
 

between the beginning and ending points of a
 

closed traverse when it is plotted on paper.
 
This is known as the "error of closure." 

An error may be due to a variety of mis

takes, such as an incorrect measurement of a 

distance or compass angle in the field. In a 

map sketching operation, normally it is not 

practical to retrace 

correct the mistake. 

large, the map maker 

that will distribute 

the entire traverse to 

Unless the gap is quite 

may make an adjustment 

the error throughout the 
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Figure .5,]. ADJU"7E'1V!5J7 FOR EROR OF CLOSURE 

Step 	I Step 2 


B 	 II(5) 

Al / A 

g~p/(6)

"'A 


D L. 


Step 3 


--- --+ +- 23m -- --
A 	 C) 2 ---- ,D
 

Steps 4 and 5 

gIap
A B C P 

Step 	6 


B*sent 

AI c 

A' 

plot. One procedure for adjustment is best 
described by following the example illustrated 
in figure 5.j. 

(1) 	Assume that the original plotting 1-ro-
duced the sketch shown in figure 5j. 'llielines did not meet; the plotting produced
the gap AA'. 

(2) 	Draw a line tlro lgh A and '. Also, 
draw lines throughii B, C, and ) parallel 
to the AA' line.(3) 	i)raw a straight line equ,al to tie simi of 

the dlis tances of the four Ieg;. Tn this 
case, the line would be 87 meters long(18 + 23 + 28 + 18). On this line, mark 
points A, B, C, 1), and A'. 

CENSUSES AND SURVEYS 

(4) 	Above A', erect a perpendicular line
 
equal in length to tLe gap AA'. 
Connect
 
the top of this line to A to create an
elongated triangle.
 

At points B, C, and I), erect perpendic
ular 	lines from 
tile base line 
to the 
hypotenuse. These perpendicular lines 
represent the corrections neededplot.
 inthe
 

Return to the sketch in stop (2). On

the parallel. line drawn through point B,
n/rk 	tile amount of adjustment. The ad
justment is equal to the perpendicularline at point B instep (5). Do the
 

same with points C and D.
 

Connecting the points of adjustment forms
the adjusted sketch. Moest plots will involve 
irregular shapes; nevertheless, the principles 
are the same. 

8. 	 .IAP SKETCHING DUR1.VG ENU'.IERATION 

As explained at tile beginning of this 
chapter, the discussion is directed to making 
a sketch when 	 there is no suitable map avail
able to use as a base map for delineating EA's 
In such cases, a trained person or team is 

to the tinmapped area. In other cases, it 

may not be possible to evaluate tile suitab.ilit, 
of a map until after the EA's are delineated. 

G nera lly, the crew leader (or enumerator, 

will simply add new features to the EA map and 

cross out roads or otlLr landlmarks that (ionot
 
exist. liowever, oven tholli,,h 

to provide good mavps, there 
he will need to) make It r'otug 
When changes illil FA ilve 

in effort i- made 

will he tnnies when 
drtil, im.g of tile LA. 

been eXt ens iVy (no' 
streets have been construl'ted :1td Oelrs havO 

disappeared), it may beL simpler to sketch a new 

map. Since the crew leader or enumerator wiii 
not 
have a compass, protractor, or r1ILr, and 
he will not have had teclnica I tra illing ilImap
sketching, he cannot be expected to produce an
 

accurate drawin 
 proper scale. For census
 

purposes, it will be sufficient to have tile
 

general direction of streets, roads, and other
landmarks in proper relationship to each other. 
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9. AVAILISTRATWVE REQUIREMENTS 

Administrative requirements for sketching 

will vary, depending upon the map coverage of 

the country, quality of existing maps and air 

photos, availability of trained or trainable 

personnel, amount of time before the maps are 

needed, cost, and special field problems. The 

p-'iority areas should receive first attention, 

other field tasks relating to mapping should 

be handled at the same time, and the itinerary 

should be ;pfanned so as to make the best use 

of staff and time. 

9. 1 T&1(m 

The time which can be allotted for map 

sketching will often be determined by external 

factors such as the overall time schedule of 

thle census mapping operation. If only a short 

Lime is available, Tore persons will need to 

be involved in tihe operation. They will need 

training, and allowance should be made for 2 

or 3 full days of training. 

The time required in the field will. de-

pend en the size and complexi ty of the areas 
pecor theon tillsoa 

involved and the experience of the personnel. 

or more complex areas will require more 
mapping time. For example, in an open rural 

area, a map maker may be able to cover I kilo-

meter in an hour or two. The same map maker 
in a complex urban area probably cannot cover 

as much area in the same time. Other factors 

being equal, it may be assumed that more area 

can be mapped in less time as field personnel 

gain experience; however, after a week or two, 

this increase will stop and a steady level of 

production should be expected, It is partic-

ularly important to provide closer supervision 

of field personnel during the first few (lays 

of field operations, to assure that the pro

cedures are understood and are being carriedi 

out correctly, 

9.2 Cost 

Decisions will need to be made loca.1ly 

concerning the method of paying staff for map 

sketching. In some situationw, payment is 

made on the basis of actual production of a 

sketch map for an area. In others, an hourly 

wage is recommended. The hourly scale is more 

difficult to control, especially with personnel 

who are new to the job. In either plan, the 

supervisory staff should make frequent spot 

checks tc ensure that the sketching operation 

is of the required quality. 

9.3 Pet5omwe C cnotoces 

}iap sketching operations do not require 

large numbers of persons. Nor do they involve 

the team efforts required for making cadastral 

or topographic maps, for example. In most cases, 

map sketching can be done by individuals or by 

teams of two if the terrain is difficult or if 

there are other field rroblerms. 

Persons with field mapping experience,
 

including employees of the NSO, might form the

staff in~NSOd field.Xt offfe 

core staff. persons In NSO field offices lso 
should be considered. If the amount of sketclh-Iarger 

ing is extensive, it may be necessary to employ 

new persons. In any case, all will need to be 
trained and suipervised. It may ble helpful to 

construct a simple test before hiring or assign-

Ing persons to do tile sketching. As a minimum, 

the Individual should have a sense of direction 

and some basic mathematical ability. 

9 taininq 

Depending on the background of tile Indi

viduals, training may range from Informal but 

specific instruction to formal class sessions. 
As part of thei r training, each person shoul~d 

have some practical experience before going to 

the field, lie should be required to sketch an 

http:field.Xt
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area near the training site where his work can 
be checked by the staff. 

Persons on the NSO geography F'.,iff can be 
trained in a relatively short time. They can 


be sent ahead of other NSO staff, or they can 
be assigned with an inexperienced person as one 

of a team. Persons who are recruited locally 


are likely to require more formal instruction. 
Their basic training should include instruc
tion in how to use the compass and protractor, 

how to pace, and how to fill form GEO-201.
 

Additionally, their training should show them 
how to get around obstacles and ]low to apply
 
a few basic principles uf geometry.
 



109 

Chapter 6. PREPARATION OF BASE MAPS 

I. IN'T OVI CTOIO N 
that the field staff needs in order to canvass 
the area completely and ic,-urate1y.Ordinarily census offices do not construct
 

original m;ap.s thait require cemplex surveying .2 Ti/t. S o . , ucde.d
 
and htiQ v skilled survev'ors and cartographers,
 

but tIe. d us;e infor:':ation rom a variety of There shiould be base maps for every part
 

soIUrLce to L0produce1 M-ap ; for enuimeration and of the country that is to be included in the
 

numrartion r-IT.,ist all
u in maps census. For practically nations this means 

,of ndi.idi .EA.:,: leader maps, field a series of maps covering the entire country.
 

ind ~ccat raL -,i ficv maps. Pub1ica- The required maps are of two principal types:
 

-. tr: ':en.rr i ed raps of relat ivye ly (1) Maps of 
2nd or 3 ,d order divisions showing 
are .e .t ire country. Some places, transportation systems, water fea

tures, and important landmarks. These mapsi f%, 	 'rd order divisions and are used to delineate EA's in less densely 
settled areas.
 

t he LIi. Of i:!portait cities; others ma'.se
L- 10 


- dat. Fhe master raps from 
 (2) Maps of urban places and large settlements 

,,.:ich 	 tind publication are made showing complete street patterns, water
 
features, and important landmarks. These
ire cal ed >ase r=as . maps are used to delineate EA's in more 

densely settled areas.
 
'This chapter is concerned w,,ith compiling
 

hase rSeparate 	 base maps need not be prepared for;.aps for : i prep1aring, enumeration maps. 

I petjtre-;ent,;s ome detai! on the operations thlat the crew leaders or the field offices. CL areas 
reinvol)ved--from m'alir.g an inventory of map can be del.ineated at the same tlme as the EA's; 

nmateria s to pre paring instructions for draft- therefore, the same base maps can be reproduced 

M4 finalps. Techn iques for drrftini at a smaller scale for the crew leaders. Office 
base,:i mopap, "ol 1 a a p .) icat ion maps. re control maps can be made by combining Cl area 

discusse.d in 0,hapter 10. Preparation of maps mAps; often thay are large wall-size maps but at 

Sor pbic,:t i n is cov'ered in chapter 9. It a smaller scale than individual EA maps. 

-;Wauld be nat,.d that base maps prepared for 

Cnliiratlu pirpo;e; can often he used as base !.3 GeaC plin o p.epitig ba.e iaps 

map.; for p,,blication purposes. Maps to be used as enumeration base maps 

may be acquired from outside sources or they 
can be specially made by the geography staff. 

liase maps for the census enumeration are If the maps acquired from outside sources meet 
special purp )se" maps, designed with specific the criteria of good base maps, copies can be 

objectives in mind. These traps provide the used as base maps without change; this is par
means by which a co,,ntry can be divided into ticularly true if the maps are to be used to 
EA s, without oiiasIon or duplication of area. delineate EA's in rural. or sparsely populated 
Moreover, they ;hould show all administrative areas. The maps for urban or densely settled 
area boundaries and major features--everything areas mostin cases have to be changed in order 
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to be usable in a census; these maps often con-


tain 	much information that is not necessary for 


cen',us purposes and may be too crowded and con-


fu'sing after census information is added, 


In constructing base maps, the geography
 
staff may use map information from a number of 


sources; 
for areas for which no maps are avail-


able or for updating old maps, the staff may 


use air photos and sketches they have made, 


The assembled materials and tile instructions 

for their use constitute a "base map package." 

In general, enumeration base maps are com-


piled (or constructed) by 2nd order divisions. 


Base maps of densely populated areas are more 


complex and are made at a much larger scale 


than those of sparsely populated areas; there-


fore, an area such as a 2nd order division is 


normally covered on several base maps at dif-
ferent scales. 


2. SUMMARY OF OPERATIONS 


The steps to be followed In preparing base 
maps are summarized below: 

(1) 
List 	and code all areas for which enUmer-
ation mips are required. 


(2) 	Prepare an inventory of source materials 

(enumeration maps from previous censuses,

published maps, air photos, map sketches, 
etc.) already available in the files foreach area on the list; evaluate them for
 

suitabilitv as sources for base maps. 

(3) 	Set up a prioritybas mas mst
e pepaedeachlist of areas for which 
base 	maps must be prepa red. 

(4) 	Acquire needed source materials for each 
area 	on the list, to the extent possible, 

(5) 	Assemble materials for tile base map and 
instructions for drafting (map package). 

(6) 	As needed, obtain information from the 
field to correct and update maps and 
acquire any additilonal materials. 

(7) 	Draft the final base maps. 

(8) 	Review and verify the final base maps. 


(9) 	Reproduce the maps. 


Steps 7 and 9 are discussed in detail in
 

chapters 10 and 11 respectively. Using base
 

maps 	to delineate EA's and CL areas is covered
 

in chapter 7.
 

3. LISTING AND CODING OF AREAS
 

In order to ensure complete map coverage
 

of the country, a list should be prepared for
 

all administrative areas and all statistical
 

areas for which census data are to be tabu

lated. The list should be compiled by the NSO 

subject matter and geography staffs in consul

tation with various ministries that maintain 

official lists of administrativc divisions of 

the country. (During the early Ilanning stages 

of a census, a dec:sion will havc been made on 

the concept of urban place, rural hamlet, and 

rural balance.) After the list has been com
piled and verifiei., each area to be tabulated
 

separately should be assigned a unique idonti

fication (geographi.) code.
 

3.1 	 A-ea Ust 

The list of areas must include all admin

istrative and all statistical areas down to the
 
lowest level which are befor data to tabulated. 

Moreover the list should show the relationships 

among the lvels. One of th simplest ways is 
to start with the Ist order divisions. Within 
each 	1st order division, list 
each 	 2nd order 

division; within each 2nd order division, liSL 
'3r d order divi.;ion, etc., until a11 level1s 

have 	been accounted for. :enerally all levels
 

are listed in alphaeticai order. Figure ba 
illustrates a listing and geographic codes for 

a country that has five levels of administra
tive 	divisions (see section 3.2).
 

After compiling th list from available 
sources, the NSO should send a copy of the list 
for an area (district, barrio/village, or other
 

administrative division) to appropriate local 
officials for their review to ensure that the 
list 	is accurate and complete. The NSO should
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. !give 
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.. .After 

03 


0 3 999 99 9 

CIO 
00 050 '99 4 
06 522 99 1 

() 0)99 9q 9 

09 
Ou 07>9 9? 
09 220 99 4 

Q9")9 99 9 

1 

12 127 99 2 
'2 511 

12 511 01 2 
12 511 02 2 
12 672 99 A 

12 99q9 9 
15 
15 '67 99 3 
15 511 
15 511 03 2 

15 999 99 9 

03 
03 121 99 4 
n3I 1r5 99
 
103,0 999 9 9 

06 
06 281 

06 281 01 2 

06 281 02 2 

06 341 99 4 
0f) 999 99 9 

.:-,>T.e.) /The 

0 3Efourth 

03 329 99 2 

03 368 99 3 

03 999 99 9
 

06 

06 296 99 2 

them a date when all correctiohs and addi

tions should be returned to the NSO. When all 

the lists have been returned, the NSO should 

the final list of areas. 

3 2 G.ooupuI(c cliodbig 

the list is completed, each area 

must be coded according to the geographic code 

scheme that was dec ided on in the early stages 

is assigned toof planning. A unique number 

each area Cor which separate census data are 

to be tabulated. 

A geographic code scheme for a country Is 

illustrated in figure 6a. It assumes that the 

countrv has five administratlvt or statistical 

levels for purposes of the census tabulat ions.•C(Q 

A simple di agram of the country follows: 

PROVINCE 

] 
DI STR I CT 

V 
_ 

BARRIO/VILLAGE 

URBAN I RURAL 

PLACE iHAMLET i BALANCE 

WARD/ 
TRACT
 

code scheme for the country uses seven 

fields. The first is for province, the second 

for district, the third for barrio/village, tile 

for place (city or hamlet), tile fifth 

for ward/tract, and the sixth for type of place 

(as explained below). The seventh field has 

been reserved for the .A number, which is dis

cussed in chapter 7. 

Administ rativXe 
divisio,

Alec;ro Prtvhic,:o 

Ant tc(8i 41 -ct.t1 - " 

Ariel Ii.irro 

Ruro 0:-ianc0 

Cuta barrio 
Ber' IIM 
For ha 
Rural 

Doreta 
casn- tta 
iuts u l 

Rura 

Land is 


.)3 

Iarir 
,it" 

.. ..... 
.-

1arrio 

Eddv cit: 
i an i, r r it' 

Ward 1 
Ward 02 

Zuni hamlet 
Rural balance 

Moro barrio 
Berria ha:r.lt 
iangiers cit: 

W.'ard 03 
Rural balance 

(part) 

(part) 

Borrolo.la ,i;triet 

Caso vilagu 
Derry hamlet 
Fulni:nir ,I-.t 

Rural 

Dummo h:rri. 
Fartoun cit. 

Ward 01 
.rd 02 

Mitta hamlet 
Rural halan e 

Cobo Projvince 

Attia district 

Cellar 
Manga 
Nona 
Rural 

Lumba 

Kuna 

village 

city 
hamlet 
balonce 

vil]age 

city 

03 

o 3 05 

(3 05 

0, )5 
03 05 
03 015 

05 

03 05 
03 C5 
03 05 

()i ')a05 
U 3 05 

0 05 
3 16 

()3 05 
03 05 
03 05 

3i'; 5 

03 05 
03 5 
03 (,5 
0305 
03 05 

,3 10 

33 10 
o3 10 
o3 10 

1 

03 10 
03 10 

03 10 
03 10 

03 10 
03 10 

2., .5,'9L 

06 

06 0 5 

06 05 

06 05 
06 05 
06 05 

06 05 

06 05 
(etc. ) 

http:Borrolo.la
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The country has 19 provinces and from 13 

to 27 districts within a province. Therefore, 


two digits are assigned to prc.inces and two
 
to districts. 
Note that the first province is
 
assigned a code of 03 to allow for any 
future
 
province with a name that precedes Alegro in
 
alphabetical order; note also 
that the second
 
province is coded 06 
to allow for additions.
 
The same applies to districts; the flist one 

within the first province is coded 05 to allow
 
for any district that might be added ahead of
 
Antigua district, and the second is coded 10
Atiuao dtri a d t s e d ifigure 

Although barrios/villages are coded within
 
a district, all districts must be examined to
 
determine the highest number in any district. 
The highest number determines the number of 
ligits that must be allowed; for example, if 

most districts lave 9 or fewer and one has 13, 

then the code fiald must allow for two digits 
for barrios/villages in all districts. Figure 

6a assumes 17 as the highest number. As with 
provinces and districts, the code scheme allows 
for barrios/villages to be added in the future, 

Tile fourth field is for places (cities 

and hamlets). Places 
are generally coded in 

alphabetical order within provinces, since cen
sus publications present them in this form. 

In the example in figure 0a, three digits 
are 

assigned to allow for 
 the largest number in 
any province. Note that the rural balance of 

each barrio/village 
 is coded 999 in the "place" 
field to avoid having a blank field, which can 

confuse the persons 
 who are processing tihe data. 
Note also that, although it is not an adminis-

trative level, the rural 
 balance must be listed 

separately so that a code can be assigned to
 
it, 
 as in the case of Ariel barrio. 

If standard coding for places is desired, 
without change from census to Census, the nun-
bering scheme will need to have some gaps to 

allow for addition of places in alphabetical 

order. 
 Under such a plan, more digits would
 

be required in this field.
 

In most countries, the large cities are
 
subdivided into zones, wards, tracts, or other 

small areas; these may be administrative,or
 

purely statistical subdivisions. Even if the 
large city is not already subdivided, the ,NY.; 
will likely divide the city 
in some manner so
 
that the EA numbers 
(see chapter 7) will not
 
ex:ceed three digits, which is a manageable size 

The fifth field of the coding scheme shown in 

6a has been reserved for wards.
is Code 99entered in this field if not applicable. 

It is convenient for countries to code 

each place by type, which adds a sixth field 

to the code. In the example, a 1-digit code
 
distinguishes the following: 

Code Description 

1 Major or central city of a 
metropolitan area
 

2 Other urban place
 
3 Potential 
urban place, estimated 

to have a population within 20 
percent of thle minimum
 

4 percn he i
Rural hamlet 

9 Rural balance 

The codes for type of place are useful in
 
the data processing operation 
 to tabulate total 
urban population in each of the categories and
 
for extracting summary 
 data by type of place.
 
During the tabulation, the type code can be
 
automatically changed if the census results
 
indicate 
 a change; for example, a rural hamlet 
that becomes an urban place other than a cen
tral city can be changed from code 4 to code 2. 

As the example illustrates, the NSO would
 
attempt 
 to set up a code scheme that require, 
minimum change from census to census. Codes 
for at least the first three fields need not 
change; codes for places, type of place, and 

EA's will require change. 
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There are many variationt- in code schemes which areas (a) maps of acceptable quality are 

eich;nd country should plan the one that best available, (b) no maps, air photos, or other 

:-Uit:3 its needs, it large citi-, have several resource materials are available, and (c) newer 

,ove ,of ,;tdivisioas, such as blocks within and better maps are needed. 

no.' d2, ii [tional code fiel.d would be needed. 
4. 1 	 P, epa zg the *6nvenzto.q 

r1 .	 i f there iro several metre .: l itan 
i r:i 1 

1.1h,ia: contrv, another field :nay be used All resource materials on hand should be 

m_, that up each of the organized and filed in a systematic way; more-i,.,rtH make 

1 	 : the should be kept up-to-date~over, 	 inventory 

zs materials are acquired. One of the better
 

ways 	 to account for and controi the inventory 

iim. list_ of _l1 adninistrative areas for is through the use of a catalog, inventory 

hi~co esus data are to be taLulated was dis- cards, and index maps. In using these forms, 

cussed in sec'tion 5.1 above. To control the the first action is to decide how the materials 

work : teco-mpilation ;taff and to assure are to be organized. One way is zo number each 

tha t e n.st i.portant areas are completed map in any order, as long as it is identified 
firs:t, th. NSQ' .ild prepare a priority list, and cross-referenced in the files. A second, 

T n,eral, the :priority is follows: and probably the preferred way, is to number 
t 

1) Areas te be usecd n pretest ing the census	 each map within a i s or 2nd order division,
 

again with appropriate cross-references.
 
2) 	 Urban places ith Iarge number of EA's 

and other areas of high population growth 4.11 apcataloj ard.--For each map, a 

card 	would be prepared for the catalog, giving
(3) 	 Rural areas in the vicinity of major 

urban areas the map title, scale, date, source, catalog 

of the map in the file.
(-Ruralu arezi. of normal population growth 	 number, and location 

The purpose of the catalog is to provide easy 
(5) 	 Remote areas with sparse population reference. If a map covers several areas, a 

Within each of these groups of areas, highest card is prepared for each area; for example, 
priorithould he given to those for which if map 52 covers both Mari and Rota districts, 

n, maps )r resource materials are found in the two cards would be prepared--one to be filed 

files during the map inventory, under Mar district, and the other under Rota 

is not district. The map itself could be filed under
It should be noted that this list 

t-! h- r( garded as final; the priority of an Marl district, and an appropriate reference 
sheet filed under Rota district.
 

area 	 nay change as the compilation operation 

proce. For example, it may be discovered 4.12 Area inventory card.--The inventory 

that a rural area has become an area of high c,.rd is the basic record which describes the 

population growth. materials I'hat are available for an area, gives 

an evaluation of their major characteristics,
 

4. 	INVENTORY AL) EVALUATION and indicates the kind of field action that is 

Using the area list as a guide, an inven- needed, if any. A card should be prepared, and 

tory should be made of maps, air photos, and kept up-to-date, for each 2 nd order division on 

that 	could the area list (refer to section 3.1).other resource materials in the NSO 

be used in preparing base maps. The materials A suggested design for the card i shown 

should be evaluated In order to determine foi" In exhibit 6-1.. The identification of the 



114 MAPPING FOR CENSUSES AND SURVEYS
 

area 
to be mapped is entered in the upper right 
 materials are received and NSO action is taken
 
corner where it can be seen 
easily when search- Additional cards may be attached 
to the first
 
ing the files. 
 The rest of the card is divided card, as needed.
 

into two parts.
 

Part I is completed as the materials are 
 4.13 Index maps.--When the inventory is
 
examined for suitability as base maps or as 
 evaluated, it may be useful to make an index
 
resource documents. 
Note that aerial photo- map to show the areas for which acceptable map
 
graphs are to be included, especi.lly if good and air photos are available. The index map 
up-no-date map coverage does not 
exist, would show, in symbols draln freehand, the sta 

Part II of the card is used when any NSO tus and progress in obtaining map coverage ofthe areas 
in each major administrative divisioi
action is to be taken. 
 It provides information 
 Its value lies primarily in the fact that the 
on the specific action needed, the project or viewer can determine very quickly theprogram, the results the amountand of action. o.work still to 
be done to 
obtain complete cover.
 

In a continuing mapping program, the card age. 
The index map should be kept up-to-date 
for each area should be kept up-to-date as new as nore materials are acquired.
 

Figure 6b. INDEX MAP SHOWIG AREA COVERAGE FOR A PFHOTI.CE, RY DISTRICT 

ALEG1RO 'PROVINCE -03 

YUMA aL'jTr 

0 Cc -z 

IE [I, ,., 
 / / , . 

Key: 
 Nore Partial Complete ] Partial Complete 

urban urban 
 rural rural

Note: Using color instead of a variety of line patterns can be very effective--for exaqple,yellow lines for partial zurban, solid y/elZow fr2 cormplete urban, blue lines for partial rurczZ,

anid red lines for conpleti rzoaZ. 

http:PFHOTI.CE
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Figure 6b illustrates an index map for a 

province. The various line patterns indicate 
the status and progress in acquiring suitable 

maps for each district. Note that the use of 

color, instead of black and white, can be very 

effective. 

Although the actual selection of materials 

to be used for the base maps is done during the 

compilation process, the possible use of each 

map or photo Tqhould bc evaluated -,:hen the in-

ventorv is being prepared. Additionally, the 

person doing the inventory should note on the 

inventory card any special characteristics of 

the materials such as "this map shows the loca-

tion of powoer lines and radio stations." If
 

some of the evaluation is done 
at the time of 
the inventoryv, it will reduce~the amount of 

,,ork for the conpilcr'. 

The person doing the inventory must know 

the requirements of a good base map and the map 

specifications for each type of area, a, agreed 

to by the NSO Geography and Field Divisions. He 

should be guided by such considerations as the 


following: 
 Can the map be user as a primary 

source or should it be used as a supplementary 

source' Does the map contain all of the infor-


mation needed for census enumeration? Is the 

map at an appropriate scale for the type of 


area covered? Is the information on the map 


shown in standard symbcls? Is the information 

on the nap up-to-date? 


Characteristics required of good base maps 


include: appropriate scale, coverage of natural 


and man-made features, readability, timeliness, 


accuracy, standardized information, ease of 
re-


production, and ease of storage and handling, 


Not all of the maps available will meet all of 


the criteria, but they may have valuable infor-


mation which can be used to compile a good base 


map. (For more detail on evaluation, see section 
6 of this chapter and section 7 o chapter 3.) 

5. SOURCES OF MATERIALS 

Ideally, collecting maps between censuses
 

should be undertaken on a continuing basis. If
 

this is done, then the time and money needed
 

for map preparation for any one census will be
 

minimizcd and the quality of the maps will beimproved. 
 Unfortunately, 
many countries do
 
not have a continuing program. Therefore, an
 

attempt should be made to collect maps as 
one
 

of the first projects of the census program. 

It is not necessary to wait for the findings
 

of the inventory to discover which areas have
 

poor map coverage; it can be assumed that al

most all maps that are collected will be useful
 

in developing base maps.
 

To develop a continuing source of maps, 

it should be possible to establish an arrange
ment whereby the NSO would receive two copies

of every new map that 
is published or made for
 
official use in the country; in turn, the NSO
 

should be willing to collaborate with other
 

agencies that have mapping programs, Such a
 

program permits the NSO geographic staff to be
 

aware, on a continuing basis, of at least 
some
 

of the types of current maps that are available
 

and some 
of the areas that have been covered
 

by recent mapping. The coverage may not be
 

complete, but it permits the NSO to 
begin a
 

mapping program on a firm base with some maps
 

on file and some personnel familiar with these
 

maps, rather than to begin with no maps and no
 

experienced personnel.
 

If a map is copyrighted, permission to 
use
 

it, even in redrafted form, must be obtained
 

from the copyright owner. This applies largely
 

to maps from private sources, although some
 

government agencies may copyright their maps.
 

Often an agreement can be made that these maps
 

will not be used for anything but census pur

poses. Without such assurance, the agencies
 

may not be willing to cooperate, even in the
 
matter of indicating that certain maps exist.
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5. 1 NSO 4oucez 

If the country has had previous censuses, 


it is assumed that the NSO would first examine 


the maps that were used in those censuses. The 


next step would be to contact various outside 


agencies; if there still are areas not covered 


by suitable maps, the NSO staff may need to 


obtain its own air photos or make map sketches, 


Air photos may be obtained by contracting 

with private commercial aerial photog.raphers 


to provide pictures to the NSO. 
In some cases
 

the military may agree to fly training missions
 

over areas specified by the NSO. Chapter 4 of
 

this manual discusses the interpretation and 
uses of air photos for census purposes. Sketch
 
mapping, described in chapter 5, also can pro-


vide some of the map materials that are needed
 

for a census. However, because of the time and
 

cost involved, sketching usually is limited to
 

supplying additional details in selected areas.
 

5.2 Natconae Ca'ctogaplcc SniVce 

A major source of maps in many countries
 
is the National Cartographic Service. It may 


be known as the "Geographic Institute" or by a 

similar name. It may he a civilian or military 

agency and may have, as part of its title, a 
word like "military," "geological," "defense," 

or "nautical." These organizations usually use 

engineering techniques to plot basic map infor-

mation. They prepare topographic maps, which 
are often made available for large areas of 

many countries. The maps may range in scale 
from map sheets at 1:250,000 to map sheets at 

1:12,000 or larger. Also, they may have aerial 

photographs available. 

There usually are no restrictions on the 

use of the country's topographic map sheets 

because they are produced by the government 

and are available for public use. The newest 


editions of this type of sheet should be among 

the first maps to be collected. Topographic 

maps show the precise location of natural and
 

man-made features and can be transformed into
 

excellent bases for census maps by tracing or
 

by photographic reproduction. The topographic
 

mapping program is usually a continuing one,
 

but progress is slow Ii many countries because
 

of the precision work invclved and because of
 

lack of funds. Census base maps that involved
 
less precise mapping in earlier years should be 
replaced by topographic sheets as they become
 

available.
 

T'he acquisition of maps need not be a one

way flow from the cartographic office to the 

NSO. The NSO, especially after the census cnu

meration, can give the National Cartographic
 

Service information it received
has from local 
offices, such as names and correct spellings 

of surface features and places. It can give 

the cartographic agency the correct population 

and the location of administrative boundaries. 

Reciprocal relationships such theseas can be 

arranged between the two offices at the time 
the cens'is mapping program begins. 

5.3 Othzv govetamnit soutces 

Many other government agencies may have
 

special map information of value to the 
 census
 

operations. For example, highway agencies 
 may
 
have maps 
 of the road network; ministries of 
natural resources, lands, or conservation may 

have maps of special areas such as forests or 

river basins; an agricultural ministry may have 
soil and land use maps; defense agencies, which 

are usually a good source for air photos, may 

have coverage of training sites and other in

stallations of an unclassified nature, as well 

as seaports, coastal areas, and areas near the 

country's borders; housing agencies may have 

maps or street plans of new housing develop

ments; and the postal service may have useful 
maps showing postal routes.
 

Still other possible sources include city 

and district planning departments, development 
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banks, government-owned public utilities, and Census planners in many countries have 

health and education agencies, local govern- found useful map information in offices that 

mentis m1y' he able to furnish map.- from police, might be considered very unlikely sources. 

fire, lit lltI, sanitation, and h iglwa .' depart- Market researchers, road builders, investment 

mentu;, firms, and land settlement and mining companies 

Y 11 L a T1t i-.:lh I IL aI-program offlices in the	 have been able to supply special maps at use

ful census map scales of areas not covered by
mini atric; of public health in vartous tropical
 

government mapping agencies. Some examples of
countries are sources that have been used to 

god In program, the teams of such maps include a plantation company's mapadvantage. this 


worer ned00o 
 iden tif ic .t ion of each IW[ 	 in of its railway lines or a utility company's map 

is showing the plan and extent of its service andtAheiir aL.,; . ,:.r: ,, ,s ect ', t i r ,ork 

the pr aration of crudc sketci miap, Showing market area. 

the pp'o.ic'at ;,;i-.'r; and locations of' JIU's 

for hundlreds4 of i ut S'tti MOnts 6. CHARACTERISTICS OF GOOD BASE MAPS
 

and for man, arta- of dispersed rural settle- The compiler who selects materials and 

ments. This mae :eellent information for prepares instructions for constructing a base 

the googra ph: taf f of the , e%'..,n though map needs to know what characteristics a good 

the al ity aid reliability of these sketches base map should have. It is expected that he 

;a, vary orvat1v from area to area. will not find maps that have all the desired 

qualities. Experience and judgment must guide
 

him in deciding whether to accept or reject a 

InternationL-i agencies such as the World particular map, photo, or other resource docu

bank may have ,ocd maps and air photos that ment. 

eo;;Id e ,ose ti e census. Age.ucies of other 
6. 1 Appop, ate scafe','vernmcnts mni'.I or air pi:otoMap co.era.e 

of la,, n- the ,orld; the'.v ma': be able It is recommended that the number of dif

provid. , s - ti-se -r.ite-rials to the ferent map scales used for base maps be held to 

S'k). Si. aioeucies i 1n: ude tile V. S. (:eoloichal a minimum. This will reduce confusion and pos-

Sure , the 1;t -ra:erican (kodetto Surye', the sible errors among the enumerators, supervisors, 

:at .. ;u~;i I ics and Space Administra- and office staffs. For EA base maps, ordinarilyaA,:;ront 

tiom (XASA), or the Britisih Ordinance Survey larger-scale maps are needed for urban areas and 

and tli, Britisi, 1lpartment of overseas Surveys. smaller-scale maps are needed for rural areas; 

however, within each category, there oIhould be 
5.5 P'i(lt '.,C.5 	 as little variation as possible. (Maps for CL 

Under the heading of private sourc(es are areas and for office control areas may be re

included land developers; commercial producers produced at a smaller scale.) Before they col

and processors of agricultural products; farm lect materials for base maps, the NSO Geography 

cooperatives; oil and gat; companies; construc- and Field Division staffs should agree on the 

tion firms; telephone, telegraph, power, and range of scales that will be suitable for census 

water companies; air, rail, and trucking com- use. Ideally, for EA base maps, there should 

panics; engineering organizations; insurance be no more than two urban and two rural scales 

companies; cartographic firms; commercial aerial nationwide. In figure 6c are suggested map 

photographers; and others, scales for various types of areas. 
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Figure 6c. 5UGGESTI) SCALES FOR 144PS1 Of' 
VArOUS7 TYPES OF AREAS 

Aept- on1:250,000 
Tpof Accept- Ikon ImilIe onType 	of able ground ground 


ara scale equals-- equals---a
 
--I 


Large urban 1:12,500 8 to 40 5 to 25 
place to cili inches 

1:2,5O0 on map on map 

Small urban 1:25,000 4 to 20 2.5 to 12.5 
place or to cm inches
 
rural hamlet 1:5,000 on map on map 


Other rural 1:50,000 2 -o 4 1.25 to 2.5 
area to cM inchv, 

1:25,000 on map onl mf 

Remote rural 1:250,000 0.4 to 2 0.25 to 1.25 
area to cm inches 

1:50,000 on map on map 


For rural areas of the same type in an ad-


ministrative division, it is desirable to have 

the enumeration maps of the same scale, so as 

to avoid problems of matching different scales 
in the fiLeld. Likewise, all maps for a city 

or large settlement should be of one scale and, 

to the extent possible, that scale should be 

large enough that double lines are used for 

such 	 features as streets, roads, and rivers. 

Since these features are used to delimit EA's, 

It is helpful to the field staff if EA bound-

aries are drawn down the middle of the feature, 

Although consistent scales are desirable, 

it is not always practical to insist on such 

consistency. If maps at slightly different 

scales are otherwise quite usable, it may be 

uneconomical. to change the scale, 

In urban areas, streets, blocks, and such 

easily identifiable landmarks as churches and 

schools, should be shown on EA base maps. Thus, 

thle ma~ip scaie should be large enough to show 

these features clearly. According to figure 

6c, the sugg._sted scale is 1:12,500 to 1:2,500. 

At the other extreme, maps for deserts, moun-

tainous areas, and remote grasslands with sparse
 

population can use smaller scales, ranging from
 

to 1:50,000. For hamlets and small
 
settlements, suggested scales would be between
 

those for large urban places and remote rural
 

areas. Whatever scale is used for rural areas,
 
it should be large enough to show details that
 
are needed by the enumerators without having
 

to use numerous insets.
 

6.2 	 Appropriatc 4eatw"ets 

The enumeration base maps need to show all
 
features that could be useful to the staff ..,an 
delineating EA's and helpful to enumerators and
 

crew 	 leaders when traveling in their assigned 
areas. Features which should be shown on base 
maps 	 include the following: 

(1) 	 All administrative boundaries. 

(2) 	 Transportation and communication features
 
such as rivers, canals, bridges, roads,
trails, railroads, major telephone and 

power lines, and ridge lines. 

(3) 	 Landmarks such as schools; churches; parks; 
cemeteries; playgrounds; and large government, commercial, and industrial buildings. 

(4) 	 Place names and feature names spelled 

correctly and located so that there is no 
doubt as to which feature the name belongs. 

Maps used for control in the :"So and for I s t 

order divisions need not show the same amount 

of detail. Administrative boundaries, location 

of places, and important tra-'.portation systems 

may be the only detail necessary. 

6.3 cadabiUu mid Cctcy 

A good base map should be legible and easy 

to read. All lettering and svmbols should be 

clearly seen and easily understood. They must 
be legible even when the map is reproduced at 

a smaller scale. Readability "s very importanot; 

maps frequently must 1:e used by persons who have 
had little or no experience in map reading. 

The accuracy of distance from one feature 

symbol to another as shown on the map is less 
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important than the accurate placeiient of the canvasses it. An additional advantage is that 

symbols in relat ion to each other. For example, double lines make streets easier to recognize. 

whether or iot a feature is shown exactly 50 On a black and white map, if a street is shown 

meters from a road ij not as important as Show- by a single line, it can be mistaken for other 

ing it on the correct -ide of the road. features similarly indicated, s,.nh as a stream, 

canal, administrative boundary, etc. Time and 

T " costs, nevertheless, often dictate that streets 

It i.; , en, itiai for the cnumerator that be showm as single lines; if some maps for an 
the inf a rmation c" no~e ieps be asep-to-late area have double Lines and some have single 

as pus ible ad tha.t it include major features lines, but are otherwise quite adequate, it may 
(part iculartc: ai-:u:,ed o, s)1. lhe date of the he too costly to redraft the maps for the sake 

Solrce' lteri aver:, iLp; tran c . Old source of consistencv. 

aral revised 
6.6 Ea-5,: o4 zecpteduction 

before has a are Cc maj'rected6 

A number of copies usually are needed of 
all census maps. The original copy of the 

Information shou!.Ld 1-c <hwown in standard- base map, therefore, must be on material. from 

ized format; that i.-, certain items and symbols which it is possible to make suitable copies 

should be the same on all mans. Some of these quicklv, easilv, ind at low cst. Ord i ne r i V, 

items are: the ori inal copy must be w,'ithout col,r. (Se 

(1) Conplc to t ii.1, id i,,nl:'jiin.- t no ara that chaep ter 11 for details ol repr i,ducing maps.) 

ks eOvt.r' '11(a 1,>: :')rpoeus oe tle man 
(,wherbor a r r, ,::m, rato r, cr leader, 6.7 Easctof 5toage and haizd~ig 
or of ice> tL I 

Base maps should be made on paper sizes 
(2) 1dnt if'1 eif a h i!inistrat ivu area that will fit in map drawers with no more than 

(or part o area) that ia snown on the map 
one fold. ideally, the base maps shun ld not be 

(3) aev -hul tise a, as,,:,: rcee drafted, larger than 1.-meters by 1 meter (approximately 
or reieaddn....'~ aterials 

(4) N.orth ar rc,. fert"use as a directi,-nal, guide ( 
48 inches by 
size of most 

36 inches), 

map cabinet 

which is 

drawers. 

the standard 

(5) Graphic -,into :tnd, ' in ',hnit z ti, ]lineinith its divided I Very large maps have some disadvantages. 

'rhey are awkward for draftsmen to work on, and 
6) tand format of legend often they are too large for the map tables. 

(7) Cea:i.tnt -v ,,s 	 Furthermore, few photographic laboratories and 

printing establishments 	 have equipment that 

such maps; this is in
in .::in c.,.;, the difference in scale or 

lack of time and ru..nurces will prevent using can photograph or print 

is to be changed, or if
the same symbol for a particular feature on portant if the scale 


all. maps. For e:m L~e, tl: us of double lines redrafting and tracing are to be minimized.
 

for streets and roads i.; 	 preferred for censu; 

7. BASE MAP PACKAGEmapping ; :in EA buun''ar' ,,hich ;oes,1,(ii the 

middle of the street tells the enumetrator that As mentioned earlier, compilation consists 

one side of the street is wi.thin hia EA and the of (a) selecting source materials from which 

other is not. Double lines make it possible base maps are prepared and (b) writing instruc

for him to mark each side of the street as he tions for the draftsman on how he is to use the 
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materials. 
The selected ,'iterials and instruc-

tions make up the base map package. Individual 


tasks are summarized below, 


(1) 	 Obtain file of materials and the Inventory
Card. Verify that all materials listed 
on the Inventory Card are in the file, and
that 	all materials in the file are listed 
on the Inventory Card. 

(2) 	 Review all the materials starting with the 
ones that are of possible use, as noted onthe Inventory Card. 

(3) 	 Socot primary and supp hmen try source
materials (maps, air photos, or sketch 
maps) for each ty"p 	 of area. Hakc- notes 
on the deletions to be nacic, sealoes tobe changed, features to be added, etc. 

(4) Prepare the specifi.c instructions for tile
draftsman. 

As a rule, the compiler should work with
 
one area at a time--first all the rural, then
 
each urban place or settlement. There should
 

be a certain amount of checking back and forth 
to ersur that the boundaries for each adminis
tratlve division are consistent on all of tile 
maps. Whatever field work is required should 


be requested and done at one time for the area 

covered by the map package. 


7. 1 	 04ganiztng the map packagc 

A package is assembled for each adminis-

trative division or place for which EA maps are 

needed. In most countries, the administrative 


level for which 
 map packages may be assembled 

conveniently Is the 
 2nd order division, which 

consists of units such as districts or munici-
pal it les. A map package often will contain 

the materials and instruetions for two or more 

base maps, as when a district Includes one or 
more cities or hamlets for which separate maps 
are needed, 

7.11.. urpse of . ma,1.aeka,,e.--There is 
an advantage to keeping together all maps, air 

photos, other materials, and int:.tictions for 
all parts of an administrative area, Including 

urban places, rural hamlet., and rural balance. 

Thus, one administrative area or several con
tiguous areas can be assigned to one person or
 

one group of persons to evaluate and compile.
 

Otherwise, if the maps for all urban places
throughout the country were to be handled by 

one group, rural hamlets by another, and other 
rural areas by a third group, it would be diffi

cult to check all the boundaries for accuracy
and consistency from map to map. As a result, 
errors in map coverage could occur more 	 easily. 

7.12 Description of ma_p__k _g_ecover.--
It is suggested that a large envelope or folder 

(made of plain wrapping paper that is folded)
 
be made for each administrative 
 area for which 

the map package is being prepared. The folder 

can be used to hold all the materials that are 
to be used for that area. If the same source
 

map is to be used 
 for two different administra
tive areas and only one copy is available, that 
copy" can be put in the folder for one area and
 

a cross-reference made both
on folders. 

The folder should be slightly larger than
 

the largest materials they will hold but not
 

too large to fit the map drawers in which they
 
will be filed. It is suggested that important
 
control information be placed on the cover of
 

the folder so that it will be easy to locate
 
materials and determine when all materials for
 

an area are ready for the draftsman. Suggested 

control items can be printed and pasted on the 
cover. As illustrated in exhibits 6-2 and 6-3, 

they 	 My inelde tile folowing: 

(1) 	 Name and code of the major administrative 
area--the area(s) covered in the package.
For convenience, the name and code should
be printed in large numbers and letters. 

(2) 	 Area list for the major administrative 

area. This is a portion of the area list 
referred to earlier in section 3.1 of this
chapter. It is assumed that tile total 
list of tile country will be printed and
the appropriate piece can be pasted on the 
cover of the map package. 

(3) 	 List of materials selected for preparing 

the base maps. 
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(!i) Record of feld %,'ork re se,t, 

5) List )I oper LiOis ne dt i and tihe name of 

the per,,;on carr i'x,ou the. activity. 

,r Iiud Iallava itabe 

tI'- r he m3kL 

ht, ould I ik.. 

t. * ! '" ,'V ,I : i ,I .. ii t h' balse imap. 

ji ,1 : :. '¢ O ;,.Al ; l,r oatl h tlrb,1ll 

1 V 1 1 d 

{ :i :,'"l =: '.:at : : Al!:-:i _itI'ative area . 

i 1or 

Ill 1'k 	 illhi; th is map. 
'..'vi~d .. ...:.te)-ee,tit)n thrs .ott!;::.1.,,:!.% interested 

i:.! . i"::t , t* are 'i:-

AI' , ":lhmap considtred 
::r!-.. abl .; urcts" -)1 infermnt ion? 

3) 	 is the in.:atin ox rcnt date. 

(4 	 1 -; t pas.; 111,, Lr d i rat)Ie to check the 

or ig i:n sou re, a th:t thi,.map 7--aker used? 

t 

to the prolhibi relinbihit: of tiu typo of in

formation ', cans ider.':d a nar ticula r Wi:p.:ino . 

For e.a7ple, a mn madc !t a.,::i planner or a 

rea! e>;2te ic, loper m. %not h. rel.iable in 

5 ho1, 'inC -tree ,: t hat ro other map shows . They 

may ''ii lammed" atret , drawn on thie map but 

not oni ground re furred totinO-n til (often 

a ; "paper tlre t thc intended toi); may be 

iriorei)u -ater,, and business .ien. The relia-
bill-': um tie in!amataion must he established 

tar) in t . 1;election process. Air photos, if 
alvailabl*, ma-.' helIp fl in th i-.re ;pect 

In lxoa;t Cases, mitaps fromn previoees conSU 

should b,, reviewed first. Before using them 

again or dis;carding them, however, the compiler 

should con;ider the following: 

(I) 	 I- there other mnap coverage that is more 

reicent and more reliable? 

fe ature: to the census maps. Do they 
appear on new maps that are available? 
if not, theul is tihe new map more re

liable thall the cenlslis map? 

I f no new map coverage exists, then the 

old maps; must he used. If there are new maps, 

but t hey do not show all tihe desirable informa

t ion that the old maps show. tihe base map may 

nod to be a composite of old and new maps. 

1a 1I If there 	 is no adequate map coverage, the 

be from air photos and, inbLise maps call made 

so:,e instan ces, from enlarged satellite images. 

of photosF additional information oil the use 

and sate lIit imamery, refer to chapters 4 and 

14. Sketch .	 described in chapter aremap ' 	 5, 

normi] lv u:ed to prepare base maps- for an 

ent ire ad .inistrat. ive area because of tile size 

of the areln to bt covered. Some kind of map 

or photo which b asinformation (c-anl used a 

nbgse .h;ould be ;ou!ht. Sketches are best used 

to fill in det;i I in ;vlected parts of tie 

area for 'h e aa few main features already are 

plotted from other sources, and for which there 

ar. no puhli;hed maps or air photos that show 

the requirc.d deLtailS. 

J 7.21 (.ons tderat ions in d rafting completely 

ne,._ps . -- I f the. primary source is chosen care

fully, aI completely new map may not be needed; 

t he primary source map May hIe use,. as a base. 

.'Unncs2Ca.' details can be deleted from thisi.-;lry 

i::np,detm ili.afrom other maps can be added, and 

the scale c'an be changed (if needed) through 

photo;,raphy. In many cases, an existing map 
eay be photocopied 	 at all enlarged scale and 

unwalLted or incorrect features removed ol the 
photo negative. On a print nof the modi.fied 

map, 	 additional features may le drawn. 

In some cases, the compiler will prefer 

to draft a new milap, taking only those features 

he wants from a variety of materials. This 

practice eliminates unnecessary features that 

clutter most maps and confuse the enumerators. 

and Also, 	 drafting a new map permits the standard(2) 	 In the earlier census, crew leaders 

other field staff may have added some ization of symbol.,. 
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Making a new map, however, is more costly 

and time consuming than using an existing map 


which may be usable but not necessarily ideal 
for census use. Moreover, making a new map may 

introduce some errors. 
 Using an existing map
 
or constructing a new one 
is a matter of judg-


ment for the compiler, who must consider the
 

cost involved in the two alternatives and the
 

resources available for base map preparation-
money, material, personnel, etc. Ilemust be 
able to judge the amount of modification that 

needs to be made to an existing map, and must 


be able to evaluate and anticipate the effect 


of his choice on 
the work of the enumerator. 


7.22 Primary and supplementary sources.--


Usually a primary source is a map that 
provides 


a large part of the information to be shown on 


the base map. It is chosen because it has more 

of the information needed than does any other 

map, and has relatively little unwanted infer-
mation. When tle compiler selects the primary 

source, be should choose the material that will 
be tle most important source of basic informa-

tion for the enumeration map of a given area; 


that is, the source that has most of tile char-


acteristics of a good 
 base map. In some cases, 
one suitable source may not exist. The com-

plier will have to select several maps or air 

photos which can be combined to make the base 

map. In other cases, he may have to choose 

maps that are of a much smaller scale than is 
desirable and which contain only generalized 


information about tile area. 


Many primary sources will not contain all 

the details that may he needed on tie base map. 

Therefore, supplementary materials will have 

to be chosen. These may be air photos, which 
do not make ideal maps of large areas by them-

selves, or maps of local areas which emphasize 

one particular type of information such as 

boundaries. Any map or photo which shows addi-

tional detail or which may be newer than the 

primary source, even if it does not cover the
 
entire area, can be used as a supplementary
 

source.
 

If both older maps and recent air photos
 

are available, it is wiser to choose the maps 
as the primary source. Detail can be added
 

to time maps from the photos; if photos c'ion

are used, entire maps may need to be drafted. 

After selecting the primary source, the
 

compiler should examine all of the other avail

able materials to see 
if they contain informa

tion worth adding to the primary source.
 

7.23 Sources for rural areas.--Normally
 

topographic map sheets make the best primary
 

source maps for rural areas. Planimetric maps,
 

which are topographic maps without elevation 

contours, are even better if they are made to 
the same standards of horizontal accuracy as
 

topographic maps. The contour lines of a topo
graphic map clutter the map and can be mistaken 

for roads or streams when the map is photocopied 

Unfortunately, planimetric maps are not nearly 
as common as topographic maps. For purposes of 

this manual, topographic maps are cited as the 
most common desirable base maps. 

The great advant; ;e of a topographic map 

(or a planimetric map) is that the features are
 

more accurately plotted in relationship to each 

other than on any other map. If the map is out

of-date or at such small scale that detail is
 
not shown 
 (for example, a scale of 1:250,000),
 

the 
 scale can be enlarged and new information 

can be added with some confidence that the map 

is reasonably correct. Ordinarily, topographic 

maps should be used whenever available. 

If topographic maps are not available, 

the compiler should look for other map; with 

extensive coverage--highway maps, transporta

tion maps, and the like. If several types of 
coverage exist for a rural area, it is u.ually 

best to use the topographic sheet as the base 
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even though another map (for example, a highway special purpose, -.t may not be true to scale 

map) may be more up-to-date. The topographic and may be undesirable for a primary source. 

map gives accurate bocational infornatioLn ne; ' However, such maps may provide street niames 

roads and dove Iopmen t s shown on highway maps and the location of landmarks for allotherwise 

can be trans)erred to the topoi;raphic 7hiet. -ood primary source that does not have them. 

When pofsi li, maps Ieected for rtral As stated before, the problem with most 
areas shouId <o-o .,d in i.t rat i ye boundaries, existing urban maps is that they show too miuch 

Even i.fthe .1:Aiist rat iv, area lines are not detail. The compiler should choose the map 

up-to-date, it is eae ier and qu icker to make (or maps) with the most reliability and with 

addit ion,; ana corrections to them than it is the least amount of unnecessary detail. It is 

to plot an .,. 0:irc, :IuIVdmries. easier to add the necessary detail, to a rela-

In a ft, cetric, atllite images have tively uncluttered map than to redraft a new 

.e maps of map because there are too many deletions. Tile:ake.. 

rural area s c.,'he r ape; features on maps be to 
been used su i ' tc 

qo .- ,.,'eravailable urban should limited 

or .dien e:otli .:p "',re : ,' , t-of-dat". streets, parks, cemeteries, schools, 

bridges, important commercia and 
or uboundaries, 

have had churches, g s, important commercialhad 
c. 'A:; muntrtiotned lt,I , 

simil.ar landmarks. 
' ~industrial buildings, and 

as erNames of major fecatures should be shown. Al so, 
rn < ':"hot-. -5 

reor to 

,ht Il it is preferable that the map show peripheral 

aS er'ulm.crat i,n: 2:.t- rntaIi:. aireasl cc 

chapter ; fo~r :"" 

built-up areas outside the current city limits.
7.2" "' " a.....ura.... c" s-

-- The place may have grown since the map was made. 
ap; el.lst for t ! -. n p c ; throughi- Furthermore, if it grows tiuthe future and tile 

out tile ,,'orld. !: <rlii ta~c; ie: do riot limits are extended, then the base map can be 

extend far e'lll h cnc::aa:s a 1l:the urbn. used again. 

area, but at l. thw :i ;t I' * :.,i-can form 

the nulclei to s thvr -an 'De 7."5 Sources for small urban places and 

added. For min. lar ,rlan p lat h;,several hamlets.--In man cases, separate maps for 

rc,_-. 1i the compilerpr I ma ry ou :,i nd.d to ,over small urban places do riot exist. The 

c')mplete ar,-.a at ; Ita) I scale (see figure should check to see if there is a rural. area 

6c for stgge:;tted :o ii .s). map that shows the place in detail. Sometimes 

The source ,iftiue mfap, its relative accu- this type of place is shown Il an inset on a 

of the urban rural map. Air photos also can )-,,used and, If 
racy, its !calt-, and the extent 

nothing else, the compiler may have to requestarua cov..red .mhould be used as the basis for 

Satellite imagery may be used,evaltIu;mt inn the ii.efulness of a map as a primary map sketching. 

source,. Part icul ar attention should be given not as a substitute for a map of tile place, but 

on to identify the existence of small or isolatedto the date alli! source of the inforr tion 

A!; mentioned earlier, city settlements.street patt.erns. 

plaiinin;; maps might snow stre. tf; that exist on As with large urban areas, the compiler 

paper only--as a he, ins development is planned must use judgment in selecting the best sources. 

to be, not as it currently exists. Such maps For example, both topographic ard area planning 

should be checked carefully because census maps maps may be available. Although the planning 

should show onl, what really exists. If a map maps may be reliable, they may be of such large 

is made for tourist orientation or some other scale that the size and number of sheets means 

http:simil.ar
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reducing them in scale and combining them--a 
time-consuming and costly job. 
Therefore, it 
would be better to use the topographic map as 
tile base, even though the scale would need to 
be changed and up-to-date detail added from the 
large-scale planning maps. 

?.3 Paepaau1 o d~'aft~hg .t'tucticor5 

After sellect- the source materials, the 
compiler should prepare specific instructions 

for the draftsman to follow. The instructions 
can be given in-severa l forms: (a) riot es on a 
separate piece of paper that is attached to the 

materials, (h) overlays or tracings of source 

[irate rials with in t rct ions writtLi Oil tlIRin, 

(c) notes or markings on copies of the oriinal 

source materials, or (d) combination of notes 

and tracings. It is siongly suggested that 

copies or overlays of source materials be used; 
notes should not he made directly on tire source 

materials (unless it is being updated as the 


official map of the area). A portion of a map 


package, with brief drafting instructions, is 


illustrated in exhibit 6 6. 

7.31 Using the primary!source.--Thre best 

way to make use of tire primary source is Lo 


make a copy of it. The copy can be made at tie
 
desired scale (see section 7.4 below), then
 
unwanted information can he deleted and infer

mation from supplementary .lources can be added.
 
'If tire additionrs ann delet ions 
 are carefullyi ' ea-O 
done, tire corpy itself may serve as the manru

script base map from which subsequent copies 

can be made. lowever, if there are too many 
changes, or if they are not iade neatlv and 
clearly, a new map should be Made by tracing 
a copy of tire primary source rf ter all tire 

needed changes have been plotted or otherwise 

indicated on it. 

7.32 Using supplementarv sources.--As a 

rule, each supplementary source contains only 


a relatively few pieces of information for the 


base map. 
 The most common way of indicating 


what features are to be taken from tile supple
mentary source is to mark them on a copy of 

the supplementary source or to list thern on a
 

separate piece of paper. (See section 7.4 if 
the scale is to be chair ged.) Making; coMIpI ete 

tracings of supplementary sources is generally 

not necessary, since most of the information 
on the supplementary source will not be used. 

The compiler must be careful to ensure 

that thle features taken from supplementary
 

sources 
will fit into the proper spaces on the 
primary map. 
 Usually the primary and supple
mentary maps have features that appear on 
both,
 

and these can be used to establish the properlocation of thoase to be taken from the supple

nientary sour'ce . (See chap ter 110for dt alils
 

on es tabli siring the location of feat ures.)
 

7.33 _ photos.--i using aerial 

photography, the compiler should first refer 

to the photo index to ensure that the air photo 
is properly identified and does indeed show the 

desired area. Theni he should mark the photo to 
indicate which features are to he taken from it. 
lie can use various colored grease pencils to
 
trace the 
 features on the photo itself before1resends it to tie draftsnan, being sure to 

provide a key'; for example, he may have used
 
red for roads, blue for 
 rivers and streams, and 

green for dwellings, etc. Names of places and 

features should be written on the back of the

photo; sometimes 
 a field check is necessary toobtain soie of the naies. Refer to chapter 4for details on tie usoof aerial photographs 

in the census. 

7.4 Claiigbig 5cate 

The compiler must make a decision as to
 
which scale will be the best for 
the base map.
 

If the scale is to be changed, he ray request
 
photographic enlargement or reduction; 
or he
 
may specify sonic other method involving draft

ing equipment and drafting procedure, depending
 

on the type of equipment available, the skill
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of the draftsman, and tihe amount of information 

Lo be taken from the sources. For example, most 

topo-raphic sheet; are published at a scale of 

.: 50, ) or i.AI!Cr; rarely are the, found to 

,he at ,1,, lrgr than 1:25, 000. For mo St 

.:')e : , . In manv case.-s 

I r~ictd :hiap sheets would need 

, bc-n r oe; Lhat part o: t honla topographic 
.,: ,i: ! ,.t :;~c a-. -rh': p ac w [! need to be 

from the rural. 
t~~~~~~i Ft-eprm~r

:-tn. .'it,,t,, 1 0, as the prim~ary 

..1r i- to l, earged.
. :.Ld :.el 

,Ii , r fr: t,.o or 'orsources must 


,-;. r to -:'Ve aa-npIlte COVerage for 


Il i tr !ti% ' a rea. if thL
'!-'il. Ir scales 

r :, 7 :, r t h, brk.'iht to thuC -ca!e C)f. 

tr anotherto 
: A:'r, i , Tn yi. .ould to:bet;:z# ,I 	 c, need 

r,.,,ie ,r 	 match.ry~od -:,t at t~ev ~e~t and 

Pr: . ow'. l'tV' .:r. shown on 
,>, b t n, ):ap T oth,:r .71ap1<-ntirut.d o!nCit. will 

M' .L! LO I ru-Cl.' 'd, Lgeancrailv- 1)v conltacting 

!',,,el, ; 

ordinaril,', it i A not nocssary to cuange 

,- ,a!, uf a -a:ppl wtar:. S,'rce , sice only 

S ,. !:: t. 1d.ttrtS; art, ti 1,e- tlken from it. 

l ,om:pil,?r can ppr, rough tracin, s or map 

'.to Ldict hih features are to be 

tran.errd and whethr to cn are or reduce 

0hem. 


7.41 " c lion o _lhnin:' srale.--The 

decibabjn to clria;e (or not change) scale is an 

important one; the compiler must consider cost 

ald t lie. For ea suppose there is a map 

;eries for a large urban area awailable at a 


scale of 1:15,000 and suppose these maps are
 

!;ultable as ba: t maps . Even though the NSO 

hasi set 1:12,000 to 1:2,500 limit; for large 

urban area:.; (refer to figure 6c), it would le 

impractical to change tile scale of these maps 

just to be consistent with the map: of other 

large urban areas in the province or district. 

However, as stated above, if primary source
 

maps of different scales must be put together 

to form a single base map, the various pieces 

must 	 be standardized in scale. 

7.42 Instructions for chaging scale.--

Once the decision to change scale is made, the 

compiler must then indicate how it is to be 

done. If it is to be done photographically, 

the instructions must be unmistakably clear. 

One of the best methods is to indicate in the 

margin below tile map a certain length marked 
length. marked

by vertical. lines; between the vertical lines, 

indicate clearly in writing the length to which 

the distance should be reduced or enlarged, as 

the case may be. Two examples follow: 

,_,_"_,
 

U ... , , • / ¢.-... 

/
 

This method is clearly preferable to a written 

statement such as "Reduce 60%" or "Enlarge 30%" 

which can easily be misinterpreted by persons 

operating the photographic equipment. Several 
alternative methods for changing scales are 

described in chapter 10.
 

7.5 	 7 fustiatio o { map package 

Exhibit 6-6 is an illustration of a base 

Imppackage and the resulting preliminary and 

final base maps for an urban area. Tie source
 

materials available include:
 

(1) 	 A topographic map at a scale of 1:20,000 

(2) 	A recent air photo at a scale of 1:20,000
 

(3) 	A planning map (consisting of seven sheets)
 
at a scale of 1:2,000
 

The topographic map was selected as the
 

primary source for the base map. The air photo
 

was selected as the supplementary source for
 

e street patterns. Tile planning map was se

lected as the source for street names and the
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location of boune 'ies. Both the topographic 


map and air photo were of too small a scale to 


be used to make the base map; it was considered 


more efficient and less costly to enlarge them 


than to reduce all the planning map sheets and
 

then construct a map mosaic.
 

As shown in the exhibit, only parts of the 


topographic map and air photo were needed to 


make the base map. The compiler indicated the 


portions of the materials to be used by block-


ing them out with tape. He then indicated the 


scale to which they were to be enlarged before 


the detail on the photo could be transferred 

to the map. 


The compiler not only wrote instructions 


to the draftsman on the map and photo, but he 

also wrote explicit instructions on a separate 


piece of paper. lie did not include instructions 

on the use of double lines for streets or the 

deletion of housing units; such instructions are 

part of tile standard drafting instructions that 

are applicable to all maps of a particular type 

and scale. (See chapter 10 for discussion on 

setting up standard drafting instructions.) 

After the preliminary base map was drafted, 

it was reviewed by local officials, who indi

cated that there had been further growth in the 

area. The base map was corrected accordingly, 

then sent to the EA delineation staff. 

7.6 Re.soCmttLg bouzdci piobtewn 

The determination of what administrative 

and statistical area boundaries are needed on
 

EA base maps and the accurate plotting of tile 

boundaries arce important aspects of the census 

planning and pro-enumeration activities. The 

decisions about the areas for which, statistics 

will be tabulaLed (see section 3.1) dictates 

which boundarieLs nui;t, be plotted on Le lap. 
In sone countiries, citles and haml ets have no 

officially designated boundaries; in suich cases 

census officers need to recognize these units 

as statistical- areas and to draw boundaries for 

them for census purposes (see chapters 12 and
 

15). All the subdivisions shown on the base
 

maps must have accurate boundary lines.
 

Sometimes different sources show boundary 

lines in different locations, or they show ones
 

that are known to - in dispute. These differ
ences need to be resolved by consulting legal
 

documents, tracing boundary changes since the
 

original map was made, and contacting official
 

government sources. In any cas", the source
 

of information must be reliable. The iource,
 

date, an! ignature of the verifying official
 

should be shown on The map. It would be useful. 

to have disputed boundaries resolved before EA
 

maps are prepared.
 

A major problem in some countries is that 

official written boundary descriptions exist 

but they have never been made known to agencies 

that need to know about them. Instead of being 

in one place, the descriptions are scattered 

through several decrees and acts of government, 

perhaps covering a century or more. Because of 

the recurring need for such information, the "NSO 

may become the general depository for boundary 

in format ion. 

8. VERIFICATION OF MAP PACKAGE AND

FITO OF MAPS

FINAL BASE MPS 

It is most desirable that base maps be as 
accurate as feasible before they are used for 

delineating EA's and CL areas. Every map pack

age should be reviewed before it is given to 
thle draftsman, and every base map should be 

reviewed after it is drafted. The rview can 

serve to check tie quality of the maps being 

produced as well at; tlie quality of the work of 

the compiler. and draftsmen. 

8.1 On'~~we ba-se iatl packa(Igl 

As explained earlier, the materials and 

instructions for a particular administrative 

area should be in tire map package and tile mate

rials should be listed on the outside of the 
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folder. An experiencea staff member should re-


view the map package for the following: 


(1) 	 Are all the materials that are listed on 

the folder actually in the package? 


(2) 	 Are all the parts (subdivisians) of the 

administrative area completely covered
 
by the matera[:, '11 the package? 'Fie 

materials should ic cliocked using the 
prtion of the area -i sLte; pastd 
folder, 

(3) 	 Are all thu ov.rl;s,, :;nu instructions fordal 	 :,in(3)AIre ts-	 instuclar s for-he d a t , co: iplet,, and clear' " I, o 

they ceufo r'- ',1 -blished policies and 

(4) 	 Will the ha-c : :aps produced fro:m the in-

structions and ,!.iterials cover the entire
 
administ rat dv'is'ion without omissiou 

or dupl ication. ill they meet all the
 
criteria f,-,r _:ood !aemap:-- (as described 

in section 

Whe 	 tll.u re i ',.'e i ti,-;fie~d that the 

package is complet. ind read'y to be sent to . 

the draftin s taff, he sh ouli sign the control. 

form 	on the ou,_side of the folder. 

.tter al1, the map for an administrative 

division hav: 'Deer drafted, thev should be re-

viewed b. a member of the cmopilation ;taff, 

either a prof,:'-;: iunal staff meumber or a clerk 

who has been speciallv triined. He should 

verifv that all in-;t.rli.tions have been carried 

out and that all th: features vili should be 

on the rap have been placed there and have 

been located accuratel''. 

The ma1) sold le reviewed for clarity and 

reproducibilIt'.'. It ii suggested that tle re-

viewer ask himself~ these questions: 

(1) 	Is the map suitable for A delineation? 

(2) 	Is it uncluttered in appearance? 


(3) 	If double lines have been used for linear 
features (roads, streets, rivers, etc.), 

is there room for an EA boundary symbol 
down the middle! 

rivers be easily recognized? This should 
be true whether single or double line 
symbols have been used. 

(5) 	 Are all thu available names of features
 
and subdivisions on the map?
 

(b) 	 Are title, directional arrow, map scale, 

area 	 codes, and legend complete and clear? 

map (such
(7) 	 Will all tile information onl tlem 

as names, symbols, and numbers) be readable 
after the map has been reproduced? 

Corrections should be requested 	 and made 

until the reviewer is satisfied. At this point 

the maps should be ready for reproduction and 

EA delineation. 

The drafting staff should have been in 

close communication with the compilation staff 

throughout the drafting operation. Any prob

lems 	 in drafting should have been worked out as 

they 	occurred. With this cooperation, correc

tions and redrafting are minimized. 

9. FELD WORK 

In order to update or construct base maps 

and to estimate HU or population counts for EA 

delineation, it is necessary to obtain certain 

information from local. sources (see also sec

tton 4 of chapter 7). Where there has been a 

significant growth or decline in population, 

new rural colonization projects, or some other 

dynamic development, the census will be handi.

capped if map information is not up-to-date. 

If .local officials cannot supply the informa

tion, NSO personnel should carry out the field 

observations. In the long run, the expense of 

field operations will be less than the expense
 

of reazlving problems that result from the use
 
of a 	bad map base and poor information for de

lineating EA's. Whether the information is
 

collected directly by NSO staff or as a result 

of correspondence with local officials, tile 
process is considered to be field work. 

(4) Are the I[nea features dis-inguishable? When contact is made with the field, it is 
Can the difference between highways and desirable and efficient to collect all needed 
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information for an area a- one time; repeated 


trips to the field or correspondence with local 


officials are time consuming and expensive. A 


time schedule should be established and prog-


ress reports maintained to assure that field 
work is accomplished in time to be useful for 

the census. 


9.1 Pe-m..6L&son to contact 6fetd 

Whether collecting information through 

correspondence or through personal visit, the
 
NSO should first obtain permission to contact 
local officia.s from ministries or provincial 


governments that the local officials represent.
 

Ministries could provide names, titles, and ad
dresses, which would be very helpful to 
the NSO. 


Additionally, to assure full cooperation, the 


local officials should be instructed by their
 
superiors to assist the NSO. 

9.2 Fied wvoik by focaf o6ficia,5 


Correspondence with local officials is one 


of the most desirable ways to carry out field
 
work, since staff operations in the field are 


relatively costly. In most instances, local 


officials can collect the information requested 


themselves or can designate a qualified person 

to collect it. This procedure for doing field 


work must be carefully planned and administered 


if the end product is to be accurate and corn-

pleted on schedule. The local people should be 


motivated to do 
a good job; it is necessary to 


develop in them some understanding of the need 


and usefulness of their work. 
They should be 


requested to supply only that information which 

does not take a great amount of skill or train-

Ing to collect. They should be given specific 

instructions as to what information is needed 

and how to report it. 

The NSO should review all information that 
is collected by local officials. Sometimes, 


the information is incorrect, incomplete, or 

unusable. This could be due to 
mlsinterpreta-


tion of instructions or inability of the local
 

officials to provide the information. It is
 

suggested that the c~mpilation staff handle the
 

requests to 
the field and review the information
 

Lhat is received from the field. Thus the corn
pilers would control the use of all information 

that affects any of the maps. 

9.21 Information requested from local
 
officials.--In all areas, the officials may be 
asked to supply correct names of streets and 

roads; locate and identify large special dwell

ing places and large nonresidential buildings;
 
locate administrative boundaries; add new roads
 

or landmarks; and estimate population or lousing 

unit counts. In urban areas, the officials rmay
be asked to identify planning zones, 
areas of
 

highly transient population, or subdivisions of
 

administrative areas. 
 In rural areas, they nav
 

be asked Lo identify and locate all settlements
 

larger than a designated minimum size, locate
 
tribal or village boundaries, and provide lists
 
of tribal or village chiefs.
 

9.22 Materials sent to local officials.--


The officials should be sent detailed instruc

tions and a map of the area (if the NSO has a
 

map) for which the NSO is requesting informa

tion. A letter should request the assistance
 

of the officials, describe the importance of
 

the work to be done, and instruct them on how
 

it is to be reported.
 

The instructions should be as clear and as
 

simple as possible. E':hibit 6-4 illustrates
 

the type of instructions and forms to be sant.
 

All the tasks should be explained and examples 

should be provided; it cannot be assumed that 

the officials have any experience in this type 

of work. Exhibit 6-5 illustrates the forms and 
map that were returned from the field. 

At least two copies of the preliminary 

base map should be sent. Tile map should cover
 

only the area concerned. Sending two copies of 

each map permits one to be corrected and sent
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the v.sO and the other to be retained by is responsible for seeing that all correctionsback to 

and changes in the base map have been made be
the local official for his own use. Manv local 

fore the cut-off date. It is not advisable toofficials do not have detailed maps of their 
euaccept boundary changes up to the date of 

areas. 
either the maps are corrected and themeration; 

9.3 Ecc b'ts$VSO taA 	 enumeration delayed, or the enumeration is com

by the NSO staff is costly pleted without reflecting the boundary changes
Field work done 


a minimum. Field work by the NSO accepted.
and should be kept to 

the NSO staff maiy be necessary when (a) infor

is not received or 10. AIMINISTRATIVE REQUIREMENTSmation irom local. oficials 

appea rs to be_ incorrect, (b) local officials are , The preparation of base maps is a funda

not ale t o the fiid work, or (c) itic map mental ani time-consuming task that requires a 

sketchiiq i. rcquird. Est mates of tile amount knowledgeable professional and technical staff 

tilt ia, to h..oone by tho staff and proper equipment. The various tasks mustof field work 

should he during planning of the map- be scheduled properly and controlled to ensuretild the 

that (a) staff is hired in time to be trained 

be nc:s ~vto,hirc and train additional staff 
ping proeram. il o-.oe instances, it may even 

are onfor the job, (b) equipment and supplies 

to do the fieil ;vc'k; these costs must be in- hand when needed, (c) maps are prepared and re

acluded in the C;'census budget. 	 produced in time, and (d) costs are kept at 

of reasonable level.The st: ff should be sent out in teams 

at least two persons. An efficient itinerary Controls, progress reports, training, 'ad 

should be ostab]ished to minimize travel costs similar administrative matters were discussed 

and time and to cover the priority areas first in chapter 2. Those pertaining specifically 

(see section 3.J). Several areas should be to 	compilation of base maps are repeated here 

more detail.assigned for each trip and all the field work, in 

including population or Hi estimating, should 

10.1 Staffing ,aqtiAielnentsbe completed for an area in one visit. If the 

NSO has field offices, it may be porsible to The size of the professional and technical 

staff needed for the preparation of base mapsenlist the assistance of some of their employees 

forf thede fiel
worprprainofbs.mp


for the field wor', 	 depends on the physical size of the country;
 

The teams should be trained in correcting population size and settlement patterns; and,
 

maps and in basic map sketching (see chapter 5). more importantly, availability of existing maps
 

suitable for census purposes. In the planning

They should be well supervised to assure that 


field work is done correctly and completed stage, estimates should be made of the staffing
the 


needs and decisions should be made regarding
on schedule. 

recruitment sources and training techniques. 

9.4 	 Ctt-o6f do..te sour correc~oM% Often, the problem of trained human resources 

is far more serious than the problem of finan-In order that the drafting of base maps 


cial resources.
and EA delineation can proceed without delay, 


a date must be set after which no changes in 10.11 Types of personnel needed.--There
 

names or boundaries are accepted for purposes are generally two types of personnel required
 

of the census. The compilation staff usually for map compilation:
 

http:worprprainofbs.mp
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(1) Geographers. Professional geographers 

with some knowledge and cxperi-nce in

cartography are needed to 
inventory and 

evaluate available maps, acquire addi-

tional maps and other materials, sketch
certain areas and carry out other fi:ld
work, and cowpile map packages. Cartog-
raphers, under competent supervision andsome on-the-job training in specialized 
census work, also should be able 
to do 

most of the required tasks.
 

(2) Clerks. Clerks are needed for filing andgeneral office operations. If there is 

a shortage of professionally educated 
personnel then clerks who demonstrate anaptitude for mapping work can be trained 
to do some of the compilation work, map 
sketching, and other field work. Even
though great dependence may be pi ced on 
competent clerical help, the work must 
be carefully supervised by a person withadequate training and experience in cen-
sus mapping, 

10.12 Recruitmnt and training.-esides 
technical schools and universities, sources of 
qualified professional employees may include 

mapping organizations; surveving agencies; and 
construction, transportation, and mining compa-
nies. Orientation in geographic work for the 
census, which is a specialized activity and not 
generally known, will probably be sufficient 

training 
 for most professional geographers. 
 In 

addition, requests should be made to the other 

government agencies 
to temporarily assign some 

of their professional personnel to the NSO for 
the duration of the census work. 

Since the demand for professional geogra-

pliers prriably exceeds the supply, it may be
 
necessary to 
 recruit non-professional persons 
with a secondary school b~ackground. In ay 

case, they should have an aptitude for mapping 


work and they must be given some formal censustraitngor 

training. 

Clerical personnel may be recruited from 
secondary schools or through the media of news-
paper advertisIng, radio, or television. Selec-
tion of the best qualified persons should be 
based on (a) results of a general clerical test, 
(b) educational background, (c) results of an 

interview conducted by a personnel specialist,
 

and (d) expressed interest in the work. 
 Since
 
the applicants 
are to be trained for mapping
 

work, they should be tested in map reading andaptitude for mapping tasks. Clerical pers-onnel 

can normally be trained on the job for specific
tasks they are to 
perform.
 

1. 13 SLpecial izat ion .- ThT p comp i la Lion 
operations will. probably start with i small
staff, whose respective duties will not le 

strictly defined; that is, the supervisor will
assign jobs as 
they need 
to be done. However,
 

specialists will begin to emerge as the work 
progresses into new areas and other sources of 

information are used. Early in the operation,
the need may arise to have some theof staff 

trained in the interpretation of aerial photo
graphs. Some staff members may he trained as 
specialists in solving boundary problems, in 

the review of field work, in map sketching, or 
in compiling maps for areas that are difficult 
to map, such as mountainous areas or the highly 
congested sections of urban areas. In additibn 
to their regular duties these persons would 
assist other staff members when needed.
 

Some degree of specialization is desirable
 
in order to accomplish the job efficiently and 
in a relatively short period of time. However, 
map collection and compilation, although per

manent activities,time of may not require thethe compilation fullstaff after the base 

maps are prepared. }lost professional members 
of thle staff may be expected to work on other
 
mapping activities such as sketrhing, drafting,
 
delineating 
EA's, defining statistical areas, 
d e l n ing a nd de si n ing st ati on a ps .
planning and designing publication maps.
 

10.2 Spac, and equtpiwnt iequ ,em'jits 
The amount of s!p ce needed for the compi

lation staff depends on the number of persons 
assigned to the operation, type of equipment 
to be used, and amount of space needed for the 
map files. As a rule, there should be enough 
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room for the compilers; to spread out several 


large maps ,t one time, and enough space for 


them to move around their ",:ark areas freely. 


i'hlo 	 z:p~oe 5 ou1 d be ,c11ightod; fluorescent 

d lamp-; 

V ij 1 ;aile. The average 


over 	eid iiuht dt-; should be pro-
t ih 	 total 

space required per person ranges from 5 to 9 


Squire- -e--r- (approximately 50 to 90 square 


f .et), 


OL' a nunt t equ ipmo:t rquired also de-

pends on "he n':::I'-eremployees engaged aof in 


Spcific tal:K, ltlt tl!Ure arc certain types of 


equipment and .rihat are essent:il for 

map 	 ,:empIlaail . i' e ir'lud: 

1!) 	Furn iture-oe fle2mters hv [ meter 

(approximately 72 '16 inches) and 
o stool ,rpiler, light
tables , 

(2) 	?'ls -:p f l s e t r files, and card(2ies-pir r fes i C 1 aI n caupkeept 	 I t 
fi le. (pre-:-r bl e:fstoe , which is not 

subject to. 

(3) 	0ff ice :punl t,_.--tracin a coloredpaper, 
pencils, r..a t p-ncils, file folders, 
file car, s - Pencil sharpeners, 

(4) 	 General office equipment such as desks 
and c-airs, t7pewriters, letter paper, 
en'velope a, :tainpa, etc. 

(5) 	 Eniarf r reproduct ion equipment such 

as a c a, copier, reflecting projector, 
pantograph, or diazo-type printing machine 
in the compilation area (unless readily 
acoessibl, e ..i,.'.), 

(6) 	 "lap sketchin! equipment such as magnetic 
compasses, measiuring tapes, odometers, and 
clipboards (dscribed in chapter 5. 

In adlition, magnifying glasses and stereo-


scopes are almost indispensable for interpreting 


aerial photographs (see chapter 4). These and 

the equipment and materials listed above can be 

shared with other Geography Division personnel. 

This is particularly true for the enlarging and 
reproduction equipment. (For more detailed de

scription of equipment and uses, see chapters 
10 and ii.) 

Amounts of material needed will depend on 


the size of the country (more material for more 


maps), the kinds of maps that are needed, and
 

the scales at which the maps are drafted. In 

any case, supplies should be ordered well in
 

advance of the start of the compilation opera

t ion. When they are received, they should be 
checked carefully to ensure that they meet the 

standards necessary for the work. Careful con

trol 	over the supply of material should be kept
 

and 	materials reordered before the supply is
 

exhausted; otherwise, the work may be seriously
 

delayed.
 

As with materials, equipment should be or

dered, received, and checked to see that it is
 

working properly before the start of the compi

lation operation. Consideration should be given
 

to the availability of parts and the amount of
 
time 	 needed to get them. In addition, a main

ooka
 

tenance staff should be trained to ensure the 
of the more complicated and expensive
 

equipment.
 

10.3 Co~it.ofS and ptog.tL s.s tecpo. tt 

The development of good base maps for the
 

census enumeration is far from being a mechani
cal job. It demands individual initiative and
 

research in finding the best source materials, 
and 	 imaginative, thoughtful, and careful use 

of these resources to produce reliable usable
 

maps. Establishing and maintalning controls 
over work flow and production in this type of 

work is not simple. Heavy reliance must be 
placed on regular recording of the progress of 
work 	for each administrative area arJ on indi

vidual assistance to each compiler to resolve 

problems. 

There must be a tie for beginning of the 

mapping work and a date when all must he com

pleted. (Refer to exhibit 2-4 for calendar of
 

activities.) Within this schedule, priorities 

must be established. Ordinarily, highest pri
ority should be given to those areas which will
 

require the most time for setting up EA's--the
 

heavily populated parts of the country and the
 

most complex administratively. A close check
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should be made frequently for adherence to tile 
 is lagging. Exhibit 6-7 is one type of contro
 
planned time schedule. Progress reports should 
 and work progress form. Figure 6d 
is another
 
be made weekly and perhaps daily as the final 
 way of showing status and progress. In the

completion date approaches. The aim of the com- latter case, the index map can be posted where 
pilation staff is not only to complete work in 
 the compilation staff can 
readily see it; this
 
priority order but also to keep a steady flow 
 will likely motivate the staff and stimulate
 
of work to the drafting staff. 
 As for field production. 
work, such matters as availability of the staff Exhibit 6-7 is a control form that can be
and weather conditions may dictate when fieldwork can be d
ne.used 
 for operations which do not have a rigid 

sequence of steps for each unit 
(or area).

As stated before, it is difficult to es-

FoE 
example, it can be used for map compilation, E,


tablish and maintain production control over delineation, or drafting. 
 Exhibit 6-7 illus
work involving an unknown amount of research trates the use of the form for map compilation.
and a great amount of personal judgment and Since the number of steps vary, an "X" can be 
initiative. However, a record should be kept 
 entered in the first column so that canone 
to show progress and indicate where the work easily see which units are completed. Exhibit
 

Figvu), tW. VD,.I AIAP SHOWTNG COfPILATIO.N POO1R,7 

@AtZ.o RCoV NC-f 0.3
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6-7 shows the individual steps within the Corn-

centralpilation Section. This differs from the 

control shown in exhibit 2-5, which is a simple 

fthe work flow between major operations.

record o e reand 

10.4 1',1e.-nitato'i o cq~ulaC vkzteQlaf 

All source maps should be handled care-

fully and stored safely. Because they are in 

many shapes and siz'es, they can damage easily. 

The original maps should be handled as little 

as possible. The following are suggested: 

(1) 	 Use the original map primarily to make the 
"1master" copy from which all tracings or 

copies can be made. 

(2) 	 "Edge" the master copy or tracing so that 
many copies can be made from it without 
harm. "Edging" can be accomplished b 
applying drafting or masking tape along 
the edges of the map on the under side so 
that the map will not tear easily. This 
can be done by hand or by machine. 

(3) 	 As a rule, do not allow original maps and 
original compilations to leave the compi-
lation and drafting areas or the central 
files. (An exception may be the need to 
refer to the original maps in connection 
with defining statistical areas or other 

purpose.) 'Map copies should be used for 

EA delineation and later operations. 

(4) 	Make no marks (other than inventory or 

catalog numbers) on the original maps, 
do not pei. It other NSO personnel or 

anyone else to make marks on these maps. 
An exception to this rule is the matter 
of updating an official map. Add it ions 
or revisions are made on the original map
if it is to become the offic Ia 1 base map
f t area. 

of tihe area. 

(5) 	 Exercise constant care in filing original 
maps to avoid accidental tearing or ex
cessive creasing. 

(6) 	 Do not roll maps when storing them and 
do not store them in a standlng position 
(will fray edges and will be difficult to 
flatten). Maps; are basic work documents 
and they deserve at least as much care as 
data documents, punch cards, computer 
tapes, or other essential census records. 

(7) 	 Use steel map file cases to store original 
maps. The;e cases sho'ld have a dust pro
tector cover in each drawer. Vertical 
files that are compartmentalized for area 
identification can also be used; however, 
they will occupy more space. 

(8) 	 Inspect files regularly for torn, worn, 
soiled, or deteriorating original maps; 
these should be reconditioned or replaced. 
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1. INTRODUCTION significant but, unless otherwise specified, 

After enumeration base maps have been corn- "size" refers to population size when used in 

piled and drafted, the individual enumeration this manual. 

areas (EA's) must he established. This is done The principal objective of EA delineation 
by making one or more EA's out of the smallest is to construct EA's so that each one contains 
administrative divisions or statistical areas a population that is approximately "ideal" in
 
for which census data are to he tabulated. The size. An ideal population size 
 is the number 

process of selecting and marking EA boundaries of people that one enumerator can enumerate in 
on the base map is called delineation. This the time period scheduled for data collection.
 
work is usually done by the EA Delineation There are different ideal population sizes,
 
Branch in the Geograpl,y Division of the NSO. The depending on the type of census, length of 
the 
same staff also designates the crew leader (CL) questionnaire, educational level of the respond
areas. ents and enumerators, area size of an EA, etc. 

Chapter 6 discussed the materials and the For an agricultural census, the size of
 
drafting instructions for preparing 
base maps an EA depends on the number of questions to be
 
for census enumeration. Techniques 
 for drafting asked and the number of agricultural holdings
 
base map:: (and publication maps) are described the enumerator 
 is expected to visit during the
 
in chapter 10. Chapter 7 discusses the next enumeration period. In some rural areas, he
 
step--dlvldiug the country 
 into EA's and marking may visit many households that are not con
their boundaries 
 on the base map, and preparing ducting agricultural operations. 

copies of individual CA and CL area maps. Ideal population sizes are determined on 

the basis of pretests of the questionnaires and
2. ASIC CoNSIO)ERAT7NS IN ELNEATING EAS procedures that are to be used in the census. 

Several considerations affect the deci- For example, if the field pretest shows that 16 
sions that are made about the numbers of EA's HU's can be enumerated per day in urban areas 
and CL areas that are to be delineated and the but only 10 per day in rural areas, and if the 
kinds of features that are chosen to be used enumeration period in both types of is toareas 
as EA boundaries. One of the major considera- be 10 days, then the ideal urban EA would con
tLons is size. tain 160 IIU's and the rural EA 100 AU's. If 5 

persons live in the average H, then the ideal 
2.1 IdeaeI'si: oA an EA population size would be 800 for an urban EA 

"Size" has two meani.ngs in connection with and 500 for a rural EA. The goal. of the EA 
EA's. It is used most often to mean population delineation work should be to create EA's of 
size; that is, the number of people in the EA. these two sizes. However, there are considera-
It may be used to mean area size, or the extent tions that make it necessary to depart from the 
of territory included within the EA. Both are ideal size. 
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2.2 Factot~.. biz6fuenci~g sLzc 

There may be several factors that require 

LA's to vary from the ideal in population size. 

They include tile need to (a) observe administra-

tive boundaries, (b) use well-defined visible 

features as EA boundaries, and (c) consider the 

amount and ease of travel for the. enumerator 

(see also section 5 of this chapter). 

2 .2 1 Administrative area boundaries.-less 

small administrative division may contain fewer 


people than the ideal number for an EA; but if 

separate data must be tabulated for it, then 

that division must be delineated as a separate 


EA. If an administrative division contains more 


than the ideal number of people for one EA but 


less than the ideal number for two, the geog-


raphy staff would not delimit one ideal EA and
 

add the remainder onto an EA of another divi

sion; this should never be done. Rather, tile 


staff would construct two EA's that are about 


equal in size, each of which is less than the 


ideal in size.
 

2.22 Visible EA boundary features.--If 


there is no adequate visible feature near the 


place where a Iinu is needed to divide an area 

into approximately equal cnum#_erator workloads, 

then some inequality in EA size bte toler-a;:i, 

ated. Thu u-.- of a visibi1, feature is of much 

greater importance to success in taking, a census 

than is eqlualitv of virkloads, 

2.23 Mode and availability of transpor-

tation.--If travel within an administrative 


area is likely to be slow and difficult, if 


there are major barriers to movement (such as 


rivers with no bridges), o.-if the area of the 


EA is unusually large, EA's of less than ideal 


size should be created to corpensate for the 


excess travel time. Means of transportation 


and density and quality of the road network 


also affect the amount of travel time needed 


to canvass the EA. 


2.3 Cu~d~cbics An voakaUons inz EA .Le 

If an EA must vary from tile ideal size
 

usually it should be smaller than the ideal.
 

Small excesses over the ideal, perhaps no more 

than I0 to 15 , may be acceptable in certain 

situations. The NSO must balance the problem 

of extra time needed to canvass an oversized 

EA and difficulties that may result from using 

desirable features as EA boundaries. 

2.31 Small EA's.--There are times when
 

it is necessary, and desirable, for the geog

raphy staff to delineate EA's that are smaller
 

than average. For example, as mentioned above
 

in section 2.21, the administrative boundaries 

of a small village may require that the EA be
 

smaller than tile ideal size. 

There are times when the staff will want 

to delineate small EA's intentionally. This
 

would be the cse for (a) areas where the LI
 

(or population) counts change very rapidly, 

(b) highly congested sections of large cities
 

where tile population density may be higher than 

expected, (c) areas where a high rate of call

backs is anticipated, and (d) areas where the 

natural features or transportat ion systems may 

make traxel in tile EA particularly difficult. 

In such instances, small EA's are delineated to
 

avoid possible field splits or other problems
 

which may delay the work. Field splits may In

volve a greater margin of error in making the 

separation and in recording the data than would
 

occur if the NSO had divided the area into two
 

EA's in the first place.
 

Small EA's have several distinct advan

tages. If the enumerator runs into difficulty
 

as a result of illness, accident, high number
 

of callbacks, unresolved boundary problems, or
 

other unforeseen delays, he would still have
 

time during the enumeration period to complete
 

his EA. In addition, small EA's permit the
 

field staff to contend with problems in a more
 



137 
Chapter 7 
 DELINEATION AND CONTROL OF ENUMERATION AREAS 


efficient manner. 
For example, an enumerator 


may quit in the middle of his job; it will be 
easier to get the work started again, or have 
the work redone, if the EA is small. 

Small EA's increase the chances of early 

completlon of field work so 
that processing of 

the census results can begin on schedule. Small 
size allows the crew leader to give mre than 


one EA to a capable enumerator and permits the 

EA assignments to be balanced between easy and 

difficult areas. 

On the other hand, small EA' s have some 

disadvantages. A large number of small EA's 

will mean that more A's must be delineated, 

more individual EA maps must be made, more EA 

hooks must be printed and handled, and more 

controls must be set up in all the census opera-


tions. Moreover, although a small EA permits 


the enumerator to finish his job quickly, it 

does not necessarily give him the opportunity 


to become experienced in his work; nor does it 
give the crew leader much time to observe tihe 

enumerator 
 on the job. Unless there is tight 

control on the number of EA's, the costs may 

quickly exceed the budget. 


2.32 Large EA's.--At times, EA's are
 
delineated that are 
larger than average. This
 

may occur when there are few natural features
 
on the map which (:an be used to split an area.
 
An EA might also be allowed to remain somewhat 
larger than average if it consists of one big 
housing development, or if a village consists 

of one tribe of people who live within a small 
land area. In such cases, travel time is not 
great; the enumerator can probably manage to 
see all the people in his assigned area within 
the time period allotted to him. As a rule, 
however, two smaller-than-average EA's should 


be delineated instead of one 
large one. As 


has been noted, small EA's 
can be given to the 


faster and more efficient enumerators as addi-

tional assignments. 


2.33 Split EA's.--Occasionally, the crew
 
leader finds that an EA is much larger than was 
expected. This may occur in areas of recent 
housing construction or areas of rapid popula

tion growth for which preliminary HU estimates
 
were not available. 
 Such EA's must be split in
 
the field prior to 
the start of the enumeration. 

Refer to section 10.1 and figure 8e in chapter 

8 for a discussion of split EA's. 

2.4 S
 

Special EA's conu;ist of large collective
living quarters, which require special enumera
tion procedures. They include such places 
as
 
orphanages, workers' camps, dormitories, army
 
barracks, monasteries, convents, homes for the
 

aged, hospitals, and penal institutions. 
 Ships

and houseboats may also be included. 
 The large 

Special Dwelling Places are designated Special 

EA's. A Special EA is assigned the prefix let

ter '5" to distinguish it from other EA's. 

Ordinarily, no special maps are made for
 
Special Dwelling Places. A circle 
 is simply
 
drawn around such a place on the 
EA map. An 
example is shown in figure 8e in chapter 8.
 
If the Special EA is small in land area, the
 
map would be too 
small to show its boundaries;
 
however, if it covers a large area, 
the bound

aries should be shown . 

The regular enumerator is instructed not
 
to enumerate the Special Dwelling 
Place if it
 
falls within his EA. A note to 
this effect is
 
usually written on his map.
 

4.52 Cotnpcabiti~ty o6 EA's5 with fast censuso 

While it may be desirable to use the same 
EA's from census to census, it is usually not 
practical, except perhaps in rural areas with
 

stable population and no change in features or
 
administrative boundaries. 
Changes in streets
 

and roads, expansion of population and con

struction of new housing, and the designation
 



138 MAPPING FOR CENSUSES AND SURVEYS
 

of new statistical arf as make it necessary to 

redefine EA's. Moreover, the complicated con-

trols that would be needed to assure accurate
 

geographic coding outweigh the benefits of re-

taining EA boundaries from census to census. 

2.6 Azucxatioo o, dctcticz 5 zcc eCast Censto 

One 	 responsibility of a census is to re

port statistical information for an area whose 

boundaries arc defined legally. If the legal 


boundaries change, data users and analysts may 


want 	information for comparable areas as well 


as for the newly defined areas. In delineating 


EA's, therefore, it is desirable to make one or 


more 	separate EA's for the portion annexed or 


deleted since the previous census. 


Occasionally, errors in legal boundaries 

are discovered by the crew leader after th2
 

EA's 	hve been delineated. In this case, the 


crew 	leader should indicate the correct legal 


boundary, split the EA involved (using suffix 


letters with the EA number), have an enumerator 


enumerate the pieces as split EA's, and report 


the matter to the NSO by way of the district 

office, so that the correct geographic code 


can be assigned to the parts cf the split E .
 

3. SUMMARY OF OPERATIONAL STEPS 

There are six major steps in the prepara-


tion of EA's from base maps. The steps are
 

summarized as follows:
 

(1) 	Obtain population and/or NU estimates for 

administrative areas and subareas.
 

(2) 	Obtain population counts and location of 

Large Special Dwelling Places.
 

(3) 	Divide base maps into EA's and CL areas; 

code the EA's and CL areas.
 

(4) 	Determine the number of copies of the base 

map to be reproduced for cutting out the
 
individual EA and CL area maps; make the 
required number of copies.
 

(5) 	Cut up the reproduced copies into individ-
ual EA and CL area maps. 

(6) 	Add the final map elements; transmit the
 
copies to the NSO Field Division for distribution.
 

4. OBTAINING POPULATIN AN! Hi ESTIMATES 

In order to delineate EA's, estimates of
 

population or HU's are needed for small land 

areas which the EA Delineation Branch can com

bine to form an EA. There are several ways to
 

prepare or obtain such estimates. Whichever
 

way is selected, the objective is to get the
 

best estimate consistent with resources. As
 

mentioned in chapter 6 (section 9), the census
 

enumeration is hampered if current estimates 

are not available.
 

4.1 	 CoopctLon oA focct oAciet. 

Obtaining estimates of population or NB's
 

can usually be done at 
the same time that the
 
field check is made for changes in boundaries
 

or additions and deletions of major features.
 

Care 	must be taken not to overburden the local
 

officials with requests to the point that they
 

become careless or refuse to respond.
 

Local officials are generally asked to
 

review the map for corrections, provide popu

lation estimates of urban places and hamlets,
 

make 	 a list of Large Special Dwelling Places, 

and provide HU estimates for blocks or sectors

(a sector being a small land area which is 

bounded by identifiable features).
 

Section 9 of chapter 6 describes the pro
cedure for obtaining information from local 

officials. Exhibit 6-4 illustrates the type

of instructions to be followed and the forms
 

to be filled. Note that the NU counts are to 
be written clearly within the sector or block 

and circled. Also, the location of each Large

Special Dwelling Place is to be indicated on 

the map, and the name, address, and population 
are to be recorded on a separate form. 
The
 
estimates of HU's or population need not be 
precise but they should be based on first-hand 
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knowledge of local officials, who should be 

encouraged to 
consult with other knowledgeable 

local people. 
Note that HU estimates, instead 

of population estimates, are requested for the 

sectors (or blocks). Ordinarily, it is easier 

for local officials to make HU estimates for 

small land areas. 


Exhibit 6-5 
is an example of materials that 
local officials returned to the NSO. The offi-
cials updated the maps, provided a crude sketch 
of an unmapped hamlet, estimated the population 
of each city, hamlet, and Special Dwelling 
Place, and supplied IIU estimates for sectors, 

4.2 	 F'.c'd viI 5 by NSO 5 

As discussed in chapter 6, field work by 

the NSO staff may be necessary when the local 

officials are not 
able to do the job. The in-

formation they should obtain is the same 
as the 

information requested of local officials. An 

additional task for NSO personnel may be some 
map sketching, which ordinarily is not expected 

of local officials. 

4.3 	 U5 o( inLg m(kfo'umatimo 

If local officials do not respond to NSO 
requests and if the NSO does not have the re-
sources to make field visits, the NSO may need 
to use existing information. A useful source 
would be air photos, highway maps, or planning 
maps. Another source may be postal zonk, popu-
lat ion or addresses, lt i ity company bill ings, 
populat ion registers, and other administrative 
records. Still another source may be popula-
tion, housing, or agricultural statistics from 

a preceding census an. therefore will. be 5, 10, 
or more years old. In any case, the NSO staff 
must estimate rates of growth or decline and 
must allocate the population or housing among 
the subareas (sectors or blocks) that appear 
on the EA base map. If estimates must be made 
without a visit to the field, it is suggested 

that they be entered on a work map similar to 

the one returned by local officials, as shown
 
in exhibit 7-3. 
 Prior to this step, it is
 
recommended that a worksheet be prepared by
 
the estimator, who may need to analyze aerial
 
photographs and planning maps, or otherwise
 
arrive at 
current population or HU estimates 

for sectors (see exhibit 7-1). 

In those areas where the population is 
relatively stable, the use of earlier informa
tion may be satisfactory. However, a judgment
 
that such a situation exists should not be made
 
without some knowledge of current conditions in 
these areas. A decision to use earlier infor

mation is a risk. 
 If EA's turn out to be toolarge, it will mean that 
the crew leaders will
 
need to split 
more EA's and thereby add to the
 
control operations and costs. 
 If EA's turn out 
to be too small, more enumerators than 	 needed 
will 	have been hired and costs will increase.
 
(Refer also to sections 2.31 and 2.32 regarding 

small and large EA's.)
 

5. DELINEATING AND NUMBERING EA'S 
After the liap revision information that is 

returned by local officials is reviewed by the
 
geography staff, it is incorprrated onto the
 
base map (see 
 chapter 10 on d:afting base maps).
 
No further ch nges in administrative division
 
boundaries or in place names can 
 be accepted
 
for inclusion on the maps. 
 Notice of the cut
off date for boundary or name changes or other
 
revisions 
must have been furnished to appro
priate individuals, groups, ministries, and
 
local and city authorities well in advance of
 

that 	date. 

Priority guidelines should I established 
(subject to revision as the work progresses) so 
that certain administrative divisions or cities 
will be worked on first. These priorities may 
be based on anticip ,t..,d complexity, relative 
size, need to complete work in order to finish 

some larger area, etc. 
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5.1 Gtudefnc.s bi de-bicatbig EA'. 

Thle major objective of EA dlineation is 

to divide the country into A's in such a wayStatistical 

that there will be no omission or duplication 

of land area and no overlapping of administra-

tive division lines. The job is not a diffi-

cult one, but it reqtires careful attention to 

detail, 

5.11 Use special symbol for boundaries.--


Before the delineation process starts, the Geog-


raphy Division, in consultation with the Field 


Division!, should decide onl a s.y.mbol to be used 

for EA boundaries. The EA boundaries, like the 


administrative boundaries. sh~ould be shot¢n with
 

a unique line symabol. I'he symbol should stand
 

out from all the other symbols used on the map. 


The symibn' 3hould hc designated in such a way 


that it does not cover up other features. One 


of the most common symbols used is a "wiggly" 


line ( - -). In most cases, the wigglv line 


is used when the EA's are delineated and then a 


solid line in a bright color is draw,'n over the 


line before the EA :maps are used in the field, 


5.12 Observe administrative and statisti-

cal area boundaries.--All boundaries of admin-

istrative and statistical areas for which data 

are to be tabulated separately (e:.:cept for city 

blocks or other subdivision. which bave a code 

within the LA) must be used as EA boundaries, 

If the legal boundaries have changed since the 

last census, and separate data are needed for 

both the old and new areas, 'A's must be estab-

lished accordingly (see section 2.6). When EA 

boundaries are drawn, they should not obscure 

the administrative boundaries, 


For areas that do not have legally estab-
For aares thalovednto 


lished boundaries, or for which boundaries are 


in dispute, the NSO must select boundaries to 


be used solely for statistical purposes. For 


such cases, the enumerator will need to know 


that the boundary lines shown on his map are 


not official; nevertheless, he must use them 


and not be itfluenced by Ideas of local resi

dents as to where the boundaries are located. 

areas, which may not have official 

boundaries, will have houndariCs asasigned to 

them by the NSO; these become EA boundaries. 

Rurl settUI ements (such as lhIamilets) do not 

differ fromt other admiu istrativc or statiStical 

areas in their need for boundaries. If there 

is need for separate data, one or morc LA's 

must be drawn to coincide with each settlement.
 

This means that the settlement must have some 

form of boundary, official or otherwise, before 

EA's are delineated for them or for the area in 

which they are located. These boundaries are 

often determined by local officials. If not, 

they must be set 1) by the NSO. 

5.13 Follow visible features.--Insofar as 

possible, all EA boundaries that are not admin

|st-ative division boundaries shoul..! observe 

nat'.ral features such as streams or lakes, and 

man-made features such as roads or railroads. 

The feature selected must be easily seen and 

clearly identified both on the ground and on 

the map.
 

Some visible features do not make good 

boundaries. For example, a ridge may not have 

a single summit that can be followed continu

ously and that can be recognized as being at 

one specific point along a road that clusses
 

the ridge. A forest .nay not have a distinct 

edge; rather, there may be a gradual thinning 

of trees or an intermixture of trees and open 

areas. Such features should be chosen as EA 

boundaries only (a) when no better visible 

features are available and (b) when invisible 

features mentioned in Lhe following paragraphbava poorerychoicb.
 

are believed to be a poorer choice. 

5.14 Use invisible lines only if neces

sary.--Occasionally, the use of invisible lines
 

for EA boundaries cannot be avoided. Offset
 

lines and extended lines are two types of in

visible or imaginary lines. Examples of the
 



__ 

141 
Chapter 7 
 DELINEATION AND CONTROL OF ENUMERATION AREAS 


lic/ure 7a. OPSET AND XTENDED LTINES 
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two types are shown in fgure 7a. An offset
 

line is a line that parallels a main road (in
 
this case, it parallels Congo Road) at a speci-


fled distance. The purpose of the offset line 

may be to include, with the settlement, the 


IIU's along the side of the road, as in figure 


7a. Extended lines are imaginary boundaries 


which are ubed to cunneL .re visible feature 


with another. For example, part of the south-


ern boundary of the EA in figure 7a is Lahore2 


Road extended a short distance in the same di-


rection until it meets Mali River. 


If offset lines-;are used, they shoud be 

consistent in being a fixed distance, such as 

50 meters, from a given road. If extended 

lines are used, they should not extend more 

than roughly 100 meters. In both cases, the 

enumerator may have difficulty in sighting a 

greater distance and there may be obstacles to
 

block his view. An extended line should end 

at a specific point or feature. In figure 7a, 


the extended line ends at Mali River. 


An imaginary line should not be used if 

it will pass through an area where 111's are 


located in an irregular pattern close to the 


imaginary line on both sides. Imaginary lines 


should not cross each other; their point of 


intersection would be very difficult for the
 
enumerator to locate on the ground. If using
 

an imaginary line cannot be avoided, then it 

should be drawn with great care. If there is
 

a visible feature nearby, the imaginary line
 

be drawn where it can be associated with
 

feature. Figure 7b illustrates a Eatis
and an unsatisfactory use of imaginary
 

lines as EA boundaries.
 

A third type of imaginary line, known as
 

a point-to-point line, may be useful in some
 

cases. It is a line between two points where
 

the line of sight is clearly visible and where
 

LU's are in the line of sight. (A point-to

point line may be from one road intersection to
 

another or from a road intersection to a bridge
 

or mouth of a stream.)
 

5.15 Indicate tie-in lines.--Base maps
 

that are used for rural EA's show the location
 

of urban places and rural settlements which 

usually have separate maps at larger scales.
 

The person who is delineating the rural EA's
 

should first draw, onto the rural base map, the
 

boundaries of the urban place or settlement so
 

that it can be excluded from the rural EA delin

eation. The boundaries of the urban place or
 

settlement, which appear on the rural EA base
 

map as well as on the separate map of the urban
 
place or settlement, are called "tie-in" lines. 

In figure 7c, the boundaries of the urban 

place (on the left) are drawn on the rural base 

map (on the right) before the rural map is de

lineated into EA's. It is important to show 
these tie-in lines for each place for which 

there is a separate map at a different scale.
 

5.16 Balance population size with land
 

area and ease of travel.--The person who is 

delineating EA's within a given census tabula

tion area needs an estimate of population (or 

an estimate of HW's which te can convert to a 

population estimate) . ie needs to know also 

the Ideal population size for that type of 
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area (rural or urban, for example). Then he 


can calculate the number of EA's he should 


delineate within that area unless there are 


unusual conditions requiring departure from 


that number. 


Current population and HU estimates may
 

be provided by local officials or obtained by 


the NSO staff. If, for some reason, any adjust-


ments are to be made in these estimates, they 


should be made before the EA delineation work 


starts. If out-of-date figures are used, an
 

estimated change factor should be applied to 


them, again before the EA's are delineated. 


Changes are particularly critical in suburban 


and central city areas that have grown rapidly 


since the statistics were ccmpiled. 
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If the only information available is for
 

areas comprising several sectors or blocks, the
 

assumption is usually made that the population
 

is distributed rather evenly throughout each
 

area unless there is evidence to the contrary.
 

For example, there may be major travel routes,
 

closely spaced roads, or apartment buildings
 

where people are likely to concentrate; high
 

hills, deserts, or swamps where people are less
 

likely to live; or highly industrial sections
 

where population density is likely to be less
 

than average.
 

The delin'-atioa work involves calculating
 

the ideal number of EA's, as described above,
 

and then combining sectors or blocks into EA's
 

until that number has been reachied. A slightly
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Fi'igure 7c. TTE-IN LINES 
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larger number may be delineated, but a special 

effort should be made to 
avoid delineating a 

smaller number. 
The actual number of EA's that 

are created may vary from the ideal because of 

certain judgmental factors (such as 
those dis-

cussed in section 2 above), 


If travel conditions exist within an area 

that will cause an enumerator to spend 
a dis-

proportionate amount of time 
traveling between 

11U's, then the number of HU's per EA must 
be 

reduced; otherwise, the enumeration period will 

be prolonged and subsequent processing delayed. 

Travel conditions vary widely both in kind and 

in degree of effect; no specific criteria for 

adjustment 
to EA size can be provided, 


The factors that increase tim: amount of 
time for travel may be either natural or man-

made. 
 Natural features may be barriers to 

travel--steep cliffs, wide rivers, lakes, or 

swamps. If possible, EA's should be drawn 
so 


that an enumerator does not have to cross such
 
a feature while doing his work. 
 Barriers of 

this sort within an EA may give the enumerator 

an excuse to disregard the part 
that is beyond 


I
 

/
 

the barrier. Where barriers exist, they can
 
be used effectively as boundaries; 
they should
 
not be contained within an 
EA. Other natura1
 
conditions that may hinder travel include very
 
cold climate, rainy weather, dense woods, and
 
rough terrain, particularly if the roads are
 

poor or impassable.
 

Man-made conditions that have an impact
 
on 
travel include settlement patterns, means
 
of transportation, and road networks. 
If the
 
population is dispe;sed (spread across a wide
 
area), extra time is neecied for travel between
 
interviews. An incomplete or fragmented road
 
system will mean that 
some roundabout routes
 
must be followed during the canvass. 
 Unpaved
 

or poor quality roads cause slower travel, and
 
may require the use 
of slower means of 
trans
portation such as 
walking instead of riding
 
animals, or riding animals instead of driving
 

jeeps or other vehicles.
 

5 Vezelon 1n!£oca 
0ff~c.LetL
 
The suggestion is sometimes made that the
 

local officials be asked to delineate EA's in
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their areas. The reason is that they are more 

familiar with their barrios and villages and 

can readfily estimate the population of an EA. 


Moreover, such involvement may stimulate local 


interest in the whole census program. 

The general response to this suggestion, 


however, is a negative one. The difference 


between map updating and HrJCounting on the 


one hand, and EA delineation on the other, is 

a basic one. Many of the local officials may
 

be unable to do the delineation and others may 


not have the time. More important, however, 


is the fact that the proposal leaves most of 


the production control and verification in the 


hands of a large number of local officials wIio 


have varying standards for map work. 


In census and survey work it is generally 


not good policy to depend on local officials
 

for complicated tasks. There are likely to be 


misunderstandings about what is to be done and 


inconsistencies in the results. Without some
 

experience, training, and supervision, local 


officials cannot be expected to handle the job
 

adequately; even if they could, the large num-


ber of persons that would be involved would make 


it virtually impossible for the NSO to exercise 


control over the quality and flow of work, and 


the accuracy of the census coverage would be 


in doubt. 


If there is a desire on the part of local 


officials to participate in the EA delineation 


process, there must be a firm commitment to 


meet the dates set by the NSO. The work must 


be received earlier than the NSO's scheduled 


completion dates in order to permit review and 


change, and possibly redoing some of the work. 


5.3 Cod&ing of EA'-


The geographic coding system has been de- 


scribed in chapters 2 and 6. All administra-


tive divisions of every order for which data 


are to be tabulated have had unique numbers 


assigned to them. EA numbers simply represent 


another set of numbers assigned to the smallest 

areas that are identified in the census (except 

for block or sector numbers in certain cities), 

Three digits are usually assigned for EA's and, 

as noted before, EA's are generally numbered 

consecutively in serpentine fashion. Note that 

if EN's in large cities are not numbered by sul 

divisicn, four digits may be needed; numbering
 

in the thousands can lead to errors. If a cit5
 

does not have administrative or statistical sul
 

divisions, the NSO could divide it arbitrarily 

for purposes of the census enumeration. In an5 

case, the EA numbering plan must be systematic 

and should be de eloped in cooperation with the 

data processing staff at the time the map inver
 

tory is prepared.
 

5.31 Numbering plans.--EA's can be num
bered within any administrative divisions--i s t ,
 

d, 3rd, etc. What is important is that an
 

EA number be assigned only once within each
 

area for which data are to be tabulated. For
 

example, if data for a 3rd order division are
 
to be tabulated separately for each place and
 

the rural portion of the division, then the EA
 

numbers for each can start with 001. The geo

graphic codes preceding the EA numbers must
 

uniquely identify each place and the rural por

tion of the division.
 

However, it is generally understood that
 

a systematic numbering plan should be developec
 

and observed throughout the country. One of
 

several plans may be used to code EA's.
 

In one system, the numbering sequence is
 

unbroken, running from 001 to the final number
 

in a 2nd or 3rd order administrativP division.
 

EA's in urban places, rural hamlets, and other
 

designated places are generally numbered beforc
 

EA's in the remaining rural area are assigned
 

numbers. One problem is that the coding may
 

have to be halted if delays are encountered in
 

any of the areas. For example, if the total
 

number of EA's in an urban place or hamlet is
 

unknown because of some delay in preparing the
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base map 
for that area, then no numbers can be 


assigned to the next area. 


The second technique involves a separate 


numbering system for urban places, for rural 


hamlets, and for rural balances within each 


barrio (3rd order division). In this case, 


each of these groups would start with EA 001. 


This system makes it convenient to complete 


the numbering for each area as its EA's are 


delineated. 


A third scheme involves assigning blocks
 
of EA numbers to different groups of areas; for
 

example, 001 
to 499 for EA's in urban places,

500 to 699 for 
rural hamlets, and 799 to 
999
 

for rural balances. In this case, care must
 

be taken to ensure that sufficient numbers have
 

been set aside for any one area; if this is not
 
done, coding problems will result.
 

5.32 Numbering techniques.--1, order to 


locate EA's quickly by number, they should be
 
numbered in some fashion so 
that consecutive
 

numbers fall next 
to each other. A preferred 

method is 
to begin at the northwest or north

east corner of 
an area and number In serpentine 


fashion; 
that is, go back and forth across the
 

area (see exhibit 7-3). Thus, the lower num
bers will be at the northern edge of the area, 

and the higher numbers at the southern edge. A 


second method that is more applicable to large 


cities is to start with the central ward (or 

other subdivision of the city) and number in 
spiral fashion. Whatever method is used, it is 


desirable to adopt only one system for the en

tire country. EA numbers would not be assigned
 

at random; 
this would mike it very difficult to
 
locate a particular EA.
 

5.33 Master List of EA's.--Throughout the 

census operations, each EA must be accounted 


for once and only once; otherwise, the census 


results will not be reliable. As the EA's are 


delineated and numbered, a record should be 


made of pertinent information for each EA--at 


least geographic name and code and population 


estimate. The EA Delineation Worksheet, Form
 

GEO-122, shown in exhibit 7-1, is an example
 

of the type of form that 
can be used to record
 

such information. When the delineation for an
 

administrative division is completed, and the
 

EA worksheet is filled, the informaticn on the
 

worksheet is transferred to the compute: and
 

becomes the master reference file of EA's. As
 

required, additions and corrections are made,
 

then the Master List of EA's is printed. An
 
example of a computerized Master List of EA's
 
is shown in exhibit 7-2. Note 
that the output
 

is designed as 
a form and that columns 1 to 8
 

are the same as on the EA Delineation Worksheet.
 
For convenience, 
a form GEO-501 should be used
 
for each district 
(or other 2nd order division);
 

that is, 
the computer should be programmed to
 

start a new page for each district. The list 
should be printed double space to allow space
 
for handwritten additions.
 

Multiple copies of 
form GEO-501 should be
 
printed and used as 
the control forms for the
 
various census operations--r:eceipt of materials
 

from the 
field, editing and coding, data entry,

and computer processing. 
 Columns 1 through 8
 

are used as controls for all 
census operations;
 

the remaining columns becan changed to reflect 
the important steps in the operations. For x
ample, if the form is used in the editing-coding 

operation, the additional columns can be used 

for the name of the editor-coder, date assigned, 

date completed, name of verifier, date sent to 
data entry, etc. 

The Master List of EA's usually has to be
 

revised before it 
is printed as a control form
 

for the various census operations. Revisions
 
are necessary when EA's are split in the field
 
(see section 2.33 of this chapter). If field
 
splits are necessary, the crew leaders should
 

be instructed to send a copy of the map of the
 

split EA to the NSO immediately (see exhibit
 

8-4) so that the codes and the EA list can be 
revised. The NSO should !erify that the split 

is satisfactory and make the necessary changes 
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on the Master List of EA's. The fH!al Master 

List of EA's sh)uld be printed and ready for 


use as a control list before any' census forms 

are returned from the field, 

5.4 Ekampcf oj EA d'fmncatoa 

Exhibits 7-3 and 7-4 are examples of EA 


delineation. Exhibit 7-3 !ihows the delineation 

of the rural portion of a barrio, based on in-

formation reported by a local official; exhibit
 

7-4 shows the delineation of a portion of an 

urban place (Levittown) , baed on information 

from an aerial photograph. 

5.41 KA delineation based on information 


from local officials.--The first map in exhibit 

7-3 is a map returned by a local official of 

Antigua district. It shows the location of a 


Large Special Dwelling Place (Antigua Prison 


Camp), location of a new hamlet (Feri), and HU 

estimates by sectors. The official corrected 


varioLs features. He added New Casseta Road,
 

Bridge Trail, an extension of Lento Trail, and 


a bridge where Hutta Trail crosses Jona River; 


he corrected the southern part of Futta Trail 


and provided names for five previously unnamed 


trails and the name of the northern extension 


of Ifutta Trail. 


The local official provided HU estimatesoffnicreprerentdunavHd 

for small areas for which there were natural or 


man-made boundary features. He used "fishhooks" 


(") to indicate that the estimates included 


both sides of a trail or road. Ie indicated HU 

estimates for Casseta city, and for Feri and 


Hutta hamlets on form GEO-202 (see exhibit 6-5). 


Also, he appropriately added Feri hamlet and 


gave estimated population counts for Casseta, 


Feri, and Hutta; made a sketch map of Feri; 


and gave HU estimates, by sector, for each of 


the three places. (Maps for Casseta and Ilutta 


are not included in the exhibits.) 


The second map in exhibit 7-3 shows the 


final base map, which was corrected and deline-


ated into EA's, based on information provided 


by the local official. For a rural area, the
 

ideal EA size was set at about 100 [lU's, but 

in order to use natural and man-made features
 

as boundaries, the actual sizes of EA's ranged
 

from 85 HU's to 120 HU's, as shown below. 

EA No. IIU estimate 
001 90
 

002 105 
003 110004 10 
004 100
 

005 85
 

006 100 
S-007008 9 

008 95 

009 105 

010 115
 
Oil 120
 

Note that the Special Dwelling Place was 

designated EA S-007; note also that EA's were 

numbered in serpentine fashion starting at the 

northwest corner. Separate base maps were used 

for Casseta, Hutta, and Feri but, as shown, an 
EA line was drawn around each place.
 

5.42 EA delineation based on information 

from an aerial photograph.--In exhibit 7-4, the 

first map shows a portion of the base map of 

a section of a city called Levittown. The base
 

map was drafted according to the materials and
 

instructions in the map package, exhibit 6-6.
 

The heavy sol id I ines represent paved roads andtheebroken fottpaths 

the broken lines represent unpaVk'd footpaths. 

Since the air photo was of recent origin, 

the NSO did not feel that it was necessary to 

ask local officials for IIU estimates, and there 

were recent planning maps which gave the names 

of streets and the location of boundaries and
 

landmarks. The enlargement of the air photo
 

was used to estimate lU's by block. The person
 

making the estimates had to be trained to inter

pret the photo in order to distinguish between
 

HU's and other buildings, and between streets
 

that defined the blocks and footpaths that ran
 

down the middle of the block.
 

The second map in exhibit 7-4 is a portion
 

of the final base map which was delineated into
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EA's. 
Note that, in order to dulineate them 


clearly, the base inap had 
to be enlarged. 


6. DELINEATING AND NUMBERING CL AREAS 


Crew leader areas consist of groups of 


EA's, and therefore do not have the boundary 


and delineation problems which were resolved 


at the EA level. However, CL areas have some 


problems of their own. 


CL areas musc observe the boundaries of
 
field district offices. Boundaries of these 


offices are usually determined by grouping ad-


ministrative areas to 
form a wockload for each 


office. These areas must be determined early 


in the census planning. 


CL areas normally contain from 8 to 12 


EA's each. This number varies with the length 


of time for enumeration, the size of enumerator 


workloads, anticipated travel time within and 


between EA's, and the intensity of supervision 


desired. In practice, about 10 EA's usually 


make a good crew leader assignment. 


CL assignments should be reasonably equal
 
in size. 
 Again, this depends on the variation 


in the EA's that make up the assignment. 


If possible, CL 
areas should be confined
 

to EA's under supervision of one field office.
 
If it is necessary for the CL area 
to cross an 

administrative boundary line (a district line 

for example), the person delineating CL areas
 
must be sure that the parts are adjacent to 

each other, that they form a compact area with 


no major travel obstacle between the parts, and
 

that they lie within the boundaries of only 
one of the field offices. CL areas should be 

designed to minimize travel and they should 
not, except under unusual circumstances, con-
sist of disconnected pieces of territory At
 

the same time, every EA must be assigned to 

one, and only one, CL area.
 

The numbering of CL areas follows the 


same general principles as numbering of EA's. 


However, since CL areas may cross lower-order
 

administrative boundaries, it is recommended
 

that they be numbered within district field
 
offices. A serpentine numbering system, like
 

that suggested for EA's, may be used. Because
 

of the difficulty of maintaining an orderly
 

sequence of areas in preparing base maps and
 

delineating EA's, great 
care must be taken to
 

ensure that no CL area number is used twice
 
within the area covered by one field office.
 

CL area numbers are used only for control
 

purposes. They are not used in the tabulating
 

geographic code scheme. 
CL area boundaries and
 

numbers need appear only on copies of the maps
 

prepared for crew leaders and field offices.
 

As CL areas are delineated and numbered,
 

the numbers should be entered in column 7 of the
 

EA Delineation Worksheet, Form GEO-122, 
as shown
 

in exhibit 7-1. Each field office should receive
 

a copy of the worksheet containing the CL area.3
 

and EA's for which the office is respoftsible.
 

The field offize, in turn, should give each crew
 

leader a list of the EA's in his area.
 

As stated earlier, CL area maps and field
 

office maps may be simply copies of base maps
 
on which EA's have been delineated (referred to
 
as EA base maps), but reproduced at a smaller
 
scale. Each crew leader needs a copy of a map
 

showing the individual EA's and boundaries of 
is area. Te field office needs a copy of a 

map showing all the CL areas that it supervises. 
Individual EA maps would be too bulky to handle
and the large number of copies too costly and
 

hard to control. 

7. PREPARING COPIES
 

After the base map is divided into EA's,
 
it is necessary to 
cut a copy into individual
 

EA maps. Since it is important to include some
 
peripheral area on each individual EA map, it
 

is not possible to obtain all 
the EA maps for
 
an administrative area from one copy of the EA
 

base map for that area.
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7. 1 Repjoductgon o6 

Map reproduction 

owrn unique problems. 

needed and quality of 

of the operation. It 

EA mnaps 

is a process that has its 
Size and number of copies 

paper all affect the cost 

should be stressed that 

at tlis stage of the work, time is a very im-

portant factor; any delay in sending EA maps 

to the field will seriously affect the progress 

of the census. Therefore, high-speed equipment 

for making copies of the size, quantities, and 

quality required is not only desirable but also 

necessary. (Sev chapter 11 for description of 

types of equipment.) 

7.11 Size of cop\'.--An individual LA map 

should not be too large or too small. If it 

is large, the enumerator may fold it carelessly 

or roll it up tightly, and thus increase the 

possibility of mishandling and tearing. Large 

maps also are very clumsv to use in the field, 

By way of contrast, small maps are often diffi

cult to read and can be easily lost. The size 

will depend on the settlement pattern in tle 

area, which must be shown at a scale that is 

large enough for the enumerator to locate the
 
EA and its features; at the same time, the EA 

map should be small enough to handle easily.
 

Sometimes it is impossible to meet both of these 

requirements. In any event, legible maps must 


be available, even though the sizes uf the maps 

may be awkward to handle, 

7.12 Number of copies of EA maps.--The7.12atlv 

cost to produce several copies of individual 


EA maps and to control their distribution can 


be a problem. In the interest of economy, only 


one copy of the individual EA map is needed and 


that copy must be given to the enumerator. The 


crew leaders and field offices need copies of
 

maps showing CL areas and EA's. The NSO should
 

retain the original copy on which EA's and CL 

areas were delineated, rather than individual 

EA maps. It is recognized that an EA map may 

be lost, and the enumerator would be delayed 

unless the crew leader has an extra copy. An 


of copies Thumber nede depends-Th
 

accurately. The number of copies needed depends 

on how many EA's appear on one sheet, how they
 

are arranged, and which cut-out procedure is
 

used. Enough copies should be made to do the
 

job; at the same time, too many copies are waste
ful. There are several ways to calculate the
 

number of copies needed.
 

Since CL areas may also be delineated on 

EA base maps, additional copies of the EA base
 

maps are needed. The calculation should pro

vide one copy for the field office and enough
 

copies to cut out individual CL areas.
 

extra copy is useful also when the crew leader 
needs to spllit a large EA. Hlowever, the NSO 

must consider whether it is efficient to pro

vide enon h copies to ensure that every crew 

leader has an extra copy for the relatively few 

times e needs it. If an extra copy is needed 

in the field, the crew leader can make a tracing 
of the EA from his Cf. area ,. 

7.13 (,a51it v of paper.--The paper used 

for maps should be of reasonably good quality. 

The maps may be used under conditions of high 

or low temperatures and in the rain. They may 

be folded, rolled, or crumpled. They will re

ceive rough treatment. However, the actual
 

enumeration period for any EA is normlly not
 

more than several weeks. Accordingly, the map 

paper need not be of such excellent quality 

that its use becomes prohibitive because of 

high costs. Use of coated diazo-type paper
 
for EA and Cf. area maps reduces costs anJ pro

vides enough additional strength in the paper 

to be satisfactory for field operations. This 

paper may be purchased already coated, although
standard paper sprayed with s protective coat

ing may serve the purpose in some cases. 

7.2 CtcutatioLn o6 copiu of EA bse matps 

As mentioned earlier, individual EA maps
 

may be cut from EA ba.,e maps. Furthermore, each 

individual map must show some peripheral area 

so that the enumer'ator can locate EA boundaries
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7.21 Example A.--One procedure is to pre- from copy 1, but EA 4 requires copy 3. EA 5
 
pare a worksheet listing the EA's that can be cannot be taken from copy 1 but can be cut from
 

cut from each copy. In figure 7d, assume that copy 2. EA 6 can come from copy 1; but EA 7
 

each EA around the margins of the map will be requires copy 4; etc. For this example, four
 
matched with the rest of the EA that appears copies of the EA base map are needed for the
 

on another sheet. The example requires four individual EA maps. When the copies are repro
copies of the map sheet if individual EA's are 
 duced, the cutter should follow the worksheet.
 

to have some peripheral area. One way is to
 A similar way to calculate the nuirser of
 
consider each EA in sequential order. Cut EA copies needed is to start with one EA and list
 

I from copy 1; since EA 2 cannot also be taken
 all the other EA's that can be cut from that
 
from copy 1, copy 2 is needed. EA 3 can be cut
 one copy. For example, start with EA 16; place
 

a pencil check mark beside the number on the

Figure 7d. WORK AbIP AND SfMPLE WORKSHEET 

FOR CUT-OUT PROCEDURE 
 mp. Them look for other EA's that cam be cut 
from the same copy--in this case, EA's 18, 4, 

017 28,,and 37. EA 17 would be cut from copy 2, as 

016 would EA's 5, 8, and 21. Do the same for copy
 
0 018 3, and as many more copies as needed. For this
 

- -example, four copies are needed.
 

001 -003 7.22 Example B.--Another procedure is to 

004 1 simply reproduce some copies of the base map 

and start cutting, without preparing a work

sheet. It would save the time of calculatir.g 

f 021 number of copies needed but may result in too 

37 00 many copies having been made or too few, in 

which case there would be a delay until more 

0- 9 -copies are available; in either case, the cost 

029 
 would be greater.
 

7.23 Example C.--A third procedure is to 

FORM GO0 -12 NIPo-ce 
sh, 3 o photograph each EA (with peripheral area)iCode from 

I ,2 - the original copy of the EA base map, then en-
D. tr,(cICode 

WOfNSM(I1 Be1 t .3 large and print one copy for the enumerator.
CU T-OUT Colc ulaled by- IDole 

PROCEDURE C by Do,, Microfilm or larger film may be used to make 
cPoEb,-
 Do/e the negative of the EA map. This is 
an effi-


I_ method, although it could be more costly
_cient 


a 

A, Copy EA No than the diazo and cut-out method.
 

Noo'e Cod. NO I 

9-? / 3( -. X) o 97 6 7.24 Example D.--A fourth procedure is to 
S ".eliminate the peripheral area on the individual 

39 EA map and use only one copy of the EA base map 

,'l"'," V. . to cut each EA along its boundaries. While this 

reduces the number of copies of the EA base map, 

,9-45 - i 39, the lack of peripheral area introduces possible 

error in identifying EA boundaries. 
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Fiz:',' 7e. EA M4P SHOWING PERIPHERAL 4REA 


(D 


___ . ,Bara 

In 
i 

c,+ L 

_______O 'coloring 

. 3tappropriate 


I 
,I
,maps 


L 4 jLStreet 

iU I 


7.3 Map CUt-OUt p.toceduie 

Individual EA maps need not be rectangular 


or square although a regular frame of straight 

lines is usually more convenient to plan and
 

cut. The procedure should be to cut the Jase
 

map so that each EA plus some peripheral area, 


as shown in figure 7e, is on a single piece of
 

paper. 

A device that is often used when cutting 


the Ea maps is a template. This is a form that 


is placed over the EA to be cut out. 
 It can be
 
zectangular or square. The cutter draws a line, 

in pencil, around the inner perimeter of the
 

template. Before cutting aiyv map, he should 


draw the pencil lines for all other EA's to be
 
cut from that same map copy. Some adjustment 


may need to be made when the EA's on 
the sheet
 

vary greatly in land area; there is risk of
 

including too little peripheral area for some
 
of them. If an EA is large in land area or 
if 


it has an odd shape, the template may have to be 


placed at an angle or moved to form a larger or 


smaller rectangle. 


As the individual maps are cut from the 


base map, the cutter should keep a record of 


which EA maps he has cut. He could use 
the 


worksheet that was prepared by the person who
 

calculated the number of copies of thle base 

map that were needed (see figure 7d).
 

8. ADVING IVENTIFICATION, COLORED 6OINPARV
 
LINES, ANP OTHER "IAP ELEMINTS 

Final steps in preparing EA maps include 

the EA boundary lines, supplying an
 

legend, and adding identification
 

codes. As with other mapping tasks, these
 

final steps should be verified before the EA 

leave the EA Delineation Branch. 

8.1 Cototing EA and CL vtea fbis 

On the copy of the EA map that is given
 

to the enumerator, a colored line should be
 

drawn over the EA boundary line. Color choice
 

is optional, but a bright color (such as orange
 

or red) is recommended, so that it can be seen
 
easily. Colored lines serve to ensure that EA
 

boundaries are clearly marked for the enumera

tor; 
they are used only on the EA for which the
 
specific map has been prepared; boundary lines
of adjoining EA's that appear on the map must
 

not be colored. The colored lines should be
 
verified, but their placement is 
one of the
 
least time-consuming tasks in the EA delinea

tion activity.
 

On the crew leader and field office maps,
 
boundaries of the CL area(s) should be colored
 

but in a different color. 
 Bright green is sug
gested.
 

8.2 Adding legend, scate, and idenftLication
 

The individual EA maps normally must have
 

a legend, graphic scale, and north arrow added
 

to them. These map elements already are on
 
tle base map, but they appear there only once
 

and may be lost in the cut-out process. These
 

elements can be added by means of rubber stamps
 

which have been made for the specific purpose.
 

Special care should be taken to ensure that
 

the correct scale is added, since EA and crew
 

leader maps may be of different scales.
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The names of the 2nd, 
3rd, and 4th order 


administrative divisions should be written on 


each EA map, in addition to the EA number. 
 It 


is recommended that these names and codes be 


put on 
the map at the time that the EA maps are 


cut from the base map. If there is no room on 


the map itself, it nay be necessary to place 

the items outside the map. 


On tile crew leader and field office maps, 


the code for CL areas should be indicated, in 


addition to the other identification, 


8.3 Mounting -zdividuaf EA m6 

In some census offices, the EA maps are 

pasted or taped directly on the inside cover 


of the EA book, which contains materials that 


the enumerator uses for the enumeration. If 


this procedure is followed, the identification 


of the EA should be entered on the EA book at 


the same time. 


Another procedure is to mount the EA map 


on a piece of lightweight cardboard about the 


size of the EA book. If tile map is too large, 


it 
can be folded to fit the cardboard. This 


procedure has the advantage that EA maps can
 
be recovered easily after the census enumera-


tion and kept for later reference; oo the other 


hand, they may be more easily lose than if they 


were attached directly to the EA book. 


9. AMIINISTRATIVE REQUIREMENTS 

The administrative requirements of the 

geography staff for delineating and controlling 


EA's are very similar to those involved in the 


compilation of base maps, including the types 


of personnel needed and recruited. Controls 


and progress reports also are similar. 


9.1 P monne nDeeds and tia~ning 

Although the EA Delineation Branch of the 

NSO is active only at 
the time of the census, 


it probably has the heaviest burden of the 
en-


tire mapping program. Much of the work can be
 
done by competent clerks or technicians with
 

professionally developed instructions and good
 

supervision. 
The clerks should be trained on

the-job to make boundary choices, judge the
 

effects of terrain on the enumerator's travel
 

in an area, and effectively combine groups
 
of sectors (or blocks) iato EA's and EA's 
into
 

CL areas. The supervisors of the various EA
 

delineation functions should be professional
 

persons with census geography experience.
 

Some specialization of tasks may be intro
duced into the operations. Some tasks may even
 
be accomplished by setting up an "assembly line"
 
arrangement. For example, one clerk may simply
 

outline the EA's; 
another may calculate the
 

number of man copies needed; a third may cut
 

the individual EA maps from the base map copies;
 
a fourth raay color the EA boundaries; etc. Such
 

arrangement usually results in better production
 

and better quality work. Even if one person did
 

several tasks, 
it would be efficient for him to
 

do one task at n time for each unit of work.
 

9.2 Space and quinenZ eqimements 

The space and equipment needed by the EA
 

Delineation Branch parallel those of the map
 

compilation staff. Of particular importance
 

is the need to order supplies well in advance
 

to avoid delays.
 

9.3 Conto. ad pogess kepo'ts 

Because of the importance ane size of the
 
job, it is essential that the EA Delineation
 

Branch keep records on the flow of work in the
 

Branch. As indicated in chapter 6, the control
 

record, form GEO-102, can be used for compila

tion, EA delineation, or drafting (see exhibit
 

6-7). The form would reflect the various steps

in EA delineation and control. 
An index map,
 

similar to the one for map compilation (refer
 

to figure 6d) could be constructed to reflect
 

pictorially the progress of EA delineation.
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I. INTRO PNCT70, 

Previous chap ter; In this manual discussed 

the interpretation of maps and the steps involved 

in preparing; maprs for censis use. It is the pur-

pose 	of this chapter to discuss the transfer of 

eSSential C'l'1tS Of tlni ; backgFround to field 

OffioCL t.i. enumerators. 

Chaptvr - i. int:ieo d to provide the NS)o 

staff wit" th neede i or:-at on on the use of 

maps in tli:7rat¢e:s It does notthe 	 ion. 

substitute a> a tratatn manual; rather, it 

atte-ts to hi :hi ght information and proce-

duros u:hich mav b; included in such a manual, 

'. PURPOSE ,F ,LLIu.'fIRATION1IAPS 

Personnel .who will be involved iii field 

operations use three types of maps: (i) EA 

mnaps, (b) crew leader maps, a-nd (c) field 

office maps. Although their uses have been 

rediscussed in earlier chapters, they are 

viewed and surmaried below, 

2.1 	 Uses o" 1A 

The priimary 

is to divide the 

enumerated once 

, wp 


purpose of delineating EA's 

country so that each part is 

.nd only once. With his indi-

vidual EA map, tihe enumerator can accomplish 

the 	following: 


(1) 	Locate his FA. 

(2) 	Determine precisely what area he is to 
cover (boundaries are indicated in a 
bright color) 

(3) 	Plan the best route of travel in order(3Planto trope of hreisL te-cove 
to cover every piece of his EA system

atically. In this connection, he can 

indicate his starting point and direction 

of travel so that his supervisor can
 
check his work more easily. 


(4) 	 Mark the location of houses (for possible 
return visits). 

(5) 	Estimate the amount of travel from point
 

to point.
 

(6) 	Add new streets and names, cross out fea-
I ureS tihat 1o longer exist, and otherwise 
L 	 tha o r fut ase. 
up1date tihe map for fture uise. 

The individual EA maps can be used by the 

crew leader also. The crew leader can use them 

to estimate workloads, split EA's that are too 

large for one enumerator, help the enumerator
 

to plan the best route of travel, and resolve 

boundary problems. However, for crew leader
 

and field office control purposes, they are too
 

bulky; smaller-scale maps showing the entire CL
 

area on a single sheet are more practical.
 

2.2 	 ULSC o,) cetW f£eade (CL) actea imaps 

As discussed earlier, maps for the crew 

leaders may be simply copies ,f the EA base 

maps 	(base maps with EA's delineated on them)
 
at smaller scale and with CL area boundaries 

added. With this map, the crew leader has a 
visual representation of the relative location 

of each of the EA's in his area. lie can also 

plan his travel to observe the enumerators and 

review their work, identify places that may be 

hard to reach, and verify the boundaries so as 

to assure that there Is no omission and no dup

lication of area.
 

2.3 	 U5es6 o~ Ciefd oA6ice rnps 

Field office maps that show EA and Cl, area 
boundaries serve as a visual aid to monitor the
 

progress of the census enumeration. They assist 

the management staff in estimating workloads 
and 	 travel costs, arranging for distribution 

and 	receipt of materials, Identifying trouble
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spots, and arranging visits of office personnel 

to field locations, 


3. BASIC SKILLS FOR PROPMR USE OF MAPS 


In order for the field staff to 
use the 

maps effectively, they will need certain skills. 

The skills are of two types: 
 (a) pre-training 

skills, or basic skills personnel should possess 
prior to being employed, and (b) post-traip!ng 

skills, or special skills that will be acquired 
through special training for the census, 

3.1L Pe-ttaing bi bas.Zc skLef6 

Enumerators and crew leaders should have 


certain basic skills. 
 These include not only 

a sense of direction (North, East, South, West)

but also the ability to--


(1) 
Read a map and follow map features 

(2) 
Understand written instructions 


(3) Perform basic arithmetic computations
relative to estimating distances 
relarie 
 te ting ddense 


When hiring enumerators and 
crew leaders, 

a test can be given to 
find out whether they 

have the required qualifications. Exhibit 8-1 


is an example of part of a test which could be
 
used. 

Both crew leaders and enumerators need to 
be trained in specific census matters relative 

to the use of maps. They should be trained in 

the following: 


(1) Interpreting map symbols and relating them 
to natural ground features 

(2) Identifying the EA boundaries 
(3) Orienting the map to ground features 

(4) Measuring distances on tile map onand the 
ground by use of the scale 

(5) Canvassing the EA systematically 
(6) Updating and correcting maps 


(7) Using aerial photographs (as appropriate) 
(8) Caring for the maps 

As stated earlier, maps are useful tools
 
for taking a census. However, unless the enu

meration staff is trained in how to 
use them,

not only will the map preparation effort have
 

been wasted but the census results will suffer.
 
This chapter is concerned primarily with
 

the post-training skills that 
are needed.
 
Further, it concentrates oilthe 
use of EA maps,
 
whether by enumerators, 
crew leaders, or other 
field personnel. Topics that should be covered 
in the training have already been discussed in 

important pointi are 

some detail in earlier chapters; only the morementioned here 
to call
 
attention to 
those matters 
that need emphasis
 

in the training.
 

4. INTERPRETING SYMBOLS, LEGEND, ANV SCALE
 

EA maps for rural areas usually will have
 
symbols, legend, and scale. 
 EA maps for large
 
urban areas, since they represent relatively
 

but small areas, may have symbols only
for major landmirks; 
further, the map may 
or
 may not indicate the map scale. 
 It is expected
 
that Lhe enumerator will be 
familiar with the
 
area and may not need symbols and scale.
 

4.1 Symbots and eegend 

If symbols are shown on the EA map,enumerator the
should know how to interpret them 

using the legend. Understanding the map symbols 
is essential for 
identifying boundaries, plan
ning travel, recognizing multiple dwellings,
 
and locating landmarks so as 
to keep within the
 
EA. In a population census, it should also be
 
emphasized that the enumerator must visit every
 
structure 
or place where people might live in
 
the EA, whether or 
not the structure is shown 

on the EA map. 

4.2 Ue oA map scae 
On EA maps, the scale is generally of the
 

graphic or bar type, which is the simplest to 
use. Examples of graphic scales and their uses 
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are given in chapter 3 (sections 	 3.13 and 3.22). locate them accurately. Further, he should be 

In the examples in chapter 3, the part to the cautioned to enumerate within the boundaries. 

left of the "zero" position is used to measure The boundary is actually the middle of a street 

short di1tanc and to mea ure distances more or road; the enumerator should not include the 

closely; nor, taari the subdivisions are shown houses or land on the side that is beyond the 

in smiallesr unit,; o mea sure. 	 boundary. 

Occ.-:iona!lv, ain EA map .hows the scale As indicated earlier, EA boundaries that 

as a ratio, a fracticn, or a word statement. are also boundaries of an administrative divi-

More trainin,; norn:a i1v is required when ratios sion often are imaginary lines. Using the map 

or fraction, are used. When poszhle, the map scale and measuring the distance of the imagi

scale should be converted to graphic form be- nary boundary from some recognizable landmark 

fore th. :!.p i given to the enumerator, should be encouraged. Sometimes there is a 

marker of some sort that indicates the limits 

of an administrative division. If the location 

Fie p r cL arc often required to of the boundary is still in doubt, the enumer

-asure 1' , , that they can estimate ator should check with a knowledgeable local 

t rav.l tie a -oru i:.portantlv, determine official. 

oSvraltheof 
If the EA map does not show peripheralprecedin ch.t rs- p.arti,:ular 1v 	chapter 3,
 .. .. 3area (area immediately outside the EA), 
the
I ,: r~ -: : ::th-;ds cf .mreasuring distances- enumerator may need a small-scale map of the
:7- pacing, by automoie, and bv. bicvc e. The larger area of which his EA is a part. Thispaper stri', =t.hd, described in chapter 3, can help him reach his EA and assure that heisa airly aimipctchiu omesr his a y e' technique to measure the has identified the boundaries accurately.


di st.ncu accordin, to the map. If the distance 

is not a straight line, the enumerator should 6. CANVASSING TECHNIQUES
 

measure the road in :sections, then add to get 

the total. Canvassing involves a systematic search
 

of the EA one section at a time. However, be-

Ordinarly, the enumerator can follow the fore he starts, the enumerator must be certain
 

direction and names of roads and 	 intersecting that he has located his EA. 

street!-; he ne ed not be concerned with distance. 

However, he ,ili need to estimate distances 6.1 Locat ng the A 
when EA boundaries are im aginary 	 lines or when In order to locate his EA, the enumerator 
features have been added or have disappeared must often rely on the peripheral area. In the 

since the map a; made. In all cases, the enu- example in figure 8a, assume that the enumera

merator must cover the land within the EA lines tor starts out from the hamlet of F.erra (just 
as drawn on the EA map. west of the map area). lie will know that he 

must first cross a bridge over Chestnut Creek
 
5. IVENTFI~CATION OF THE A 	 and that, about 100 meters from that point, he 

One of the most important features on EA will come to a road Intersection (Pod Trail and 

maps is the EA boundary. It serves as a "fence" Litho Trail) , which is the northwest corner of 

around the enumerator's assignment and helps the EA. This procedure contrasts with that of 

to assure complete coverage. The enumerator an enumerator who does not use the information 

must be able to recognize the boundaries and about the peripheral area. When lie approaches 
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FTuiqw 8cl. PERIPHERY ]WF1,, cateORA ,1 to the enumerator that he has located the 

'O T) 

OSSA 

eastern boundary of his EA.

-NETZ.
 

_ 1_It SoLDI /rRA. 6.2 O'ienting the map 

TOJL POD TRAIL Upon arrival in the field, the enumerator

FI 

must orient himself with respect to his EA map.
 
The first step 
is to lay the map flat so that
 

;the
.4 V whole map and legend are clearly visible. 
Cf It is usually preferable to begin orientation 

I I: at a major street or road intersection, since
 
this can often be readily located both on the
 
map and on the ground. 
 Other nearby features
 

such as houses, churches, railroads, and rivers
 

_ should be checked against the symbols shown on
At ]-
 the map. The enumerator must be aware of the
 
LATo N,
LATO fact that certain man-made features, especially
 

Imay 
t buildings, may be newly constructed and otherc 

no longer exist. Accordingly, training
SCAE U should stress the fact 
that he still must use
 

LEGEND 
 his map despite changes that have taken place
 
Road Z:Z River 
 on the grouid but have not 
been reflected on
 

... :Trail ---- Stream 
 the map.
 
Bridge ,.-j 
 EA boundary 
 The map should be held in such a way that
 

major map features are lined up (or oriented)
 
parallel with the ground features.
the EA from Plano (southeast of the map area), 

In figure

8b for example, the enumerator has lined up
he might easily mistake Limon Trail for Chern 
 Route 5 as shown on 
the map in the direction
 

Trail and start enumerating in the wrong place, 
 of travel. Then, the other map and ground

outside the EA. 
 features are 
in their correct relative posi-


On the other hand, if he used his map and tions; the store and the two houses are on the

looked at the peripheral area, he would 
 find right, and the school and church will be ontwo crossroads along Rite Road and he would the left, both on the map and on the ground

know that the border of 
 his EA was the second (after turning on Route 5).

intersection, located about 150 
 meters north If there is no named road to help him to
of the first intersection he encountered. 
 To establish his location, the enumerator should prove that these two crossroads are the ones on watch for other landmarks and ci-,ck them with

the map, the enumerator might continue north 
 the map. Somotimes he can find a sequence
along Rite Road for about 400 meters and then landmarks. For example, 

of 

he might observe a
 
come to another intersection. 
 At this point, store and two houses on the right, and a streamthe Sero River would be closer to him (about and a railroad on the left. With these, he is80 meters) than It was at the intersection of fairly certain he has located his EA. CheckingChern Trail and Rite Road (about 120 meters). distances to other landmarks shown on the mapThese indications of agreement between map and and observed on the ground help to confirm the 
ground features should be sufficient to indi- location of the EA. 
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*" . ,. k • " '1 ". - "" ; 

6.~ 5'' O'Lrbloks - Fo eah ecioo bocDh 
. -.. _ .- -

- .. , '% -. "' 

ir'rn -efnsin point isas on 

' 
6,3 ,k L'ttriC C t ':Ct or blocks. For e.achl section or block, tlio 

Before startin.4 his work, the tmnrerator 

should exami ne the. E.-\ map careful 'y so L Le cInVassinrig (unless there is an obstacle). 

can dcvevlop a c car and ef i(,i nt pIan for can- At tilterd of each lay, the enumerator 

vassIn . cre,.,! eadur help him. plan could on the map the point where hehe ev the. indicat 

best route ): travel. ln';ai as p'-s-i-,te, th: stopped; for .ample, liecould draw two short 

enumerator sh,- ld plan his travel to minimize lines at right angles to the road on which lie 

"backtrcking" (coing hack over tie same rwads was traveling and enter the (late. 

or streuts. 

Thfe iliti il s4tep i:sto divide the LA into er,.X' U?,''""T I'EL FO, rAt/vASSIN(; 

SecIt ion-' , If- possible. In urban areas, the EAj

might 1( divided into blocks or sectors. In 

rura. areas , the sect ions would f,I low roads , N 

streams, etr. Tire starting point for tire EA 
lV b)e ;ln,,- colvenient re,.on izable point. For " 

the benefit of the crew le.'der, as well as the 

enumerator, Ltie startLin); point shrould be mia rked 

with a larg. X or other symbol . In figure s8c 

the crew leader has indicated various crrners 

as start.ing paints for the respectlve sections . 
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An important rule is: "Keep to the right." 


This means proceeding clockwise from the start-


ing point so that the houses being enumerated 

are always on the enumerator's right. The EA 


map should always be oriented so that it points 


in the direction of travel. As each corner is 

turned, the map should be re-oriented so that 


the features on tile map are 	lined up with the 


same features on the ground. 


In general, the enumerator 	should complete
 

one section or block before starting the next.
 

However, if a road is very difficult to travel, 


the enumerator may need to canvass both sides 


of tile road at the same time (if the EA indeed 


includes the area on both sides). Care must be 


taken in doing this, so as 	not to miss or dupli-


cate any houses. 


6.4 Idebztificat~on o4~ Izouwng unit6 


In some censuses, the enumerator is asked 

to plot housing units on the EA map, especially 

in rural areas. Ile is instructed to place a 

small square or other symbol at tile spot where 

the HU is located, lie will need to identify 

each symbol by serial number or similar identi-

fication of the particular IIU. Although the 

enumerator may have difficulty pinpointing the 


exact location of the RU, even the approximate 

location is useful for checking or for finding 

the HU when a return visit 	is necessary. Tile 


enumerator should be able at least to indicate 

on which side of the road or street the HU is 
located. In urban areas, it is ordinarily not 

possible to plot the location of each HU on the 

EA map because of the large number of {U's in a 

city block and the relatively small size of the 

map. 

6.5 Movbtg a~criowd obtac~ee 


In rural EA's in particular, the enumerator 

may encounter obstacles to his planned route of 

travel. These obstacles might include natural 

features such as swamps, rivers, deep valleys, 

or mountains. Most obstacles of this type are 

essentially permanent and m.iy be shown on the 

EA map. The enumerator should take such diffi

culties into account in planning the canvass. 

It is rare that such obstacles are completely
 

impassable, but it is true that a lengthy side
 

trip may be required to travel around them. A
 

good canvass 1ilan must make allowance for this.
 

For example, if an EA contains a large stream
 

with one bridge, tile plan of canvass should pro

vide for separating the area into sections which 
would minimize the number of times the scream 

must be crossed.
 

Temporary obstacles to travel also could
 

develop. Examples include a bridge or street
 

under repair, or a river in 	flood. In situa

tions such as these, the EA 	map may show some
 

alternative routes. Questioning residents in
 

tile area can also be helpful, particulaily if
 

the enumerator is not familiar with the area.
 

If the obstacle is a temporary one, it may be
 

possible to continue with another part of the
 

canvass and return later.
 

7. 	MAP CORRECTIONS
 

-date,
Maps of EA's may sometimes be out-of-t,
 

or they may contain incorrect information about 
specific ground features. The enumerator is 

responsible for making corrections on hts EA 

map. Map correction should be considered an 

important and basic part of his census job. 

7. 1 Changes ,t iiames 

Streets and roads are important since they 
represent lines of travel and canvass. They 

are also important in determining locations of 

feat tires. Streets and roads are the primarv 

references within an FA. 

The name of a road o- street serves to 

separate that particular feature from other
 

similar ones; for example, a church located at 

the intersection of Rondo Road and Cook Trail 

is different from the church at the intersec

tion of Rondo Road and Wang Street. The names 
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of streeLs, reads, et. thereore, should be 

correcti..nc anc o aon," I an 

error is found, Lncludi n ,,qpe1li * the enu-

merator should i pl1 drIw ., ine through the 

original name on t:.:ap and vrtv the correct 

one. in i:ure 92. the :majr road formerly 

was cail,d R'iit' 3". 1, is now Called I iglwi' 

45 and ' i. n : ton 0I rd "!1 tbe 

Ac -pei!:map. 1, oitviol., :or Brol i Road 

haI4 ee n corii,,tOd - ! 11 1 in 

and p ,lcer.ctn:t c- : *,:: - l n,'te Ii:x itIed 

to roais i An,! 1,cCI:ations of 

all natural tad .:-: -,,r:s on the mal 

should bc e:.xa::inc.<. i L:sr'Irr,-', *-;11 


It i i, rt.t . a.t t-e E~ map at. 

ne%,w featurt 2 r ,.1. i : ,. new- ., tudes 

roads-, i:r '':.U":~ i:: b i~ , t . Whlen 

.tlddin: -'.:!;.: :i , thu cuI:.,rit r should try 

oe::, i p standardenter t ,. tlIc ' s: emboIs. 
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In figure 8d, several new features are 

shown. A new road (Tarm Road) is drawn in, 

lead tig southwest of Hilghway 45; a new trail 

(Kewak Trail) has been added northeast of the 

highway. Also, a large office buid ing and a 

school have beni added along IHighway 45 near 

the intersection of the highway and Brol.e Road. 

All these have been drawn on the map by the 

tnuimeratoi, who also supplied the names. 

(:round features that have been demolished 

or otherwise removed from the area shoild be 

crossed ont on the nap. An X can be used to 

cross out buildings and elimnate roads. Two 

such chanIges have been1 made in figure 8d; a 

church has been crossed out and a trail west 

of 4Igh.,. Tratl) has replaced"5 (Pasa been 
by cropland and therefore was deleted. 

S. USE (F AURIAL PHOTOGRAPHS 

Althougb it is not recommended, there may 
be t imes when an aerial photograph must substi

tute for :in EA nap; for example, maps may not 

be available for an area and there may not be 

time to make a sketch. Ift h enumerator must 

uso an aerial photoraphh, he will need special 

training. Some of the training for usinrg maps 

ra. be carried over to aerial photographs; for 

exampl ,, the same principles concerning the 

o f a ,:rapn ic sca le fo r measuring d istances 

I_ the ;in1e rules; canvassing will prevail.and for 

The main difference that is likely to occur is 

in thi.: ident if icat ion of individua I objects, 

which are normally shown by symbols on EA maps. 

Most enumerators will not have seen an aerial 

photograph before; even an overhead view of 

their own neighborhoods may be puzzling. 

A simple approach to air photo interpre

tation might begin with identifying the usual 

features that are known to the enumerator, such 

as roads, streams, trails, and large buildings.
 

It will be helpful also to train the enumerator
 

to recognize woodlands, cultivated land, and
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other types of land use, since these may be of 


value in establishing boundaries, 


As soon as the enumerator can recognize 


the usual ground features on the photograph, he 


should be required to practice making distance 


measurements. An exercise in boundary identi-


fication likewise will be helpful, 


Another likely difference between an air 


photo and an 
EA map is that of scale. Usually
 
the photo has a smaller scale. Accordingly, it 


will show a larger area than the EA map. Thus 

the photo may contain more peripheral informa-

tion than is needed by the enumerator and may 


confuse him. In addition, it may be found that 

many photos are too dark or too light. Some
 

also may have too much cloud cover. Others may 


show dense foliage which can hide many of the 


features, 


9. CARE OF MAPS 


The enumerator should be made responsible 


for the care of his EA map. lie must return it 

to the NSO along with his questionnaires and 

other census forms. The map is an important 


part of the record of the census; it may also 

be put to use at a later time. 


Maps are best preserved if they are not 

folded or rolled. An EA map is normally small 

enough that the enumerator can keep it flat at 

all times. If it must be folded, however, it 

should be folded and refolded in exactly the 

same way each time so that it remains a neat 

compact package. Since folding will develop 

lines of weakness in tle paper, it is hest to 
limit thle number of folds. 

In tle field, the enumerator Should take 

care to protect his map during bad weather, 

Water in particular causes rapid deterioration 

of the paper. Because of moisture problems, 

the enumerator should be instructed to do all 

writing on the map in pencil rather than pen. 

If the map should get wet, the ink might run
 

and destroy valuable information.
 

If the map is torn, it should hz repaired
 

as soon as possible, so that the problem does
 

not worsen. A strong transparent tape can be
 

applied to the back of the map. 
 If the torn,
 

edges are carefully matched, the tear may be
 

virtually unnoticed on the face of the map.
 

10. AVVITIONAL TRAINING FOR CREW LEADERS
 

Crew leaders should be trained in the
 

same census tasks as enumerators. However,
 

since they have some additional tasks that
 

involve maps, they need additional training. 

10.1 Sp&t EA'-s
 

One of the duties of the crew leader is
 

to make a preliminary visit to each EA to see
 

if there are any boundary or car /assing prob
lems. In cases where he finds that the EA is 

unusually large, ia terms of population, he 

will need to split the EA into assignments of 

more reasonable size. In making tile spil it, he 

should follow recognizable features so that the
 

enumerator wili know exactly what area his EA 
covers.
 

The need to split EA's occurs most often 

in areas of rapid population growth. A single 

city block may be so densely populated that it 

must be assigned to several LI umerators. It 

may not be possible to use a natural feature 

as a boundary; but it is importan" that thz 

split be made so that there is no doubt which 

part belongs to each LA. 

Figure 8e shows an urban EA that had to be
 
split. The boundary separating tile two parts 

is an imaginary line. The enumerators should 
be instructed that the dividing line is next 

to the school on Second Avenue and between the 

apartment building and the row of houses on 

First Avenue. They should sight through the 
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S:"nc :"?. :I " i'..;.'.'A":-' i -- building at til northeist corner is a home for 
orphaned children; it is designated EA S-024. 

__i RST L u 11. TRAINING PROGRAM 

..... . -. 
-. U - To be successful, tile training program on 

v.'iu S-OP-4 
I- the use of maps needs to include both classrobm 

0 V.' 025A i instruction and field exercises. The written 

U .instructions ensure that no important points
0, E3 -4 are overlooked, and the field work gives the 

Y i practical application. As a minimum, the field 

,- -.- ... staff .ihould be trained in how to interpret map 
,5 symbols and map scale, identify EA boundaries, 

orient tile map, measure distances, canvass the 

EA, update and correct the maps, use aerial 

•'t~in~erteeSine-faro: D.d;, for photographs, and properly care for maps.d 
J;,0', h il Sos 

i Coleclvequ.ar'turs,,, 

:'a .',.It' A ou d is sugge sted tha t -- da y be devo ted 
ID f,ael-,4 :,eto training in canvassing and following tile EA 

__ ,____ _map and another I day to actual practice in tile 

field. In practice, training in the use of maps 

block from Second Avenue to First Avenue andis integrated with training in other census
 
enumerate every. dwelling cast of that line for operations.
 

HA:025B, and every dwellingweto htlnwesthatof line2 
 T.Iain~ta techniqtes and twiteiiats 

for F.A025A. 
For a large opei:1ion such as a census,


On the EA map for Enumerator A, the crew
 
training technlque. miest, be efficient. A con

leader must cross out the part represented by
 
siderable number of enumerators are Involved


A 02513. For Enumerator B3,he would need to and, consequently, a good share of the resources 
make a copy, of tile portion of the original EA available for the census. Experience indicates 

025 which became 025B.
 
that the method of presentation must be varied,
 

' 
10.2 Spc~e.{a{ EA'3 the trainees need to be actively involved in 
the learning process, and they should have the 

Large collective quarters (places where 
opportunity to do what they are taught.


people live collectively) will be designated
 

by the NSO before the start of the enumeration. Materials that are needed for training in-
These,places include prisons, convents, mental clude training guides, reference manuals, and
 

institutions, workers' dormitories, homes for 
 classroom and field exercises. As mentioned 
orphaned children, and similar places. Special earlier, training in tile use of maps normally 
enumeration procedures are called for in these is incorporated in the training program for all 
EA's, because the enumerator normally will not aspects of the census. 

be able to interview the residents. Special 11.21 Training guides.--A training guide 
EA's are usually designated by a prefix letter, may be in the fori., of an outline or it may be a 
which precedes the EA number. In figure Be, the verbatim guide. An outline shows tile principal 
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topics that the trainer should cover. 
 It has 

the advantage of permitting the trainer to 
use 

his own words. However, there is the problem 

that a trainer may not express his ideas well, 

and that the enumerators will miss 
an important 

point. Furthermore, there is tile 
danger that 

important ideas or procedures will not 
be given 

the proper emphasis. 
Another disadvantage is 

the failure of some 
trainers to control their 

speed. 
 Some will go too rapidly and not 
cover 

the material adequately; others will proceed 
too slowly and will not cover certain points ac 

all because there is no time left. 


A "verbatim" (word for word) guide is in-

tended to 
eliminate most of the problems; 
on 

the other hand, it may introduce some new ones. 

Since a verbatim guide is to be followed as 
it 

is written, and since it is difficult for some 

people to read with expression, a class session 

which lasts for several hours could become very 

dull. 
 To offset this tendency, the verbatim 

guide should have generous amounts of trainee 

participation--questions and answers, practical 
exercises, and the like. Verbatim guides can 
assure that the trainers present the materials 
properly and accurately; additionally, they can 

assure 
that all enumerators receive the same 

training and that tile information is consistent, 

Selected portions of training guides for crew 

leaders and enumeratois respectively are illus-

trated in exhibits 8-2 and 8-3. 

11.22 Reference manuals.--Although the
 
training attempts to 
cover the instructions
 
adequately, it is impossible 
to explore every
 
situation fully. 
 Furthermore, it is expected
 
that the enumerators will not 
remember every
thing. The reference manuals should contain 
explanations of concepts and procedures that
 
the enumerators normally will be using. 
 The
 
manuals also should cover most of the un'ijual 
situations 
they may encounter. Erumerators
 
should be trained in how to theuse manuals. 
Exhibits 8-4 and 8-5 contain small portions of 
the crew leader's and the enumerator's manuals. 

11.23 Filmstrips and other visual aids.--
For a census, which requires a large number of 
employees, it Is efficient to prepare visual
 
aids to 
reduce the amount 
of time needed for
 
training. Filmstrips are 
particularl.: 
effec
tive and can decrease the training time to 
a
 
considerable degree. 
 They require very little
 
equipment--a simple projector and 
a screen (or 
even white paper or a white wall). The script 
can be read or played on a record. Exhibit 8-6 
shows a few pictures and an accompanying script 
related to canvassing procedures. Note that 
the pictures are illustrative only. 
There are
 
gaps in the sequence and therefore they do not
 
present a coordinated set 
of instructions; they
 
were 
selected from a set of 50 pictures which
 
make up the complete training filmstrip on how
 
the enumerator should canvass his EA. 
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Chapter 9. PUBLICATION MAPS AND GRAPHS 

PURPOSEF Lr-FPH1C'S1 IUL V.'T I ' There should be a requirement that census 

Pu ~tict ;rphi csar e tool~z _"hich make area identification maps accompany census publi

the con'u,; !:;ore er_.and 1and to::~t iui e cations locate and identify accurately every 

easier . cn rlt. ; help in area, administrative or statistical, for which 

t :eublat io: ;:aos and graphs any data are provided. Otherwise, many users 

help in . S me t Ineswill not be able to interpret the data in the 

Lis c: 'aFs a p r..a r en.umerationproper geographic distribution. 

,np :e rapcs :c r preparin g 2. Ti!wc. o mcto piubC I.da"h L;base 


punbi icaL i.'.pc.:.
 

There are three major types of area iden
urve 1,'o purposes. tificatlon maps that are used in most census

The firFst, r_ theuocesiiilproe is publications--national maps, Is t order divi

te proi.ide maps; ,hi oca te and sh.ow, the hound sion maps, and urban or metropolitan area maps.
oflr _-11 i at le area.- for .ii Addlional types of maps may be desired in someal nis 

data are r'p)r d i n census publiccations. These countries. 

:maps arctkno,-n as census area identification 

2.11 National maps.--A national outlinem::aps. The seecc' irpose is to present si-g

ioficant r ,the census in tie form of map of page size showing the boundaries of the 

It dststaistcal:r~ps ndgraphs (or charts), thus order divisions (provinccs, states, etc.) 

makin4 it e;ier ' or the -enerail 'ier to tinder- and their names are required for all censuses, 

stand the ge-o;rapic distributic3 and patterns as illustrated in figure 9a. A larger national 

inherent in the data in the stat>.'tical tables. map, showing Ist, 2 
n d, and possibly 3rd order 

If these graph~ics -re attractively' designed, divisions and cities with names, is also needed 

the'.' can ariuse curisit' and StiMullate the use if data are provided for all of these areas 

of th results of the census. (figure 9c). Other useful maps might show the 

1major regions of the country defined in terms
 

of Is t 
. CENSlS AREA IENTIFICAT7ON 'fAPS or 2nd order divisions, or the locations 

and names of major cities or metropolitan areas 
ensusI area identification maps, often either by symbols, outline, or shading of the 

called out] ine base maps, always include the 
a reas. 

boundaries and the names or numbers of the 

2.12 First order division maps.--Outline
areas hei ng; ident ified. Sometimes, the names 

of bo,-nd- r'"fea tires, such as roads, rivers, maps of each 1s t order division showing 2nd or 

and lake;, Iare included. In addition to serv- 3rd order divisions also are usually published. 

ing in cense:; publi cat ions as an aid to users, Figure 9b is an illustration of a province map 

by locat l, andhoing the areas for which of a country showing districts (2n d order 

statistics are published, these maps may also 

serve as base maps for time preparation of sta- 11s u.,ed in thi:; chlapter, the. tirm region is 
tis;tical, maps. When u~sed as base maps, they applid .(ohroad J,oJraI)hiic ,livi.;ion:s within acountiy--not to the broad rqjon; of the worl(, 

may be printed with or without the names. which r;'otnria e rroup:; (if count: io.:;. 
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Figure 9a. NATIONAL AMP SHOWING 
1st ORDER DTVISrONS 

(Pr'ovinces of Pop,tan) 
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divisions) and barrios (3rd order divisions).
 

These 	maps should accompany tie census rebtorts 

Caritan n ftaLstical tables related to the 

various divisions. If the Ist and 2nd order 

divisions are large in area and many small areas 

need to be identified, it may be necessary to 

present the map in sections with each section 

on one page.
 

2.13 Urbanl or metropolitanl maps.--Where 
cities or metropolitan areas are divided into 


small areas (subareas) for statistical purposes, 
these small areas must be identified and bound-

aries 	shown for the user of the statistics. 


These small areas are generally specially de-

fined Statistical areas such 'ISCommunity areas, 

neighborhoods, sectors, or Census tracts. Tile 

subareas also could be administrative divisions 

or planning areas. All should have names or 

numbers to identify them. These maps must be 

of large enough scale so that most of tile bound-

s
Figure 9b. MAP OF 1 t ORDER DIVISION 
SHOWING 2nd AND 3rd ORDER DIVISTONS 

(Districts and barrios in a province
of a mythical country) 
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may be named on the map. Figure 9d illustrates 

Census tracts of a city. 

Inisome countries even greater geographic
 

detail is published for cities and urban areas,
 

such as housing and population statistics for 

individual city blocks. These blocks are tile 

smallest areas which are bounded by streets,
 

roads, and other physical features. The iden

tification maps for blocks must be very large 

in scale so that all streets, roads, and natural
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Piqu)'c 9d. CITY I-AP SOWING CENSUS TRACTS AN!D BLOCYS' 
(Cen: vvt- vid Ib o ±kano 
 for part or"Niagara PaZl city, New York) 

T 4 I.C, 

features and their names can he shown , as in 

figure 9d. Since the maps are so large inAf 


scale, they must 
 always be divided into sec
tionsarea 


2.14 Othertypes.--Other types of 
census 


area identification maps 
include the individual 


EA maps and the base maps on which EA's were 


delineated. 
 Such maps are rarely published, 


because they are large and too 
 volumminous; 


nevertheless, 
 they are census area ident fica-

tion maps and are frequently used by those who 

work< with tabulated hut unp~ublIished stati1st ical 

data. For such users these maps are copied by 

non-p rinting2 techniques. These maps are also 
important because they are the source maps fret 
which alL thIe published census a rea identi~fi-
cation maps are made, 

"Non-printing techniques arc described ina 
chapter 11. 

2
 

2.2 P~aznn tlz w~ca cdciIztc ccat.ioii maps 

e it h s b n d t rm n d hch c n u 

identification maps to bere published, 

attention must be focused on the design of each
 
particular series. 
 .Map design is a pro_'ess
 

which begins with 
the initial plinning of a map
 

and continues through the preparatory steps 

until the map is ready for publi cat ion. Even
 
in publication, the arrangement or placing 
of
 

maps is a design problem that a ffects the use
fulness 
of the map or maps. ThIe requirements
 

vary depending on 
 the type of a rea ident if ica

t ion map needed. 

-. 21 ..............
r.feen..........
 

prepa ring census a rea Iden tifiat ion maps , it 

is necessary to select reference maps tha t show 
the boundaries of the subdivxis ions. Such maps 

should meet certain reqjui remen ts of map p roj cet
t ion and map accuracy. 
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I SFor a national map showing and 2nd 

order divisions, the projection of the map is 

important. It should be a map project ion that 

posesses the characteristics of equivalence and 

con forma litv. E' valence requires an equal 

area projection, W'whrCechl area of the same 

si::e on lic map repres .st a e-:, i'.'.alert area 

on the means11rfa1.;.o.for:o. Iit,, 17rt.'0 that 

the shape of ar ,r!1, !ut no thI sI e) is 

closely p,.etrvod.m te :'i . Equivalence and 

cent,err~a itv .arc es, ia ilv important if the 

arvs idullt :t;I',;,n i,4: I ILor LO DO 1used as 

a ba so : V ti: tc i Ioe of the more 


widely useL~d pr 0, tho4e
trc;l iect~os re 


Lnvent'- !s:.- Ailher ;, L ert. " .o 


The o, strue't :n 01 national maps on these 

prc ectin - -;' 7,,, disous d here, because na-

tiona'.i I; :norm::all cons;tructed Lon anare 
equal I r,a , ,,!In h 1 1.' ilIablercT- t 11d1 .1 av 


in courr e fe0rn~ f'rot: te nat ional mappn ing
 

agency, f , , a . mp,.t.nt cartog;rapher ma:.. 

be emp loy,:,!to cc aps. lw'e'.Ver , 

it may Pu !, ;' the u c of e.lual area pro-
,jections; .t e l ! :,fr : rt for countries 

that are laI- i r area areua ts; trlch more in

p rta t than, 'o 1 countrie . Fr map of 

smalI count r i, th errors in area and shape 

are not .;i ni'ficant- .:;r. cased on the national 

topographic series '.ion ule projections that 

are: not r t''eli.;l=ttr o conformal may:, be 

quite sati!acror: or o 1 areas, 

] s t  For a ,rer dtivi: .on identification 

map ting lo order od,innot ratlye or sta-

tstl in Lud1,ba map can be an 

enlargement of the .are a from a national map, or 

from are onl map if valabl . '11e 5;oUre--
of information for the boundaries of the lower 

order subdivisions and their names will be 

found ou the EA mapsand can be added to the 

base map. 

For urban or metropolitan area identifica-

tion maps, the base map as well as the source 

of boundary information and names or numbers 

will almost always be the EA maps. These are 

large-scale maps and were chosen because they 

were the most accurate and up-to-date maps 

available. Map projections used for these maps 

are normally of little importance; the type of 

projection employed is rarely indicated on a 

city map. Tho accuracy and completeness with 

which streets, roads, and other features are 

plotted are of major concern, because poor work 

will be easily observed by users who are famil

iar with local areas. 

2.22 Determining publication map size and 

scale.--Before any map is made, the approximate 

size of the publication page should be deter

mined. The page size of the census publication 

should be known because it is desirable to pre

pare maps to occupy space no larger than page 

size. Larg'er maps must be folded. 

National maps showing 1st order divisions 

or major regions should almost always be con

structed to fit on one page or less and should 
be included with the appropriate publications. 

If possible, each 1st order division map show

ing 2nd order subdivisions should be confined 

to a single page and should accompany the part 
of the census reports related to the 1st order 

division and its subdivisions, it is desirable 

to construct all the lat order division maps 
at the same scale; however, this is not always 
possible if each map is to he confined to a 

single page and if the 1st order divisions vary 

greatly in land area. 

In many cases, 1st order division maps 

showing bth 2nd, 3rd, and smaller order sub

divi.;ions for which data tabulations are pub

lshed will be too large to publish on a single 

page. This Is especially true if the necessary 
boundary and name detail are to be clearly shown. 

Such maps may be drawn at larger scales anti then 

divided into sections that will fJ.t single pages 

for publication. 

Urban and metropolitan areas may be indi

cated on national. maps when the national summary 

http:mp,.t.nt
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Figure 9e. METROPOLITAN AREAS OF A COUNTRY 
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Whows data for these areas. It is necessary to or preferably inserted in a pocket inside 

back cover. Unfortunately, a loosesvibol i:-at jtheshot; their 	 location bv nLtion or by en- map is easily lost.
 
eral outline:; with shading (as in fic,,urc 9e). 
Nar - altso should bessiw on the map. On the (4) If the map is for a very lirge metropoli

tan area or Ist order division, It can be 
Ist order division maps , those areas may be drawn on multiple sheets, using major sub

division boundaries to divide it into 
gre a t e r det a ,sec tion s . These shee ts can be fold ed and 

In ro,,rts vhich .;ivye detailed statist ics inserted in a pocket in the back cover. 

bv a 1- ri.:- within Loiv urban or metropolitan (5) 	 Still another possibility is to draw the 
map in sections or quadrangles, fold the 

.rl'a:sa, cparA c s; eachn are a are needed to sheets, and insert them in a pocket. 

We 1,:ir.-; o: the s:na] areas; and their 

Sru rs Slch maps Will One further consideration is how to place 

va ry Urat ~i :in ca !e , ,';d on the total	 the map on the page or sheet; this applies to 

nuer of the small all kinds of area identification aps. Ordinar
land iroi and 

utii " :;,ivah.. r s is ions ily publication map.; are placed with north at 
1)Ion'dl''i . vte -i v s on 

( S U 'n l .!L; ,, c,J ... Or ' C h oCC , tc "Itire t o b e	 the top of the page or sheet. This is suitable 

rea rus can if the area to be shown is longer in 	 a north
urbann. aor mmronolia* 	 t 

direction than in an east-west direction. 
v-,u ckonfinted to a phyl pqncnaca If uch1 tier 	 south 

If it is the reverse, then the map should be 
areas '.s4cu, 1 : : S tra" t or :4 ok ) ar1 as1 to 

nor a 1 v i uch placed on its side (broadside) on a page. I f 
, thin tue i: s 'ci I 

a area a diagonal orientation, it should
ja.'cle; reprot'scc on the has 

to the more eff I
d,!taiI,,di l 	 t order di\i- be rotated use page or sheet 

u larcoL r ciently and permit the area to be drawn at a
Mn:PS, t .ee 7aps~a 

dI ved into or pub alie larger scale. in such a case, a compass arrow 
oa .:5 

t L u . !h 1 sLeou d . :',,nla er than is pointing to the north should be shown unless 

: -u r e d t , h i l l t hiu ,c-tIi t<,a r l v. A t t h e the map has latitude and longitude marking .: - *r-, Irt 

ae time, 	 it is desirable that a limited num

5er of scals io< used for a"l tuips in a series. 

2.23 Desior. and olacino the ap.--If 

the area to be included In a map is large and 	 " T' 

the details are numerous and complex, there are 

several design possibil it ies: 	 -. , 

(1) 	 Draw the map at a large enough scale to ........ " 
show the boundaries and ident if icat ion of P'A"" 

most of the subdivisions and prepare Inset : .F> 
maps for the riore complex parts. Figure ,P WA 

9f illustrites an inset for an urban area. t.AT&MATA rAAI 

:'. OTOPC4A NGA 

P
H
H 

or douhl page prepa r e it ;i; ;t fold- in 
(2) 	 If the sa i tCo large to fit on a single 

Co"Nma, which is bo ud into the report. TIits 	 c 
ma ' "not b e s a t i s f a c t o r ' i f s e v e r a l f o l d s 4. , L-O,o , .,, , 

are required and the map ma:i; he torn 
ean;ily. Also thi- increases both the 
difficulties and costs of publeatin. 

,;ou 'oe: "A f;umwey of New Zealand Popuiatioy,
(3) 	 If the map Is much larger than pag( slze, An Analynin of Peat Tend, and an l';tirnate of 

it can ie prepared a a folded map and Future Growth," 1960. Courn'tey of MAinitrpy of 
slipped into the report as a loose map, V'orkn, flow Zealand. 



170 MAPPING FOR CENSUSES AND SURVEYS
 

Figure 9g. INSET MAPS OF NONCONTIGUOUS AREAS OF A COUNTRY 

(Map of the United States) 

SOAS 

A04FI10 
MII 

WYO., 
 MICHMLE
 

MILES40 0 200MILES US. DEPARTMENT OF COMMERCE BUREAU OF THE CENSUS 

2.24 Planninginset mnaps.--An inset map 
 be prepared at 
a larger scale and divided
 
is a portion of the main 
mp for which separate 
 into sections 
so that a sbarea will fit
 
presentation Th Useful in the on a page or sheet. Even
following cases: so, inset tmapS
may still be needed for parts of the area.
 

() Whc'e 
a part of a nation or an administra- (4) 
Where there are great differences in the
rive area is not joined o the main area 
 land area size of sub.,reas being identiof t'e country. It may be necessary to 
 fied within an inset map and further ensho the part on an inset map, so that it largement of the scale of the insetcan be placed on the same 1,2ge 
map 

or sheet, does not appear feasible. In this case,Figi~re 9g is an example of an island or 
 it may be necessary to provide an inset
grotp~of islands located so far off the of a portion of the inset map; however,coas, of a nation that it cannot be s iowoi this should be avoided when possible.
in it., tru position without eriously 
redue-:ng the scale of the principal area. 

(2) Where 2.25 Planningseparatemaps.--Some sopnation or an administrative area arate maps that are not parts of the bound pub
comprises a group of widely separatedislands. Inset maps for the larger in lications are needed for most countries. S-ohdividual islands are necessary so as to maps, covering a nation, ,'re printed on single
show clearly the details of the subarea. 

sheets (up to 90 cm by 120(3) cm or 3 feet by 4Where a 1st order division or lower order feet for large countries) and at larger scales 
subdivision contains subareas so smallthat they cannot be clearly identified on than the maps ound in the publications.. Theya map. Inset maps may be prepared for 
selected parts. If 

are used by the NSO in preparing statisticalthe major part or all
 
of the area is densely settled and most 
 maps or by data users for plotting and analyzof the subareas are small, the map must ing the geographic patterns and distributions 
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for various data items. Such a mal) should show 2.3 P.ta.ibiq aitet iWeiit ctto;? map.s 

1-'tanud order divisions anwl In some case-,; The preparation of maps wJl be easier if 

i ion.,; at lower level. In many istances full attention has been given to the planning 

it he thze samo it~onal map prijnted wsith aspects, and if the elements of good design are 

oth:at.II i tcal reor t:, but at a sca le Ia r;e observed and applied throughout the map pLrepa

,n," i Lo. print tho nwes of all siubdivisions, rao:ion process. 

!ii ncr:,. ' , ext1[' ~np 1 - .t1ld h,v 1) iet'aps. 


s n
opt c parts or islands. 2.31 Pr___,-.irn a maps. -- The first step 

is to examine the source map for the boundary 
ddi to-,l.'. ,rcount rte with very 1arge information. Determine whether the boundaries 

Or Vcr'V IClated areaS, I t ordier di- have been changed based on information ascer

m~aps - mian'. loer level areas tamWed for the census and that these changes 
oiu;bo ; a,aii;,l on separate sheets for data are accurately portrayed. 
The base maps on
 
usur4, 
 which the ALA'swere delineated for the census 

The piman;ni .f these :naps is not too dif- enumeration (see chapter 6) may be useful. 
fL1r'1 t iro:':!: planning of Ln', for publication Next, Imp scale must be considered--the 

i: r.p rt<;:,:er,:lv t ,e" illI J larger in s ae o 
irrh.scale of the source map, the scale of the 

confi uration of coastline and drafted map, and the scale of the published 
i,,u,Dri ; in ,,renter d:etail, use clearly dis map. The scale of the source irn may le larger 

ti:', -,I 'mbclizaLion of lines for the 
than the scale at which it is desired to draw 

and use (iffernt sines the aroa identification map. If so, it must 

& tturg fr a es at diffrent are levls. be reduced either by photography or by using a 

2.26 'aikin a arelininar: desi n. -- Be fore pantograph (described in chapter 10). 

inder'aking the actual preparation of any area The scale of the drafted map ordinarily 

identification map, a prelim.inary drawing should should he larger (never smaller) than the scale 

he ':adetl see 0' tie final nap would look. of the fina_ published map. A map of larger 

!L may be a rougl. outline of the area to be scale is easier to draft anti reduction obscures 

,p d, with thbboundaries of a few subareas, minor imperfections. 'he-, is no precise rule 

1 e location and appro.imate si::e of the iden- as -o how much larger the drafted map should 

in na:se: or nun)ers smould bt. in dicated, be, but Lhey often are drafted at twice or 1 
"he ne-d f:,r in:t aps siumld be conidued times the carle of the publisIed map. Also, 

and Lh.ir scale, ,ize, and placement should he the linewcrk may be drafted at a larger scale 

indicated. Al-so, attention should be given to and then reduced photographically before letter

the tile and lcend of thle map and the manner ing is ipplled. If a seri-,s of comparable maps 

lwhic.h they',.:old be placed in order to create is being drafted, It is desirable to draft all 

a well bal anced and attractive map. of them the same scale so that the width of the 

in the case of a series-; of maps it is ad- line work will not be noticeably different on 

isabhl to try. OUt the design plan by preparing the published m,.ps. Moreover a common scale 

one map or one section in final form. This makes it easier for the users to compare one 

will scrve to brin early attenticn to problems irap with another in a series. 

that will be faced 'Ind the best solutions for 2.32 Drafting or scribing area boundary 

--ch leving a :eries of well designed maps. lilnes.--Boundary lines can be indicated on the 
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map in ore of two ways: (a) by tracing the 

source map on a light table, draw the boundary 


lines with drafting pen and ink on tracing 


paper, cloth, or drafting film; or (b) with a 


scriber, trace the lines on a specially prepared 


scribecoat base. Scribing generally produces a 


much higher qudlity product than drafting. (See 

chapter 10 for detailed drafting and scribing 

instructions.) Before drafting or scribing the 


following must be considered: 

(1) 	Width of lines. A decision must be made 

as to the width of the line (lineweight) 

for coastlines and for each type of bound-

ary. Generally, the boundaries on area 

identification and statistical maps are
solid lines distinguished from one another
by successively narrower line widths from 


the most important--the internal-ional 

boundaries--to Ist order division bound-

aries, 2nd order division boundaries, and 

lower-level division boundaries. 


Normally not more than three or four line-

Normllynotmoretha
thee o for lne-the 


weights can be distinguished by the eye 

unless excessively heavy lines are used 

for the major boundaries. Accordingly,
 
if more need to be shown, it is necessary 

to adopt some symbolization other than 

lineweight. This situation may c.ll for 

the use of dashes or dots (refer to 
ex-

hibit 3-1). Even if a broken line symbol 


is adopted, variation in line width should
 
be maintained to emphasize the more impor
tant type boundaries. Shorelines should
 
be indicated always with solid lines of
 

intermediate or narrower width, because
they are in many cases so intricate that
 
heavy lines would obscure their irregular
 

windings.
 

(2) 	Generalization. Another consideration
 

involves generalization or smoothing of
 
shorelines and boundary lines. 
 On a large
scale map, such as a topographic quadrangl 

shorelines and boundary lines are shown in 
great detail with all the minor turns, 
twistings, and jogs. On smaller-scale 
maps these lines must be generalized; the 
smaller the scale, the greater the smooth
ing required (see figure 9h). On a na
tional map the generalization would be 
greatest; on a city or metropolitan map itwould be least. This generalization will
 

be done by the draftsman when he is draw
ing the lines of the area identification
 
map. It requires practice and the devel
opment of skill ir-following the general
 
trend of the lines, not omitting important

turns or identifications while showing all
detail that can be presented, consider

the cal th e paned cnp.
 
Ing the scale of the planned map.
 

(3) 	Use of color. Different colors can be
 
used to-pre3ent in a distinctive manner
 
the different types of boundaries on area
 
identification maps; color is sometimes
 
used on various types of statistical maps,
 

Figitre 9h. GENERALIZATION 

A 	 B'~' C 

Note: A and C are east generaliaed; B tho most. All c,'e geatbZ aiyqplified from 'ea"ltdi. 
Source: A. 3I. Robinson and R. D. -aZe, "Elements of ('artog2raph!/, " 32d ed. (New York,

John Wiley ','Sons, Inc., 1969). Reprinted with per'ission. 
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but ordinarily this is not done. It would 
cost more to prillt ,;uch maps, but a more 
imnortant on.je,-cion Is .hat area identoif i
cat.,a map, r r'eqUnnt I sorve as base maps
for stypor i,:;posinnt shading toreretdata val1)L' stain t nsilto repreeon t 

datvalle; stat[L ical maips) alld colors 
would lpresOnt ,lhandicap for such ube, 
Furt he rcoro, ,;old c:art o nraphi pr.c 

can usuailvovthe t probei or. this 
wthoit u-e olor
th, of 


There is one recoMMII'ende us of co 1or on 

areatiop1)0nUL- apS. Or Satisti-

cal dot ma-, it I; esential that the 
boundaries o -4l ire visibleof sblivi'sRtn'<
sout h i atIc w 11-Ca' ii el 	 roper2, 
so that ,/ot: call b,,c ]ocat,,d p o e l . 

Crder to o th' ,.,1rt ,r o.r1trafts-

Ld prited 
photo 'r ic 'ItcI- copies of the area 
and t ' ae 1)V in nonl

ident i it ip 	 ae'ee
'..,and lines 
,..'i i i tlpper,', h p I photographedi 

for ).hlcz-io:, 

.3 " . .mans.-- The use of 

inset map-,%:,s ,e earlier. Their prepa-

ration 	 is ; '; to ma map. The same 
[ie,,'ig i:;a should be employedto.- ;'mb in 


as on tile - j''l -'p so that a common legend can 

be used. 

The pla(:~n~t of ll i'set map is a special 

design pri '. .l.re a sinle inset orporpin 

few small inset maps; ar. required, they may be 

laced at th.-"irgins of the map paize or sheet. 

;.:hero th0 inset,, mops are large or numerous, they 

mav need L,, Irrjn'Uk! .na separate page or 
sheet. if thvrt are man-., insets, they should 

be arran.;,ed il: sone l.o,!,cal order, e itler alpha-
Ibet ical naz. or geo gm .h ical lv accodn" :v n rh l cording 

to their r'_.at ,e lacat i)ns on the main map. 

Differences: in the size- and shape of inset areas 

Myv M10ke it difficult to follow a completely 

logical plan. 

-:hen an inset map is used, the area covered 

by tle inset map should be indicated on the 

main map if possible. This may be done in 

different ways. The area on the main map may 

be left blank with only the outline or the 

shape of the inset map sh:vwing; the area may be 

shaded with a parallel line or dot pattern or 

the major boundaries may be shown (as in figure 

9c) For most large maps a reference to the 

inset map is needed, such as "See inset map." 

If there is more than one index map, each must 

he identified by name or by letter; for exampte, 
"See inset map A' "
 

2.34 Lettering.--A name is placed within
 

each area shown on the map in order to identify 

the area. For some smaller areas, numbers may 

be used for identification, such as division 1, 

etc. Accordingly, the scale of the map must 

be large enough to accommodate these names and 
numbers. Different sizes or styles of letLering 

are used for different orders of areas, with 

greater prominence given to the large and more 

iimportant areas. For very small areas, it may 

not be possible to position the name within the 
area, so instead it may be placed close to it 

on the outside. In some cases where the area 

boundaries are very complex, an arrow may need 

to 1',e drawn from the name to the area. 

'renames may be lettered by pen and ink 

using a lettering guide, but there is a limit 
to the smallest size letters that can be drawn 

this manner. It is preferable t( have the 

names or numbers printed on thin clear pl-.stic 
film with adhesive backing. To place this name 

in proper position on the map, cut around it 

and press it down so that the name adheres 

firmly to the map. It is also preferable to 
place the names or numbers on a separate sheet 

of drafting film which is In exact registration 

with the copy containing the area lines, so 

that the map may be printed without names for 

certain purposes. (See chapter 10 for further 

details.) 

2.35 Preparing title: Pnd legends.--Area 

identification maps are titled by the name of 

the administrative or statistical area repre

sented by the map. Simple block-style lettering 

is preferred. Ordinarily, the title will be 

placed at the top of the map. If the map has a 

marginal frame, the title may be placed inside 
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or outside the frame. If the map is to be a 
page in the report, the title will usually be 
placed outside the frame with the figure number,
In that case, the title $ill norma:ly be set 
in type by the printer who will use the same 
size 	and type style for all figures in the 

report. Inset maps are titled in a similar 
way; but the title may be less 	precise, such 
as "city name and adjacent area." 

Legends are required to interpret line 
symbolization, as in figure 9c. 
 Legends should 

also include: 


(1) 	All the sizes or styles of type used for

the names of different order areas. 


(2) 
All shadings that identify different areas. 


(3) 	 Any symbols that represent cities, villages, or hamlets, where map scale or lackof information prevents showing actual 
boundaries. 


Placement of legends depends on the avail-
ability of space outside the mapped area. 
several spaces are available, the choice is 

If
 

made on 
the basis of what is called map balance, 

For example, if an 
inset map is on one 
side, 

the legend probably should be placed on another 

side 	provided there is :pact. Good ovetall 

balance is achieved by proper 
placement of tile 
inset maps, title, legend, and marginalia to 

achieve a 
 pleasing appearance, 

2.36 L'.prqjg_ idees. -- ,',ap indexes are 
needed for some area identification maps. They 
may be of two 
types: (a) quadrangle map in
dexes and (b) administrative area 	map indexes. 

When 	 the detailed map sheets are drawn as 
matching quadrangles (see figure 9i), a quad
rangle index is needed. The quadrangle indexmap normally contains the 
manofrhelare onainsmpe 
of the area en mapped,
and major boundaries. On 
lines, the frames of each 

the publication before the detailed sheets or 
pages. It is also 	convenient to place the 
title, legend, scale, and other notes or. this 
sheet or page. In some cases, the map index 
is reproduced at smaller scale on each sheet 
or page; the area that the sheetis covered on 

is indicated by shading. 
 The purpose of the 
index is to inform the reader how the sheets 
fit together. This index also enables him to 
identify quickly the detailed map which anon 
area 	or 
point is located. 

The administrative area map index has a 

similar purpose; but here the detailed map
sheets are drawn for separate administrative
 

areas (or groups of administrative areas)
 
rather than for quadrangles. 
The index map 
is reproduced on each detailed map sheet

the area coveredwith by that sheet bei'ig 

shaded (as in figure 9i).a	 " Only major bound-

Another type of index is the name-finder
 
index. 
This is simply an alphabetical list of 
areas with an indication of where an area may 
be found 
in terms of page number and location
 
on the page. To permil locating the 
the map, it is necessary to :onstruct 
numeric code in the frame of the map 
illustrated in figure 9i. This type 

names on 

an alpha

page, as 

if index 
is extremely helpful to users of 

dozens or even hundreds of areas 
on a single map or set of maps. 

tile maps where 

are identified 
It is espe

marginalia referssimplified outlinewhhusalaperlogheagisfa	 all elements 

showi shorline 

showing shorelinesetc. 
the simplitied out
separate quadrangle 

map are superimposed and identified by letter 
or by number. The map index is usually placed 
on a separate sheet or page and inserted in 

cially needed for complex ist order division 
maps. 

2.37 Preparingmarginalia..--As used 	 in 

whic nual., 

map. These include scale, grid, border, source, 

(1) 	 Scale. A graphic scale is very importantand s3hould appear on every map so distancescan be measured, usually in terms of kilo
meters or miles. In addition to the scale
for the main map, every inset maphave 	 its own scale. shouldScales can also he 
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d,. AP IrNDEXES 

QUADRANGLE INDEX ADMINISTRATIVE AREA INDEX
 

-.. ,')odataryenr do7 a Ilan., Ce..o 

NAME-FINDER INDEX 

_____II LOCALI-
ZACION 

, ""1. Ciudad de MHxico 2-B 

" 2. Azcapotzalco 2-B 

S3. Coyoac~n 3-B 

,. 4 Cuajimalpa 3-A 

-. 5. Gustavo A. Madero 2-C 

-. " 6. Ixtacalco 2-C 

) , 7. Ixtapalapa 3-C 

8. Magdalena Contreras, La 3-B 

9. Milpa Alta 4-C 

110. Obreg6n 3-B 

. 11. Tlhuac 3-D 

'aol, o I i 0 
1 12. Tlalpan 4-B 

13. Xochtmilco 4-C 

........ . . . 90_'- . C 
,:'r Cn.; q ;ea de olcn 7970, " 7972. Courteaq ao'Di?'eccion GeneraZ de:"7' 


...., . ''
., ,;.Xu :O
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expressed in terms of a representative 

fraction (1:1,000,000 for example) or as 

kilometers per centimeter; such scales are 

not ordinarily placed on area identifica
tion maps because they will be in error 

if the map is reduced or enlarged or be-

cause the map reader may not understand 

them. 


(2) 	Grid. A latitude and longitude grid is
 
usually placed on large-scale national or 

provincial maps but rarely on smaller
 
scale, city, or metropolitan area maps;

the additional lines introduce too much 

clutter, thus detracting from the emphasis 

on area identification boundaries. When 
a grid is used, except on very larg. 6caie 
maps, ticks (short lines) for the latitude 
and longitude are shown in the frame of
 
the map without extending the parallels 
and meridians across the map. In the 
absence of latitude and longitude lines,

it is generally necessary to have a north 
arrow suggesting to the reader how he 
should orient the map. 

(3) 	 Projection. For those few large maps that 
show latitude and longitude lines, it is 
desirable to indicate the type of map
projection. 
 The name of the projection

is usually placed near the graphic scale. 


(4) 	Border. A frame or rectangular line 

border is desirable for almost all maps. 

All page-size maps should have frames;
 
also 	all continuous sheet quadrangles 
should have borders. The frame is nor
mally a single line for page-size maps 
and a double line (with the outer line 
heavier) for sheet-size maps or maps with 
latitude-longitude grids. Exceptions are 
area identification maps for 2nd order 
divisions, cities, or metropolitan areas 
where there may be many inset maps, so 
that fitting them together within frames 
would be difficult and may not improve 
their usefulness or appearance. 

(5) 	 Agency name. Tile name of the NSO should 
appear on each map so that the map maker 
is always identified even when coies of 
the map may become separated from the 
published report. This name may be placed 
inside or outside the frame but normally 
is placed inside for page-size maps. 

(6) 	 Source. A source note nmy appear on the 
map indicating that the statistical areas 
were defined by the NSO or by another 
agency. Generally, tie source is given
only for special statistical areas that 
were defined outside the NSO. 

(7) 	 Date. A date should always appear on 
these maps. Often it is included in the 

title or in the name of the census; for
 
example, 1980 Censuses of Population and
 
Housing.
 

(8) 	Name of report. Finally, any separate map
 
should always bear the name of the report
 
with which it was issued or, if issued
 
separately, it should be identified in a
 
numbered series.
 

2 	 P~etpki g th en ap5 6oA pkinting 

Area identification maps may be published
 
in two forms as was earlier indicated. First,
 

they 	 may be published as separate base maps for 
users who wish to plot statistical data on the
 

maps and also for use of the NSO in preparing
statistical maps. These maps vary in size but 

maps 	may include:
 

(1) 	 A national map with Ist order division
 
boundaries
 

(2) 	 A larger national map with 1st and 2nd 

(3) 	1st order division maps with 2nd order
 
division boundaries
 

(4) 	Larger 1st order division maps with 2nd
 
and lower order division boundaries
 

(5) 	 Other maps, such as metropolitan area maps 

The amount of photographic reduction of each 

map must be marked on the drawings so that the
 
printer will make no mistake in preparing the
 

printing plates.
 
Second, these maps serve to identify The
 

geographic areas for which statistics ar_ pre
sented in the census reports; therefore, they 

should be published as a part of these reports, 
preferably bound into the report so that they 
will not be separated from them. Since some 

of the maps may be too large to be reduced and 
still remain readable at page size, it is nec

essary to divide them into sections along 

administrative boundaries; even then, it is 
necessary in some cases to reduce them photo

graphically to fit on individual pages. It is 
more efficient to prepare the individual pages 

photographically than to redraft the map in 
page sections. The photographs may be mounted 
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on stiff cardboard and page-size frames nay he which may send them to tile statistical. tables
 

prepared for each section, which may include a for further detail.
 

name-finder index, title, and Other necessary Most statistical. maps prepared for census

marginasiclmas reard ora.su 

ma rgina IIa. reports are for the country as a whole, using 

data for Ist and 2nd order divisions, and 3rd.57 ; 

order divisions in some cases. Statistical 
While ye rifiat ion of the a ccuracy of each 

map ; for Ist order divisions or urban areas 

step inl le irepa rat ion Of the rIaps is nee0ded, mayv be provided, but the cosLs of this more 

a final v,.:r, fic ti. of :lap shoild bV,mlc 
ditaild cartographic informat ion may be pro

cond.ootr t Ko rhibit iye. Hence, the following discussion will 

p repa r.- znd re- large-ely be in terms of national statistical 

V2 o .1a .' '1. of th1ee. VC''', aps, aIthough the suggested guidelines have
 
ap0111r e -,_ . t.: 1hV i ,; equal application for maps of subareas.
 

spell 0 !n 111 a. :,' 11 ma1ps,17!1- r I k - inset 

legend. l., t .ir:,na ia . This re- 3. 1 Toc o6 stattricaf' maps 
vi,'ld , ~oa!:,:b ,c~c~i-.'l ' concerned w¢ith 

Generally most statistical maps contain 

the ua itI. V,',' th lie 0 wo-rk anL the sizeC Of 
the ualt. tl and 1 ther phoof point symbols or area shading. lHowever a few 

the lett " n anv furt her photo- other types of statistical maps have also been 

graphic redc',n~ r,-a u ,>rprntinag, developed and are used occasionaliv. 

. 3.11 Point symbol. maps.--Point symbol 

JTTSTICAL .IAPS 
maps are statistical maps on which dots or 

Statistical maps shnw the geographic dis- circles, each representing a certain value, 

tribution Cf stati-tical data. It is possible are distributed to show as closely as possible 

to make a statisLtical -.-ap for any. country or the actual location of the numerical data they 
part thereof for which statist ical data are represent. Usually these are called dot or 

available for uhmreas. For census reporting circle maps (see figure 9j). The use of dots 

it ise neitar practl.- l nor desirable to make and circles may be combined on tle same map. 
,.-ipc; if :311 ..eographic st.iti.-tics. Rather, 

In some cases different size dots may be used 

the purpose is to preuent the statistical high- for different values. Circles are always grad

lights or the :nore silgnificant results in terms uated to represent smaller and larger values. 

of their eoraphi - distribution. There is inl-
Other graduated symbols may be used such as 

terest in the cubrrent pattern of the di.stribu- squares or vertical bars. Sometimes three
lion and alsoo in (hances in the patrsthat 

patterns dimensional symbols, including globes or cubes, 

have occurred over time, particularly since are used; but they are somewhat more difficult 

the lat ,ensus. to construct and generally have proved less 

Stati1st ical naps provide an immediate effective because the values represented are 

recognition of the geographic distribution of subject to misinterpretation. 

data which may not be apparent from statisti- Point symbol maps are particularly val.u

cal. tables and certainiv not in terms of the able for showing location of numerical values. 

intricate patterns revealed by the maps. If The actual. values may be obtained from the map 

statistical maps are well designed and attrac- by counting the dots except in areas where 

tive, they will interest L, users of census there are such high values that the dots have 

reports and cause them to raise questions become consolidated; likewise, the actual value 
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Figure 9j. POT.T SYMBOL MAPS 
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of graduated circles may be obtained by relating
 

their diameters to the legend. However, this
 
is not the way these maps are ordinarily used;
 
their major purpose is to give a decailed pic
ture of the distribution of the phenomenon being
 

mapped so 
that the users will quickly understand
 

the locations of the concentrations and the
 

dispersions as well as 
their general magnitude.
 
If exact figures are required, the statistical
 

tables should be consulted.
 

Dot maps are never used to show ratios or
 
percentages. Graduated symbol maps are occa

sionally used for ratios or percentages but
 

only when it is a secondary element of their
 

presentation. In such cases, the size of the
 

circles always represerts a numerical value,
 

while related ratios or percentages may be in
as a shading or color on 
the symbols.
 

Graduated circles may be divided into sectors
 

(as in pie charts) with each sector represent
ing an element in the total numerical value.
 

This makes it possible to present more detailed
 
information on 
the map, but this technique can
 
detract from the overall effectiveness of the
 

map by making it difficult for the user to read.
 
This is especially :rue if more 
than three sec

tors are 
used, if many of the circles overlap
 
each other, or if many circles are very small.
 

Choropleth or shaded maps.--Choro

pleth maps are statistical maps where adminis

trative or statistical areas are shaded in black 

white or in color to present several classes 
of statistical data. The statistical data are 

almost always 	 ratios or percentages--population 
density, percent of total, ratio of one charac

teristic to another, per capita, percent change, 

and others (see figure 9k). Very rarely should 

absolute totals be represented on a choropleth 
map, and then only when the geographic sizes 
of the areas for which data are available are 
roughly equivalent. Otherwise, very large 
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areas which fall into the same class as very 


small areas lead to serious misrepresentations 


of the total distribution. 
When data are in
 
the form of densities, ratios, or percentages 

for areas, the distortions caused by great
 

variations in area 
size are far less critical.
 

The statistical data shown on these maps 

represent value ranges by class intervals from 


high to low. The number of classes and the 

upper and lower limits for each class present 
major problems in the planning and development 


of these maps in terms of presenting the data 
realistically. (Class intervals are discussed 

in section 3.26). 

3.13 Isopleth mas..--An isopieth map i 

a type of isoline map. Isoline maps present 

distributions of statistical data by a series 

of lines each connecting points at which a 

given variable has a specific value. Among the 

most common are topographic contour maps with 
lines connecting points of equal elevation and 

climatic or weather maps showing data such as 

precipitation or air pressure. At all points 

where data are not available, they are inter-


polated from nearby known points. Statistical 

data in terms of ratlos and percentages can be 
mapped in a similar way by assumifig the values 
to be at the centers of the areas and drawing 

lines of equal value between them (figure 9). 

Although there is not universal agreement on 

the term, this type of map is usuallv referred 
to as an isopleth map. 

Isopleth maps are not used very much in 

census statistical mapping 
 for several reasons, 

They are difficult to construct in a consistent 

manner and many users would have difficulty in 

understanding them because the resulting pat-

terns may be highly intricate. Also, many 

users want to know the value for individual 

areas which can be determined rather adequately 

from a choropleth map when individual areas 

with many boundaries are shown. They are less 
inclined to be satisfied with an isopleth map, 

because smaller administrative area boundaries
 

cannot be clearly shoni under the isopleth.
 

3.14 Flow maps.--Flow maps show movements 
of people, commodities, and other measured items
 

by graduated lines with arrows showing the di
rection of movement between areas. The widths 

of the lines are scaled to indicate the amount 

of flow in terms of persons or commodities or
 

some other definite measure (as shown in figure 

9m) . Very few flow maps are madc for census 
reports, inasmuch as relatively little census
 

data are collected on movements. Flow maps are 
applicable to mapping migration and commuting
 

information; more and more 
 data of this ki,:c. 

are now being collected. Such maps are very 

difficult to construct in a clear mannei for 

any area which has more than a few subareas; 

they are not manageable when the number of 

possible flows is in the scores or hundreds. 

3.15 Other tpes.--Some maps may use line 
or bar graphs in each subarea to represent sta

tistical trends or other conditions which can 

be represented by such symbolic means. There 
are point symbol maps, or pictomaps, which use 
pictures or symbols to represent men, buildings, 

animals, etc. , to show diStributions. Rarely 

do these symbols represent quantitative data; 
rather they show in a general manner a very 

simplified view of distribution. Pictomaps 

are seldom used in census publications. 

3.2 Ptanbiinq stat 5ticaC iez. 

Considerable planning is involved to 

achieve a well balanced statistical mapping 

presentation for a census. Decisions; need to 

be made on a number of matters before actual 

preparation is undertaken. Early in the plan

ning, the geography staff of the NSO must work 

closely with the subject matter staffs, partic

ularly in the selection of subjects, symbol 

values, and class intervals. 

3.21 Selecting subject matter.--ln the 
initial planning of the statistical maps, there 
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must be consideration of the various subjects (3) Agriculture. In an agricultural census, 

covered in the census. Several -data are collected on number and sizethat were 
(land area of holdings) and such subjects 

tions should be asked. What are the more ir- as amount of land in crops by type of crop, 

crop production, livestock and poultry, 
portant elements under each subject in ternis of irrigation, income and sales, etc.
 

what the general user will want to know about
 
tile results Of L110 CIsus:'.'hat data ca111be (4) Manufactures. In a census of manufactures,
 

the basic col lect ion unit is the individual
 

adapted to statistical mapping.' They may be establishment. Other important measures 
include number of employees, value added, 

total numbers, ratios, and percent a;es by geo- value of shipments, payrolls, man-hours, 

graphic areas; in some cases, ratios or per- cost of materials, new capital expendi

may need tures, inventories, etc. The reporting
centages not. aIrear ing in rhe tables 

of man, flictures is usually subdivided by 

to be calculaCtd. "or which data are statis- kind of industry. 

rical maps like. to show significant regional (5) Business. A census of business is also 

differences.' 	 conducted for individual establishments, 
subdivided by retail, wholesale, and serv-

Some of thC -ubjocts covered in a census ice industries. Total annual sales are 

the wide variety an important measure; othe,- subjects in
are listed below toindicate 

clude payroll, employment, and further 
of statistical dtail. from w.,hich data may be subdivisions by kind of business. 

prepared. This substantiates the point made 3.22 Determining map tvle .-- At the time 

above, to tue o: :ut t*it the subject matter the subject matter is reviewed for selection 

Staff Mnd tht.'c~rph staff should examine of significant data to be mapped, the choice 

the. census d:-ta to doter:ine which subjects are of map types is easily made on the basis of

to be presented in the form of statistical maps whether numerical totals, ratios, percer'tdses, 

or graphs, 
 or averages are available. Generally, point
 

(1) 	Population. For a population census the symbol and choropleth maps are used. 
single mcst important piece of information 
collected is the total population and its 3.23 Selecting base maps.--The census 
distribution bv subareas. A neew map isa'. Oherarea 	 maps, withoutalwasaftr nede ensu. 	 ident ification usually names,always needed after any census,. Other 

closely related sabects are population can often be used as base maps for preparing 
density, urban and rural population ormetropotanand r ropolaitn or statistical maps. Two types of national ormetropolitan and non-m.etropolitan popula

tion, and changes in these population country base maps are used commonly. The first 
totals sinc- rtem last census. In termstoalspopuatle castacerisicI, termis shows onlv 1st order division boundaries andof popuiati,-on ch'raracteristics, there is 

a much wider variety of subjects that may is used where statistical data are to be dis
be covered. They includ e such character- played by 1st order divisions only. Tie second 
istics as age, sex, tribal group, place p 
of birth, language, fertilitv, educational type is a larger map; it shows ISt order divi
attainment, migration, employment, occupa- sion boundaries in black without names and 
tion, industry, iricore, place of work, etc. 

shows 2nd order division boundaries and names 
(2) 	Htouri ng. For a'~ousin, census, an impo in blue. This second type of map is used where 

tant measure i-;thc number of housing 
units. However, this item would rarely the data for 2nd order divisions are to be 

be mapped (as a dot and circle map), be
cause its nationwide distribution wo-jld displayed. The blue boundaries and names aid 
very closely resemble a total population in drawing the statistical map but disappear 
map. Important subjects which could be when the map is photographed for reproduction. 

mapped include type of structurr, mate
rial. of construction, tenure (r.wner or In both cases the selection of these base maps
 
renter), number of rooms, sanitary facil-

Ities, lighting and heating equipment, permits compilation of a final map at page 

value of home, rental, etc. size, or in s cases less than page size. 
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Statistical maps of 1st order divisions 


and metropolitan or urban areas are not often 


made for census publications because of cost 


and time involved. If they are made, the area 


identification maps may serve as base maps. 


3.24 Choosing color or black and white.--


During the planning stage it is necessary to 


decide whether the statistical maps will be 


prepared for printing in color or in black and 


white. The use of color is preferable for show-


ing greater detail and usually results in a 


more attractive map. However, black and white 


maps can be very effective. The color printing 


cost is higher depending on the number of colors
 

used; the preparation cost may also be a little 


higher. If color maps are used, they should be 


printed together in one section of the report, 


if feasible, or in i separate graphic summary 


report to save on printing costs. Also, all 

maps should use combinations of the same primary 
colors to produce many different colors. 

3.25 Choosing symbol values.--A critical 


decision in the planning of statistical point 


symbol maps is the selection of the values that 


will be assigned to the point symbols (dots, 


circles, etc.). Insufficient attention to this 


problem may sharply reduce the effectiveness 


of the maps. 


For a dot map, if the unit value of a dot 

is too high, there will be very few dots and 


it will not be possible to show much detail in 


the distribution. If the unit value is too low, 

there will be so many dots in areas with high 

values that the dots will overlap and may be-

come a solid mass so that individual dots can-


not be discerned. A balance between the two 


extremes should be achieved so that detail is 


shown, yet relatively few areas will have a 


consolidation of dots (see figure 9j). Achiev-


ing this balance also depends on the scale of 


the map and the size of the dots in the final 

publication. The larger the map scale, the 

more it is possible to show many dots. The
 

smaller the map scale, the fewer dots there
 

should be.
 

ost dot maps use one size of dot to rep

resent a designated number of units. On large
 

maps (larger than page size), several point
 

symbols may be used to represent different size
 

values. For example, a population distribution
 

map might use a small dot to represe-.L 500
 

rural inhabitants, a small square to represent
 

rural places, and a series of graduated symbols
 

to represent urban places of different size
 

categories.
 

For a circle map, thle circles are gradu

ated; generally the size of a circle, in terms
 

of area covered, has the same proportion to
 

the value of the unit being mapped as all other
 

circles. On some circle maps, the circle sizes
 

are not individually computed; rather, a gradu
ated series of circles is used, with each size
 

representing a class interval of values, as
 

under in, 10-t4, 25-4q, etc. Circles and Jots
 

may also be used together on the same map.
 

Squares and upright bars are sometimes used as
 

point symbols but are more difficult to prepare
 

and interpret in small areas. Symbols of three
 

dimensions (spheres, cubes, etc.) have been
 

tried but are generally not satisfactory, be

cause readers are more likely to misinterpret
 

their v'1.ues.
 

3.26 Determining class intervals.--For
 

choropleth maps, class intervals are always 

required. It is important to select them care

fully; otherwise, the message of the maps may 

be lost or distorted. Each map has different
 

problems depending on the statistical data.
 

If the data are spread over a wide range, the
 

class intervals will be large; if the data
 

range is narrow, the class intervals will be
 

small. If the data are unevenly distributed,
 

the class intervals will be irregular. For
 

maps which have been prepared for a previous
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census and arc being repeated, it may be desir-

able to use the same class intervals for corn-

parative purposes. 

There are many ways to select class inter-

vals and no one .best" ,ay. For a particular 
map, some are better and some ar worse. Class 

S800 
intervals can be based on arithmeic progres-

sions, geometric pro;ressions, equal numbers 

in the form of cuartilcs, quintiles, sextiles, 
or on unequil nu:i.:ers. A simple ".,av to hellp 

o " 
in selecting chiss in.teorvals is to prepare a 
frequency distribution of the data to be mapped 

using a larce number of class intervals. This 

may be done for all the data or for a signifi-

cant sample if thhe numbur of areas is large. 

From this distribution, e hi1h and low v 1ues 

and the total ron.ce of nu:Thers ma. be deter-

mined. It mayalso e observed that there are 

some natural breaks in the di.tribution that 

indicate wh!ere int,.vailiJits might be placed. 

Figure 9n illustrates suggested class inter-als 
which are suitab!lu for statistical maps. Note 

that the intervals, as indicated by brackets, 
are natural breaks in an c'.eral] distribution. 

Great care should bc e:ercised in select-

ing class intervals for a map so as to avoid 

distortions of tiheir distribution. It is more 

an art than a science. Some cartographers 

have advocated more sophisticated statisticaL 

measures for determinIng class intervals, bat 

there is no conclusive evidence in most caes 

that any one method is superior. A measurement 


of error has been developed, but it is tedious 

and not a practical solution for most map 

makers. 

Setting limits to class intervals is oe 

problem. Closely related to it is the number 

f class intervals wich should be used in 

For an excellnt analysis of class interva2 
error, refer to George F. .enks and Fred C. 
Caspall, "Erroron Choropleth Maps: Defini-
ion, a tReduction," Annals of the 

Association of American C'eographers, Vol Cl, 
No. 2 (June 1971), pp. 217-244. 


Ygzar,o .7n. FREQU!ENCY T)ISTRFBUTOVS 

Urban popula- Number Persons Number 

tion as % of of per square of 
total cases kilometer cases 

95.0 or more - 10,000 or more -

90.0 - 94.9 1 8,000 - 9,999 -
85.0 - 89.9 3 6,000 - 7,999 1 

- 84.9 1 4,000 - 5,999 1 
75.0

)7o.0
7.065.0 

-
-
--

79.9 
74.9 
6.9
69.9 

2 
3
7

7 

2,000 
1,500
1,00
1,000 

- 3,999 
- 1,999 
- 1,99 
- 1,499 

3 
14 
4 

160.0 - 64.9 8 900 - 999 2 
55.0 - 59.9 15 800 - 899 4 
50.0 - 54 9 13 700 - 799 8 
45.0 - 49.9 11 600 - 699 12 
40.0 - 44.9 7 500 - 599 12 
35.0 - 39.9 10 (400 - 499 14 
30.0 - 34.9 5 300 - 399 9 

25.0 - 29.9 6 1200 - 299 12 
"20.0 - 24.9 2 1100 - 199 9 
15.0 - 19.9 4 50 - 99 3 
10.0 - 14.9 2 25 - 49 2 
5.0 - 9.9 1 10 - 24 2 
0.0 - 4.9 - 5 -

1-
1 

9
4 
4 

1
1 
1 

under 1 -

drawing a churopleth map. This is much easier 

to answer because human perception sets limits
 
to the number of classes that may be shown and 
recognized clearly by most map users. While 

perception of the number of progressive shad

ings in black and white or color from light to 

dark on a map is finite, the capacity of indi

viduals may vary to some degree. A total of 5 

or 6 is considered ideal. Fewer than 5 inter

vals may not be a problem in perception but may 

sacrifice detail. When the number is 7 or 8, 

difficulty in perception becomes a real problem; 

more intervals should rarely if ever be used.
 

3.27 Making a preliminry design.--Rough 

drawings of the statistical maps are needed to
 

see whether the planning decisions concerning
 
these maps result in the best solutions pos

sible. For a point symbol map, the selected 

symbols should be tried out on portions of the
 

map to assure that the appearance is meaningful 
and pleasing to look at. For a choropleth map, 

the area subdivisions being shown should e 
shaded with distinguishing colors (using 

colored pencils) in order to determine whet:her 
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the resulting patterns are helpful in under-

standing the distribution. 
 In terms of other 

known facts about the country or area, are the 


patterns revealing? Have too many or too few 

class intervals been used and do the values of 

the intervals help or distract in u.n.erstanding 


the major facts about the distribution? Such 


preliminary designs are particutlarly important 


where new subject matter is involved, because
 

its distribution pattern may be largely unknown
 
before it is mapped. 


3.3 Vot inapl 

The preparation of statistical dot maps 

requires the orderly carrying out of several 

work procedures and making more decisions on 


the design of the maps. 
 It is assumed at this 

point that all the planning decisions have been 


made. 


3.31 Number of dots.--The first step is 


to obtain a list or table of all the geographic 


areas to be mapped with their populations, then 

to calculate the number of dots to be placed 

in each area. There are three basic ways in 

which the number of uots can be calculateu. 


(1) Adjoining areas method. 
 In the example 

below, assume that the rural population

of a 1st order division is to be mapped

by dots,, with each dot having a value of 

1,000 :.nhabitants. 
 If a 2nd order divi-
sion ha3 a rural population of 11,400, it 
would quiify for 11 dots with a leftover 

of 4C- which is carried over and added to 

the rural population of an adjoining 2nd 

order division which might then total 

14,700. A total of 15 dots would be as-

signed to 
the second 2nd order division, 

A debit of 300 would be carried over to
 a third 2nd order division which might 
then total 9,200. The third 2nd order
division would have 9 dots with 200 added 

to the fourth division, and so on until 

numbers of dots have been assigned to all 

the 2nd order divisions within the first
 
order division. 


The 
firt 2nd order division considered

should be in a corner of the Ist order 

division, usually the northeast or 
the 

northwest, with the dot assignments fol
lowing adjoining 2nd order divisions 

across 
the map and back and foith in a 


I 

Division of Differ-
Total Adjusted dots ence 

Ist order... 60,200 

2nd order.. 11,400 11,400 11 +400 

2nd order.. 14,300 14,700 15 -300 
2nd order..
2nd order.. 

9,500
8,700 

9,200
8,900 

9 
9 

+200 
-100 

2nd order..2nd order.. 5,60010,700 5,50010,200 610 -500+200 

serpentine manner. 
This is the most accu
rate way to determine the number of dots
 
for all 2nd order divisions for it assures
that there is a dot for all the population
 

except the last fraction, and that could
 
be carried over to 
the next adjoining Ist
 
order division.
 

(2) Alphabetical rrder method. 
An a.ternative
 

is to calculate the number of dots 
in the
 
samc manner by "_arryover of debits and
cread's but by alphabetical order of 2,'d
 

order divisions rather than by geographi
cal order. 
This does not give quite as
 
true a result because adjoining areas are

lCKely to be more alike than areas some
distance away, but the differences in
 

most cases would be minor and not more
than one dot differunL. £his is usually

a faster method because njost tables are
 

set up in alphabetical orler. 
 Because 'of

this, the distributic-
 mav be less subject
to calculation error and euaier 
to verify;
 
it should produce the same number of dots
for the whole Ist order division.
 

(3) Roundirg totals method. 
A third alterna
tive, and probably the merhod most 
often
 
used but not as accurate, is simply to 
round the figures to the nearest thousand, 
if the value of the dot is 1,000. As in 
any rounding the total may be higher or 
lower than the true In atotal. sparsely 
settled area the loss or gain could be
 
easily noticed., but in . densely set'led
 
area the diffiorence would be unnoticeable. 

As the number of dots for each area 
is
 

calculated, it should be entered in Li:e appra
priate area on a copy of the same base map

which will be useu for preparing the final map. 

This is called coding the map.
 

3.32 Methodsof makingdots.--The final 
drawing may be prepared by drafting or by 

scribing (see chapter 10). 
 If by drafting, a
 
clear film copy of the base map with only the
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I s t order division boundaries is laid over the 

dot-coded copy on a light table, registered to 

it, and the dots drawn by using a drop bow corn-

pass or other dotting pen with ink. Care must 

be taken to make the dots as round as possible. 

If by scribing, the dot-coded copy is prepared 
as a scribecoat and the dots are cut by? a 'ot 

scribing instrument. The latter method pro-

duces a much better quality of dots, making 

the map easier to read. 

3.33 Placement of dots.--The actual plac-


ing of each dot on the map can make the differ-

ence 	 between a good map and a poor map. Sincedence 

the dots reresent population, agriculture 

holdings, or whatever units are being mapped, 

they 	should be located insofar as possible in 


accordance with the distribution of these units 

within each 2nd order division. 

There are various sources of information 

that 	can aid In the proper placement of dots.
 

For rural population, it is known that rural
 

dots 	should not be placed where there is urban 

population although rural population may be
 

greatest immediately adjoining urban population. 


Rural population dot maps are rarely made ex

cept in combination with urban population as a 


total population distribution map. Accordingly,
 

the urban population map should be placed as a 

further underlay or ircorporated into the 


scribecoat so as to serve as a guide in the 


placement of nearby rural dots. 


A further source of information may be 


available from census tables in the form of 


population totals for separate rural villages 


or for subdistricts. If so, the rural dots may 


be located in accordance with this information; 


for example, . dots for a village of 2,000 


inhabitants, 4 dots for 3,900 inhabitants, etc. 


Rur-U open country population not located in 


con' ct settlements would be distributed be-


Lween villagEs or adjoining cities or wherever 


there is evidence of population (such as known 


land use patterns), 


Knowledge of land use patterns is partic

ularly helpful in constructing dot maps of 

agriculture. The availability of a good land 

use map of the country can be used to guide in 

placing the dots only on agricultural lands. 

rho 	 ibovc: paragraphs discussed proper and 
improper placement of dots. There are several 

additional cautions: 

(1) 	 Avoid placing dots in lake!; or reservoirs 
which may not be outlined on the base map 
that is used. 

(2) 	 Avoid placing dots in rough mountain areas 
or arid areas unless there is clear evithat sufficient population (for one 

or more dots) actually lives there. 

(3) 	Avoid placing dots in a regular pattern
 

so that the overall appearance shows lines
 

of dots in linear order. 

(4) 	Avoid placing dots so that the boundaries 
of districts, when removed, will show as
 
empty white bands.
 

3.34 Title, legend, and marinalia.--The
 

legend, frame, scale, north afro.', and other 

ma;ginalia are needed to cmplete the map. The 

legend must identify the value of the dots.
 

For title and marginalia, the suggescions for
 

area identification maps previously given also 

apply to statistical maps. 

3 	 Gctduated cucee mtp 

The idea of using graduated circles was
 

introduced earlier in the chapter (section
 

3.25) in connection with planning statistical
 

maps. Tn constructing graduated circle maps,
 

attention must be given to the matters de

scribed below.
 

3.41 Calculation of circle areas.--For
 

most graduated circle maps the area of each
 

circle is proportional to the quantity it rep

resents; thus, the maps are sometimes called
 

proportional zircle maps. To determ..ne the
 

radius of each circle, the squar, root of the
 

number to be represented is computed. This
 

computation is based on the fact that 7rr2 is
 

the formula for the area of a circle and since
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7ris a constant, it may be ignored. 
A scale 
 Value 
 Square Distance
 
is aelected for the radii numbers and the cir-
 roo___tfromzero
 
cles 	may be drawn by a drafting compass. 
The 

final scale for drafting the circles on the 

base map will depend oi the range of values of 

all circles from the largest to 
the smallest. 

The scale should be chosen so that the smaller 

circles are clearly visible and the larger cir-


cles overlap each other as little as possible, 

For example, if 10,000 is the value for the 

smallest circle, its radius value is 100 and 

a possible scale is 2 millimeters to 100. As-

sume 
that the largest circle has a value of 


1,000,000, its radius value is 1,000 and the
 
plotting scale is 20 millimeters. 
 Such a scale 

might work well 
on a page-size map depending 

on the size of the divisions being mapped. 
The 

scale might be raised or lowered. Some prelim-

inary drawings probably would be required to 

determine the final scales. 
 Such calculations 

are not 
too tedious if a calculator with a 


square root function is used. 


A graphic device may be constructed for
 
measuring directly the radii of the circles. 

The procedure can best be explained by an exam-

ple, as follows: 


length. 
 Label the left point 0 (zero); 

label the right point the largest value 

that is needed. In figure 9o, the maximum value is 1,000,000 and the length of 

the line is 15 cm. 
Note 	that, while the
horizontal line may be of any length, a 

long line will give better gradations 

between values. 


(2) 	The distances along the horizontal line
 
are proportional to the square roots of
the valuu. In the example, the square 

roots of 1,000,000 and 10,000 are 1,000 

and 	100 respectively. Thus, the dis-n
tance from zero 
to 10,000 is 


15 cm X 
1,000 -- or 1. cm 

The square roots for other values and 

their distances from zero are computed in
the same manner. 
Below are the computa-

tions for the values shown in figure 90. 


10,000 100.00 
 1.50 	cm
50,000 223.60 
 3.36 	cm
100,000 316.23 
 4.74 	cm
 

250,000 500.00 7.51 cm
 
50n,000 707.11 
10.61 cm
1,000,000 1,000.00 15.00 cm
 

(3) 	For the desired value points, mark the
 
distance on the horizontal line (or base
 

line).
 

(4) 	Construct a circle of desired size at the
 

largest value. 
 The size of the circle
depends on the size of the xr-
 and 	the
size of the div1-ionq-btiig mapped, as
 
explained above. 
Mark the center of this
 
circle (po.int A).
 

(5) 	Draw an oblique line from A to 0. 
Con
struct lines perpendicular to the base
line for each marked value, so that they
 
meet 	the oblioue line. 
These points de
termine the center of the circles that
represent the indicated values.
 

(6) 	 The radius of each circle is tue perpen
dicular distance from the base line to
 
the oblique line at each value. 
 With 	the
 
use 	of a compass, the radius can be measured from the graphic device and circles
 
drawn onto the statistical map.
 

This 	procedure is based on the principle
 
that similar triangles have proportional sides.
 
In figure 9o, triangles AOB and COD are similar.
 
Therefore, side AB is proportional to side CD.
 
Since AB and CD are radii of circles, the areas

of the circles are proportional to the values
 

they 	represent.
 

3.42 Graduated circles and class inter
vals.--Graduated or 
 circl a
 

proportional es 
 re
 

sometimes used to 
represent class intervals
 

rather than exact numbers. They are used par
ticularly when a large number of small-scale
 
national maps ae required on similar subjects,
 

and 	the representation of exact values for each
 

4For a description of graphic methods for
construction of proportional symbols, refer to
 
F. J. Monkhouse and H. R. Wilkinson, Maps and
Diagrams, Their Compilation and Construction
 
(London, Methnan & Co., Ltd., 1972), pp. 22-.25.
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MEASURING DIRECTLY TILE RADII OF PROPORTIONAL CIRCLESFigure 9o. GRAPHIC DEVICE FOR 

I0,000 50,000 100,000 25n,000 


0 10,000 50,000 100,000 250,000 


0 10,000 50,000 100,000 250,000 


number is not deemed important enough to cal-


culate each circle separately. In this case, 


the circle is calcul ted for the average or 


mean value of each class interval, and a stand-


ardized legend is developed for the series. 


3.43 Divided or sectored circles.--On 


some circle maps, further values or proportions 


related to the area represerted by the circle 


may be shown in pie chart ferm (see figure 9j). 


The number of pieces that can be shown is very 


limited an-' all should be of sufficient size 


to show clearly. For very small circles or 


for circles that overlap considerably, such 


representation should not be attempted. Di-


vided circles are difficult to read and, if 


too complex, are not very satisfactory. Color 


500,000 1,000,000
 

500,000 1,000,000
 

A
 

500,000 1,000,000
 

D .B
 

printing is generally desirable for more than
 

two or three sectors.
 

3.44 Drafting or scribing.--The drawing
 

of the circles may be accomplished by either
 

(a) drafting with a compass and ink on the map
 

or on a drafting film overlay or (b) scribing
 

the circles on a scribecoat with a scribing
 

compass. If a limited set of graduated circles
 

is used, with one for each class interval, the
 

circles may be printed as black circles or
 

disks on thin transparent film with adhesive
 

backing; these can be cut and applied directly
 

to the maps.
 

3.45 Placement of circles.--Circles are
 

located at the center of administrative areas
 

to which the statistics apply. The largest
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circles are put down first; 
then progressively 


the smaller circles are added. 
At the same
 
time, the smaller circles should be clearly
 
visible; and the larger circles should overlap
 
each other as little as possible. With a wide
 
range of values and many small areas, there
 
will be an overlapping of circles 
on some parts
 
of ..ie map. Two ways of handling this problem
 
are illustrated in figure 9p. 
 In A, the cir
cles are transparent and are allowed to 
over
lap; in B, smaller circles are placed on 
top of

larger circles. In a large-scale map with many 

overlapping circles, it may be necessary to 


have ins!t maps for crowded areas, but the same
 
circle scale should apply to the insets. 


3.46 Perceptionof circle maps.--Investi-

gations have shown that human visual perception 

of the apparent values of proportional symbols 

is somewhat less than their real values, espe-

cially at the higher end of the scale. 
Never-

theless, a correction factor is not suggested 

here, because of difficulties thisr 
introduces 

into the construction of proporti 
.al symbol 

maps. 


3.47 Title,legend,andmargnalia.--

Title, legend, frame, and other marginalia will 

complete the map. 
 The legend for graduated 

circles may be presented in a number of differ-

ent ways. One design that 
uses a minimum of 

space is to draw the largest circle and place 

within it a series of selected smaller circles, 

each within the next larger one, and all rest-

inj on the midpoint of the bottom side of the 

largest circle as illustrated in figure 9j. 
 A 

value scale is provided beside the circles, 


3.5 Cho'optez maps 


The construction of choropleth maps may 

be done by traditional drafting methods but it
 

SFor further information on circle maps, see 

A. H. Robinson and R. D. Sale, Elements of
Cartography, 3rd ed. (New York, John Wiley & 

Sons, Inc., 
1969), pp. 125-126. 


Figure 9p. OVERLAPPING CIRCLES
 

Source: A. H. Robinron and R. D. SaZe, "Eements of Cartography," 3rd ed. (New York, John 
WiZey & Sons, Inc., 
1969). Reprinted with per
miss ion. 

Is more frequently accomplished by a combina

tion of drafting and photography. The proce
dures for both methods are presented below.
 

3.51 
 Ma2 coding of class intervals.--The
 
first step in preparing the map, after deter
mining the class intervals that are to be pre
sented, is 
to assign digit codes in progression
 
(for example, 1 to 5) to each class interval.
 
Then, the class interval code for each subarea
 
being mapped is determivad from the statisti

cal data. Normally tbse values will be in
 
terms of densities, ratios, or percentages.
 

At the 
same time, the codes may be marked in
 
the proper subareas on a copy of the base map
 
chosen for preparing the choropleth map. 
 If
 
the base map is to be used as direct final
 
copy on which black and white shadings are to
 
be imposed, the area codings should be done
 
with a non-photographic blue pencil, so 
that
 
they will not show when the map is photocopied
 

for the printing plate.
 

3.52 Selection of black and white shad
ings.--Successful choropleth maps in black and
white require very careful selection of black
 

and white shadings 
so as to show graduated
 

values correctly from high to low. 
 Black and
white graded shadings are shown by patterns of
 

dots or parallel lines or combinations thereof.
 
Contrasts in the shadings (see figure 9k) are
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achieved by (a) variations in the ,erce,'.. oi 


area inked by dots or lines and 'h) dist i

guishable patterns, 

The human eye is not sensitive in distin-

guishing mail-,. shades from very light gray to 

black; for this reason, patterns generally must 


be introduced to permit recognition of individ-

ual shades as they are presented on a choropleth 

map. Normally high statistical values are rep-

resented by dark shades and 2 values by light 

shades. The aim is to develop an equalLy graded 


shading pattern from high to low. The contrasts 

should be great enough to clearly distinguish 

each class from the one above it and the one 


below it, but not so great that there are no-


ticeably unequal jumps in shading values be-


tween classes. This is the ideal, but great 


care is required in selecting the patterns to 


achieve a balanced set of shadings that are 


graded. 


3.53 Black and white maps and drafted 

shadings.--Graded shading to show each of the 


class interval areas on the map can be done by 


hand with pen and ink. The shading is accom-


plished uIsually by parallel lines of different 


width, spacing, and angling or by crosshatching 


of these lines. This drafting must be done on 


a base map wich will become the final map when 


title, legend, etc., have been added. This is 


a tedious method and one that doe, not usually 


achieve as attractive a final drawing as other 


methods. 


3.54 Black and white maps and preprinte 


shading patterns.--Graduated shading also may 


be achieved through the use of commerc7.alLv 

printed shading patterns on thin film that has 


an adhesive backing. A sheet of the selected 


film may be laid over the subarea or group of 


subareas with the same class interval code, 


pressed down, and the excess film cut off the 


edges. The commercially printed shading pat-


terns are available in a wide variety of line, 


dot, and other designs--all uniformly executed.
 

From thi selection of patterns a graded series
 

of shadings, each distinctly recognizable, can 

be chosen and used. A choropleth map made with 

these shading patterns is not difficult to con

stiuct and presents a very uniform appearance. 

3.55 BlacK and white maps and open window 

negatives.--An even more efficient and flaxible 

method, and one Lhat results in an improved 

final map involves the use of an open wi!Idow 

negative. Such a negative is produced from
 

commercially available coated polyester film,
 

on which a positive image from a map is photo

chemically etched. The coated film is then
 

manually stripped to produce an open window
 

negative. The film has an emulsion coating
 

(usually orange or rust color), much like rub

ber base paint, which can be peeled off the
 

film with a sharp knife, leaving window-like
 

openings; the patterns of the openings are
 

controlled by the deep etched lines. If the
 

map is to be prepared for black and white
 

printing, a separate open window negative is
 

made for each class interval. When combined 

with appropriate photographic pattern screen,
 

a composite negative is prepared. The com

posite negative includes the base map to which
 

have been added title, legend, frame, and mar

ginalia. Fromn this negative a printing plate
 

is prepared.
 

3.56 Color naps and open window nea

tives.--Open window negatives are used also to
 

produce a ch~ropleth map in color. It is common
 

to use only two or three basic colors plus black
 

in order to minimize the number of press runs.
 

A tremendous variety of color shadings can
 

be obtained by comuining colors such as yellow
 

and blue for green, yellow and red for orange,
 

etc., and by using photographic screens in pre

paring the negatives for each color plate so as
 

to obtain percentage values of the colors from
 

10 percent (light) to 90 percent (dark).
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One way of achievi.ng these color shadings 


in printing, is to prepare an open window neg-


ative for all classes that will have yellow, 


another for all classes with blue, etc. For 


example, this might mean that class intervals 


1, 2, 3, and 4 would appeer on the yellow open 


window negative and 3, 4, 5, and 6 on the blue 


negative. Again a separate negative is needed 


for the base map (with legend box, title, etc.) 


which is printed usually in black, 


Another way of achieving color shadings in 


printing is to prepare an open window negative 


for each class interval, as is done for black 


and white printing, and then ask the printer 


to combine the coloss by multiple exposure on 


a negative for each color printing plate. For 


example, if class interval 2 is 50 percent 


yellow and 10 percent blue, the photographer 


making the printing negative would use a 50-


percent screen and the open window negative 

for class interval 2 and expose this on the 


negative for the yellow plate; the 10-percent 


blue negative would be exposed on the negative 


for the blue plate. If class interval 1 were
 

100-percent yellow this would be also exposed
 

on the yellow negative. Thus, each color neg-


ative would receive multiple exposure to the
 
open window negatives and screens for each
 

class interval. The exposure from negative to
 

negative is now possible without going through
 

a positive because of the current availability 

of duplicating film.
 

3.57 Color values and gradations.--The 


use of color for graded shadings on choropleth 


maps serves to make them more attractive and 


therefore more widely used. Moreover, cclor 


strengthens the capability for communicating 


the value shadings that are required on a chor-


opleth map. The task of selecting color values 


is even more difficult than selecting patterns 


for black and white maps. Color printing in 


cartography is usually achieved by er,.iHring 


various proportions of inks of three primary 


colors--red (magenta), blue (cyan), and yellow-

plus black and the white of the paper. These
 

offer an almost unlimited variety of colors.
 

However, in presenting a graded series for
 

progressive class intervals, the most important
 

aspect is colur value. As is true for black
 

and white gradations, the darker the val.ue the
 

greater magnitude it should represent, and the
 

lighter the value the lesser the magnitude. A
 

single color in various shades for presenting
 

gradations of value is not much better than
 

various shades of gray, for the eye is strictly
 

limited in the number of values it can distin

guish. Therefore, different colors are added
 

to permit recognition of more gradations in a
 

manner similar to adding patterns to black and
 

white or gray shadings.
 

What are the choices from an almost unlin

ited number? One choice might be the colors
 

which appear in the rainbow, a progression from
 
violet, blue, green, yellow, and orange to red.
 

The problem with a ull spectrum is that it
 

represents two value progressions--from violet
 

to yellow and from yellow to red. It has be

come customary to use the colors of the spec

trum for elevation maps with blue for water,
 

green for lowrlands, yellow for intermediate
 

levels, and brown and red for highlands; how
ever, this progression is unsatisfactory for
 

graded statistical intervals. The two separate
 

progressions starting with yellow, the lightest
 

tone, to either red or blue can work very well.
 

These can be varied in many ways by using in

termediate tones such as yellow-green, blue

green, yellow-orange, red-orange, or blue

olet. Red and blue may be introduced into
 

Lhe yellow so as to produce olive-greens or
 

light browns or red-browns. In every series,
 

the colors can be chosen so that the values
 

increase from light to dark in steady progres

sion without big jumps or gaps between any two.
 

The values of colors are changed by using a
 

series of photographic screens in preparing
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final negatives from the open window negatives, 


The best screens a-e those that are 
rated in 


terms of percentages (10%, 20%, etc.) 
with each 


percentage indicating the amount of color that
 

will be printed if that screen (s used.
 

3.58 Selection of colors.--Assuming that 

the general color scheme for a given choropleth 


map is chosen, the question arises as to how 


the precise colors and their values should be 


selected. There are no clearly defined prin-


ciples to follow :2xcept that values of the 


colors should range from dark to 
light and that 


each class should be clearly distinguishable 


from the one 
above it and below it. Color 

charts have been prlnte£ ...ich indicate color
 

combinations in various percentages.6 By se-

lecting colors from these charts, cutting each
 
out and arranging in graded order, judgment 


can be made as to the color combinatiors suited
 

to the choropleth mao 
that is being prepared.
 
A large number of good selections can be made. 


3.59 Title, legend,..nd margina'ia.--The 


legend for a choropleth map is prepared in the 


form of a series of rectangular boxes in a
 

vertical arrangement. The class interval that
 
each one represents is placed to the right of 


each box and 
is usually given in descending 


order of values from top to bottom. The map 


would be prepared so that the proper black and 


white shading or color would appear in each 


box (see figure 9k). The final steps are to 


add title, frame, scale, and other marginalia. 


3.6 Ptepating the amps fJt printing 


Statistical maps must be very carefully 


verified before being printed. The geography 


staff must be sure that symbolization has been 


provided for all areas without any omissions, 


and that the correct number of dots or shading 


6A chart prepared by the U.S. Bureau of the 

Census gives 1,100 color combinations of red,

blue, and yellow, 


values have been applied to each area. Titl.,
 

legend, and marginalia must also be verified.
 

If the final copy Is a black and white
 

drawing or print, verification is simpler. If 

the final product is to be a series of open 

window negatives for color re roduction, a
 
color proof copy should be prepared. If areas
 

have been omitted or incorrectly shaded, svch
 

errors will be much easier to detect and cor

rect from a color proof. For any maps involv

ing open window negatives, registration is
 

important. Helping to 
achieve this registra

tion throughout tht. process of preparation is
 

a pir registry systen (discussed in chapter 10).
 

Finally, if statistical 
maps are to be
 
printed in color, it is very important that
 

arrangements be made with the 
printer for the
 
carcgrapher to review the printing at 
several
 

stages in the printing process. This must 
be
 

done to assure that the printing plates have
 
been properly made, that the correct color
 

inks are being used, and that proper color
 

registration is achieved during the printing.
 

4. STATISTICAl GRAPHS 

Statistical graphs (including charts) are
 

discussed in this chapter because they are used
 

widely in census publications to show quantita

tive relationships in statistics that are not
 

readily apparent from the statistical tables.
 

The same purpose applies to statistical maps;
 

but in the case of statistical graphs, the
 
emphasis is norma..ly on statistics of a non
geographic nature or, perhaps more prezisely,
 

those referring to a single geographic ,
 

such as the nation as a whole or its separate
 

!st order divisions. While it would be pos

sible to construct one or more statistical
 

graphs for every table of data, this is neither
 
feasible nor desirable. Rather, the aim is to
 
highlight the important relationships or changes
and to interest the reader in examining the 

tables for further detail.
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Figure 9q. TYPES OF GRAPyS
 

BAR GRAPH
 
Lad wtL dliaifov IA, prov nce: 1971 and 1961 

PIE GRAPH (CHART)A 

WORLD HARVESTED AREA OF PRINCIPAL CROPS 
(Excluding forage and fodder crops)

IvIlRAGI CROPS1 01 
SUGAR15% "!,toACCo04% 

FRITSl& VIGITAWlLS3 1% 
"aug11' S 'I 

PUISI$ 

AGE-SEX PYRAMID 
E- X PY MIEstimated and Projected Population of Tunisiaby Age and Sex: 

Series A Constant Fertilityi 1967 and 2000 

-_,,,75

-s-

MALES -55- FEMALES 

-so-

Oltlll0$ 12 
OILSIES 

1% 12-40-

OATS 0% ............ 
-35

-20-

A000 I9 1961 2 

1500 12 900 300 1II 

SoUrM': U.S. Depaztmnt of Aoinoulta. 
00 1 5Da 0 l10Ptp~Lahon0 Thocranth 300 900 1200 1501 

PICTOGRAPH
 

RANKING GRAPH 

GANADO VACUNO EXISTENTE EN LAS INCAS

HALAWI REGION; RANKED BY TOTAL POPULATION: 1966 DE CsiS RCA. P00 PRLVIUCIOS
lOSTA CA. 
 0. SSLVI 

SOUTHERN
 

CENTRAL GuANACASTe
 

SOUTH CENTRAL 

ALAJUELA
 

NORTH CENTRAL 

PUNTAREOAS 

LOWER SHIRE 

SAN JOSE

CENTRAL LAKESHORE 

CARIAGO 
f, .
 

1 


" ON1,-


NORTHERN 


.25 .50 .75 1.0 1.25 1.5 
 . .. ... ,
 

166..MILLIONS 


SOURCE: Blasad on data .t'orn"I wi Poplizatio, Cenglos, 1966,Provsionsal Report, " Depart,rtnt of Cenpisgoa and Statistic , Zomba, 
CIO,1. 90 ,CI

IAkztlwi. 

SOURCE: "At~as Eatadfatico do Coata RSia," 191.
Cow-tesy of Dircai6n t;ncral de Eatadfatiay CCneon. 



193 
Chapter 9 
 PUBLICATION MAPS AND GRAPHS 


4. 1 Type.s o6 .Sttri3 cae g.aphs 

A great variety of types of statistical 

graphs exist. However, almost all that are 
in common use in census publications are of 

three major types: line graphs, bar graphs, 

and divided circle (pie or sector) or divided 

rectangle graphs. No attempt is made to cover 
all the countless variations of these types 

but only to note a few important ways that 
these graph types may be used. Several types 
are illustrated in figure 9q. 

4.11 Line graphs.--The normal line graph 

presents a series of points each denoting two 


variables. They are plotted by means of rec-
tangular coordinates and with a line connect-

ing the points in progression. Most commonly 
in census reports, line graphs are used to show 
time series comparing the results of tile past 
censuses with the present. Time, the independ-
ent variable, is indicated on 
the horizontal 


axis; population, percent change, or 
some other 

dependent variable is indicated on 
the vertical 

axis. 


Line graphs are particularly good for em-


phasizing movement of data and for estimates, 

forecasts, or interpolated data. Multiple 


lines may be used on a line graph (to 
show 


data for a nation and its -major regions, for 
example) if the lines 
are symbolized differ-


ently and do not intersect at 
too many points; 

otherwise, the graph would be difficult 
to 


read or would be unclear, 


4.12 Bargraphs.--Bar graphs represent 

scaled values on a rectangular grid either by 
horizontal or vertical bars. 
 Each has a con-

stant width each
and has space between bars 
(or group of bars) . Bar graphs are also used 
for time series to show data at different cen-

sus dates. In this case, the bars 
are vertical 


(alio called column charts) and they are spaced 


to show the time period between each census.
 

A type of horizontal bar graph is the so-

called age-sex pyramid. 
 It shows the number 


of persons on the horizon,.l axis and age clas! 

groups from infancy to old age on the vertical 

axis. Number of males is indicated to the 
right of the center axis and number of females 

to tile left with no space between tile bars. 

In a normal distribution i- appears like 
a
 

pyramid (see figure 9q). 

Another type of horizontal bar graph is 
the ranking chart where population, percent 
change, or other data for geographic areas or 
other components are represented by horizontal
 

bars arranged from top to bottom ink descending 

order. Losses as well 
as gains may be shown
 

on the same graph. More complex information 

may be shown within each bar by subdividing it 
into components and shading each part differ

ntly; a legend should he added to Identify
 
the separate parts.
 

Another bar graph commonly used in census 
reports is the lO0-percent bar graph. Regions,
 

Ist order divisions, or non-geographic quanti
ties are represented by a series of bars of
 
equal length; 
the bas are divided into com

ponents and each part is shaded differently
 

and annotated.
 

4.13 Divided circle or rectangle graphs.--


There are 
forms of graphs in which a circle is 
divided into sectors, or a rectangle is divided 
into further rectangles to theshow percentage 
of the total that is represented by the compo
nent parts. These are most 
 often used for the 
nation 
as a whole or a Ist order di~ision. They
 

must be carefully annotated and preferably
 
should show actual percentage figures. They
 
can be used to show urban and rural populations
 
and further breakdown by size of place. 
 Or
 
they can be used to show population character
istics such as ethnic origin, educational
 

attainment, occupation, or employment.
 

4.14 Othervariations.--So many varia

tions in graphs exist that it is possible in 

this chapter to mention only a few. 
 A line
 

graph may have shading below the line 
to
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emphasize up-and-down movement of the data over 


time. For a multiple-lin, graph that shows per-


centage of a total, the entire graph may have 


shadings between various lines; this is some-


times calle. a surface graph. Bar graphs may 


use a string of silhouettes of peop.-e lined up 


to show population numbers, or a stack of coins 


to show money, or other simple pictures. These 


are called pictographs. There are other types 


of graphs, such as the polar or circular graph
 
and the triangular graph (used to portray three 


variables); these are rarely used in census 


reports because they would be difficult for
 

most readers to interpret 


4.2 Pannzng and pj'tepaAation of gaph 

After determining what data are to be
 

highlighted by graphs, the next consideration 


is to determine the space each one will occupy 


in the publication. Will it be a full page,
 

a half page, a quarter page, a column, or part 


of a column in the text? Knowing the overall 


dimensions facilitates efficient planning of 


the scale of the graph or group of graphs. 


The second step is preparing a rough draw-


ing of the graph on coordinate paper indicating
 

the major components (lines, bars, or circles), 


the scaling frame, title, legend, lettering, 


and source of data. With this drawing and the 


necessary table from which the numerical data 


are obtained, the draftsman is in a position 


to draw th4 final graph. Line work is usually
 

prepared for publications in black and white.
 

If shading is required, it can be in black and
 

white or color. If colors are used, a separate
 

overlay is needed for each color or color com

bination. A limited nuwber of coordinate lines
 

should be indicated on most line and bar graphs
 

to enable the reader to make approximate meas

urements easily.
 

It is best to keep the various parts as
 
simple and sharply defined as possible. As a
 

rule, simple, clean, block-type lettering is
 

preferred. If reduction of the drawing is
 

required (and it is preferable to reduce to
 

avoid minor imperfections in drafting), the
 
reduction scale for all graphs in a series
 
should be the same 
so that lineweights and
 
lettering will be comparable from one graph to
 

the next.
 

To enhance the attractiveness of most
 

graphs, it is desirable to add a light back

ground shading of halftone gray or color
 

either within the coordinates or as a frame
 

around the graph. If this is done, a separate

overlay for this shading is required.
 

Finally, all graphs must be carefully
 

verified as to line work, measurements, letter

ing, and shading overlays. To avoid serious
 

errors, the statistics on which the graphs are
 

based also should be verified.
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Chapter 10. DRAFTING OPERATIONS 

I. INTRODUCTItON 

Chapter 10 discusses, in some detail, the 

organization, procedures, materials, and equip-


ment needed for drafting enumeration base maps
 

and publication maps and graphs. The chapter 

is intended primarily for technicians who are 


responsible for the drafting operations. Other 

census personnel may find the chapter useful 

in that it describes the scope of the drafting 

activity in relation to other aspects of a 

census mapping program. 

2. PRAFTING FUNCTIONS 

Drafting ot census ma:ps requires two major 

functions: (a) drafting enumeration base maps 

and (b) drafting publication maps and graphs. 

For the mn-t part, these functions are performed 

separately. The first function, that of prepar

ing base maps, will require more drafting per-

sonnel, because the maps must cover every part 

of the country in detail and must be as accurate 

and up-to-date as feasible. The second function, 

that of preparing publication maps, requires 

fewer personnel to accomp..ish, but these must 

he highly skilled and experienced personnel who 

can draft in a finished manner that will meet 
publication standards. 


The work of each group should be reviewed 


and edited before being sent to copy reproduc-

tion or printing. Original artwork on maps or 


graphs, when completed and copied, is kept in 


the drafting files. 

Personnel should be quite versatile, since 

they may be doing different drafting work at 

different times. Persons who have a greater 

aptitude for more complex drafting operations 

will become specialists; supervisors ordinarily 

will assign them to the more difficult tasks. 

Some persons will be particularly skillful at
 

verification and editing and should be assigned
 
to that function. Well trained and experienced 

persons will be needed to develop the specifica

tions for drafting.
 

There is often a shortage of cartographers 

and draftsmen so that some inexperienced people 

must be trained to undertake the drafting work. 

While much of the training will occur on the 

job, it is advisable to have a formal training 

program initially whicn will acquaint new per

sonnel with the use of all the drafting equip

ment and materials, and will give them some 

actual drafting exercises to complete satisfac

torily before they receive any regular work
 

assignments. The amount and type of training
 
will vary: depending on the jobs to be done. 

Drafting of enumeration base maps will be
 

finished before the drafting of publication
 

maps is started. Therefore, it is usually pos

sible to assign the most experienced draftsmen 

and those with the best technical and artistic 

abilities and knowledge of reproduction methods 

to draw tile publication maps and graphs. 

3. SPECIFICATIONS FOR DRAFTING
 

Standards must be established to ensure
 

consistency of quality. A map is a system for 

coding a variety of geographic information so
 

that a map reader can use It. EA maps must be 

especially clear because enumerators often are 

not skilled map readers. By preparing adequate 

and comprehensive specifications for map prep

aration, one can ensure that all maps of the 

same type are reasonably uniform and that train

ing of enumerators in their use is simplified. 
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Specifications also need to be set up for 


publication maps and graphs. Maps and graphs 


that are properly drafted will be more easily 


read and used by the public, 


3.1 	 Pieparing speci4ications 


In preparing specifications, accuracy re-


quirements need to be considered, along with 


symbols, scale, size of sheet, format, and 


method of copy reproduction. The importance 


and description of map rtroduLtion methods 


are covered in chapter 11. An overwhelming 


number of census maps are produced primarily 


for crew leader and enumerator use. Rarely 


is an enumeration map used for publication 


without redrafting.
 

3.11 Enumeration maps.--Maps for enumer-


ation should be reasonably accurate. Points 


and lines should show the same general rela-


tionship to one another that they do on the 


ground. Shapes and turns of roads, blocks, 


rivers, and lakes must correspond with their 


ground positions. On the other hand, precise 


accuracy of scale and detail is not as neces-


sary 	for census enumeration maps as it is for 


engineer-drawn topographic maps. To demand 


more 	accuracy in census mapping than is re-


quired is an unnecessary expense. (See also
 

section 6 of chapter 6 regarding accuracy re-


quirements for enumeration maps.) 


For enumeration maps a set of general 


specifications that apply to all maps should be 


prepared. This set will include instructions on: 


(1) 	Various sizes of map sheets and map 

scales that are acceptable for urban 

and rural areas (see figure 6c in
 
chapter 6). 


(2) 	Approved symbolization of landmarks, 

other features, and boundaries for 

each map scale (see exhibit 3-1).
 

(3) 	Prescribed format (layout, matching, 

orientation, lettering, etc.).
 

(4) 	Standards for title, legend, north 

arrow, graphic scale, framing, and
 
other marginalia. 


These base map specifications should be
 

prepared in detail for urban and rural areas,
 

and copies should be provided to all map drafts

men. One part of the specifications will cover
 

lettering to be used for different map features.
 

Another part will include all point, line, and
 

area 	symbols that may be used. The letters or
 

symbols will be shown at various reductions so
 

that 	the draftsmen may select the letter size
 

or lineweight that the final reproduced copy
 

should have.
 

3.12 Publication maps.--Another set of
 

specifications will need to be prepared for
 

publication maps. The overall specifications
 

will be rather general, because publication
 

maps differ one from another. The specifica

tions will include such items as title, fram

ing, lettering, eraphic scale, marginalia,
 

etc., which are common to almot all maps.
 

More detailed instructions will be prepared
 

for each census area identification map series
 

and for statistical maps of the various types-

dot maps, choropleth maps, etc. Many statis

tical maps are one of a kind and special in

structions and preliminary drawings must be
 

prepared for each one.
 

It is wise to consult numerous informed
 

persons as well as to follow cartographic
 

standards in determining specifications. The
 

person responsible for the specifications
 

should consult with other qualified geographers
 

as well as professional statisticians in the
 

appropriate subject matter divisions of the NSO
 

who have a special interest in the presentation
 

of statistics.
 

3.2 	 Using Specificatoms 

Specifications must be closely followed
 
by the draftsmen to ensure that standards of
 

accuracy and quality are being met. Compilation
 
staff, editors, and verifiers should follow the
 

sante specifications as the draftsmen follow.
 
Maps returned to drafting for changes should,
 

where appropriate, be marked with notes that
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refer to paragraphs in the specifications. 
For 


changes 	 in the specLficationsa few maps, minor 

but any changes should be 
may be desirable, 


approved by the supervisor, 


set of standardsA carefully designed 

clearly expressed in the specifications and 

make it possible
o!,proved by 	 all con,.rned will 

tt'uSe base 	maps over a long period 
of time. 


also 	 aid in updating and correcting,will 

iii format ion. 

4. 	 DRAFTING ENWMIERATION BASE MAPS 

which
The c -mpilation determinesstaff 

.ource materials will be used for the enumera

and then prepares map packages
tion 	base maps 

ior the 	 draftsmen (as described in section 7 of 

6" . This does not mean that the draft-c :'apter 

or siould not question the
in4 staff cannot 

.atvrials and their use, although in most cases 

will be followed.
tie compiler's instructions 	 theeitheraboutquestions
1 ,7there are some 

there should be or the instructions,cr:tt.rials 

,!ilscussion with the compilation staff, prefer-

who are doing the work
.blv between 	 technicians 

S t wThe 

After the mps are drafted, they will be 

returned to the compilers for verificatin. The 

(0opilers will be thoroughly familiar with the 

nued(s of enumerators in the field, will have the 

and willnecessary map sources for checking, 

prepared the original instructions. The
havu 

on what 	 thefinal 	authoritiescompilers are the 

are the people who 
maps ought to show, and the-. 


muist be satisfied before the maps are sent to 


the field for use. 


4. 1 	 Us~iing tJ'Q. ,p iaekagc 

A map package will have been prepared 
by 


for each 2nd or lower
the compilers probably 

order administrative division (as described in
 

package 	 will contain the -maps
chapter 6). The 

and other source materials which will be used 

for makirg base mars. Overlays or detailed 

instructions accompanying the materials 
will
 

to be drafted onto thethe features 

ard the names to be transferred 
indicate 

or
base maps 

added. 

that the map sources will
It is probable 

as small scale,
have some serious 	faults, such 

unneeded information,missing 	features, lack 

of clarity, 	and poor reproducibilitv. 
Such
 

for directmake 	 the maps unsatisfactoryfaults 

as a set of primary source
 

use but satisfactory 

must be updated


maps. In this case, the maps 


for use as base nips. In other cases, it may
 

and
existing mapto update an 
not be feasible 


must he drafted.
 a completely new one 


map in-

The steps in updating an existing 

clude:
 

or reducing the materials as
(1) 	 Enlarging 


indicated
 

(2) 	 Deleting unnecessary features 

(3) 	 Adding features in pencil 

and deletions(4) 	 Verifying the additions 

(5) 	 Inking in the additions 

steps in drafting 	a new base map are 

similar 	to those for 
updating an existing 

map.
 

When drafting a new map, the format and the 

symbols used for the features should be stand

ardized in accordance with the specifications 

The steps
established 	for each type of area. 


in drafting a new 	 base map include: 

asreducing the materials
(1) 	 Elarging or 

incor
(2) 	Making a preliminary pencil copy 


porating the features indicated 	 on the 

source materials
 

(3) 	 Verifying the preliminary map 

an ink tracing of the preliminary(4) 	 Making 

map
 

4.2 EntaAginq oA 	 keducing source maps 

enlarging or
If the compilation staff has 

may have been
redcdng equipment, source maps 

before the overlays
brought 	 to the proper scale 
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were made or the instructions written. Other-


wise, instructions for enlarging or reducing 


scale will accompany any map that is not already 


drawn to the required scale. 


The methods and equipment for enlarging 


or reducing are varied. The use of photograph-


for this purpose is the best method because 


it is quick and accurate. It requires that a 


negative and a positiv, print be made at the 


desired scale for each source nap from whi,-A 


detail may be selected and traced on the new 


map base. Cameras and other equipment are 


necessary and involve considerable cost, but 


the results are well worth it if many changes 


in the scale of maps are required (see also
 

chapter 11). 


A second method for enlarging and reducing 


involves the uie of ref tctive projectors wLich 

permit transfer of the map image in enlarged or 


reduced form by lens and light onto a surface 


where it can be traced by a draftsman (see 


section 7.35 of this chapter). This method
 

involves at least a moderate cost for the pro

jector, and tracing is subject to errors by the
 

draftsman. Overall, it is not as satisfactory
 

a method as photography. 
a
 

A third method is the use of the panto

graph (described in section 7.33 of this chap

ter). This is somewhat tedious and subject to
 

human error, but it car, be accomplished by a
 

trained draftsman with proper equipment at a
 

relatively low cost.
 

Still a fourth method is the most tedious
 

and subject to the geatest error. This is
 

direct drafting enlargement through the use of
 

measurements of tne "ap featuires to be trans

ferred. Preferably, this is done with a grid
 

similar to graph paper. The smaller the grids,
 

the more precise the transfer. An illustration
 

of this grid method is given in figure 10a.
 

% map at the scale of 1:15,000 is redrawn to
 

a scale of 1:6,000 simply by transferring the
 

Figzae 10a. USE OF PREPARED GRID FOR C1ANGING SCALE 

A) 

Al.A 

1:15,000 1:6,000 
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detail from one small square to its counter-

part square on the larger map. 

4.3 Tuttc big 

After the pencil copy of a map is complete, 

it is traced in ink using a light table. The 

tracings are made on tracing paper, tracing 

cloth, or drafting film (see section 7.21 for 

more details about these materials). The ink 

tracing ma'y be done on the map sheet being up-
,dated by inking. over the pencil lines. How-

ever, when a completely new map is drafted, it 

is better practice to trace irn ink onto a 

clean sheet. This preserves tL' preliminary 

pencil copy for review and verification and 

also saves considerable time in cleaning off 

unwanted pencil lines. It also allows the use 

of different tracing materials for the pencil 

copy and the master rcop,. isink This a dis-


tinct advantage, since the preliminary map is 


more easily done in pencil on paper, while the 


master copy is better preserved if a stable-

base plastic drafting film is used for the ink 

tracing. 

4.4 Ptcprqbaitg a&-, phot' IC'LcL.s 

If no adequate maps are available, base 

maps ma:., be made rather easily from 2ood aerial 


photographs or photo mosaics. Interpreting the 


photographs and tracing maps from them were 


covered in chapter 4. The preparation of un-

controlled air photo mosaics, however, was not 


covered in chapter 4. Whenever more than two or 

three aerial photographs are used as a source 

for making a base map, it becomes desirable to 


match them together and construct what is called 

a photo mosaic before tracing. Since photo-

graphs have tr,:,,r dimensions at their centers 

and more distortion at their edges, it is better 


to use only the central part of each photo in 


making the mosaic. If photos with large overlaps 


are not available, it is not always possible to 


use only the central parts. In that case, the 

existing photos must be put together by adjust

ing non-matching features to meet each other 

when the tracing is made. 

In the construction of the mosaic, a photo 

in the center of the area of the bsa map is 

mounted first on a sheet of very ha\vy water

proof cardboard, plywood, or other special base. 

before 'eing pasted down, its surrounding edges 

are torn aw~iy in a manner called "feathering." 

This is done by holding the photo face lip and 

tearing a narrow strip away all around the edge 

of the photo. This leaves a white feathered 

paper edge all around the photo. An adjoining 

phot) is examined to determine the approximate 

line where it will match the torn edge of the 

central photo. It is then torn along this line 

in a manner that leaves the white feathered 

edge on the bottom with the emulsion side of 

the photo on top, taking care not to remove 

any images of this photo that are missing on 

the central photo already laid down. This oper

ation is repeated for other photos joining the 

central photo. Also, the sides of the adjoining 

photos are matched. Each photo is pasted to the 

board after it has been matched on all sides to 

adjoining photos. A mounting paste with water 

base is used. The process is continued until 

all photos that cover the area to he made into 

a mosaic are used. 

Unless the photographs making tip the mosaic 

have been corrected in the printing process for
 

the varying tilt and level of the airplane from
 

which they were taken, the resulting mosaic 

will be what is called an uncontrolled mosaic.
 

This means that features at adjoining edges of 

the photos may not match very well ad distances 

are not completely accurate. However, it pro

duces a reasonably pood pt,.ture of the area. 

A map suitable for census purposes can be made 

by tracing in pencil 3elected features from the
 

photo mosaic.
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5. DRAFTING PUBLICATION MAPS AND GRAPHS 


Maps and graphs that are to be published 


with census reports require planning and com-


pilation in a manner similar to enumeration 


maps. The design and compilation of publica-


tion maps is generally undertaken by the chief
 

cartographer in consultation with the subject 


matter staff. Publication maps are fewer in 


number than enumeration maps and they require 


special professional and technical abilities 


in planning and design. 


preparation of publication maps and graphs,
 

this section is limited principally to selected
 

technical aspects of planning and design and
 
to 
the drafting and lettering operations. 


5.1 Ini&ta ptfaning 


Early in the planning, the ch!ef cartog

rapher should consult with the subject matter 


statisticians to lay out the needs for census
 

area identification maps and statistical maps
 
and graphs. If there are numerous area iden-


tification maps of several types, he will want 


to have his staff prepare preliminary drawings 


or outlines of each type and present them to 


the planning group for approval or modification.
 

Likewise, if there is a series of similar sta
tistical maps or graphs, preliminary copies 


should be drawn fc~r approval. For one-of-a-


kind maps or graphs, a general description or 


rough pencil outline should be sufficient for
 

planning purposes. 


In this initial planning, several basic 


questions must be answered. One has to do with
 

the size of the publication page. Will maps 


larger than the page size be prepared and, if 


so, how will they be made a part of the publi-


cation? Will they be folded and bound in the 


report or folded and inserted in a pocket of 


the report? Will an existing base map be used 


or will a new one be prepared? How much detail 


needs to be shown? Will the maps and graphs be 


in color or in black and white? From answers
 

to these questions and review of the prelimi

nary outlines, instructions for the draftsmen
 

can be prepared.
 

5.2 Map designing
 

Map designing is a process that begins
 

with the initial planning by the chief cartog

rapher and his staff, in cooperation with sub

ject matter statisticians, and continues through
 

the drafting stage to the final printing. For
 

most publication maps, design involves placing

an irregularly shaped area on a rectangular
 
page or sheet. The empty spaces will be filled
 

with title, legend, scale, insets, framing, and
 

other useful map information. The composition
 
of the map sheet is not always simple; it re

quires an artistic sense of balance as well as
 

mastery of drafting techniques.
 

5.3 Selection oA ba ,e maps
 

Whether to use an existing base nap or to
 

prepare a new base map must be decided before
 
drafting can begin and is really a part of the
 
4nitial planning. If a preliminary nap was
 

prepared, the question nay already be answered.
 

Almost all census publication maps are small

scale maps. The census area identification
 

maps generally will be compiled from greatly
 
reduced enumeration maps. The census area
 

identification maps, stripped of their letter

ing, can be used as base maps for publication
 

maps. For statistical maps for the country
 
as a whole, an equal area map may be prepared
 

by the NSO or a national mapping agency.
 

5.4 Pencf and ink ctating
 

In the actual process of drawing, the
 

maps may be sketched in pencil first and later
 

inked. This will be done if the map is being
 

copied from a map of larger scale by the use
 

3f a reflective projector, p:ntograph, or by
 

the use of a prepared grid. It is prefer

able to reduce the map by photography to the
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desired drafting scale, then to trace the lines 

directly in ink from the photocopy, 

When a census area identification map is 

based on enumeration mans of much larger scale, 

it may be necessary to make a pencil tracing of 

only the map features to be shown th fiai 

identification map (shorelines, boundaries, and 

names or numbers of census areas). Then, by a 

series of photographic reductions, the copy can 

be brought down to the size of the desired final 

map. At that point, the copy can be traced in 

ink as a final map. When the map is traced, the 

map frames are drawn first, then the lettering, 

followed by the shorelines and boundaries. The 

lettering is done by hand or with lettering 

guides before most of the line work is done, 


since lettering generally must ',;terrupt some 


lines. The same is true for rub-on or stick-on 


lettering, 


For :!t.atistical maps, the base map is 


prepared first. Symbolization in the form of 


shading, dots, circles, and the like is added 


last. Lettering is not often used on statis-


ical maps except in the title and legend. Any 


-nading may be drafted, or use may be made of 


--pure lOb. J7!PRIN-EZ ' 

00 0000000
 
'' 


preprinted patterns of lines, dots, etc., on
 

plastic film with adhesive backing (see figure
 

LOb). These film sheets are placed on the 

area to be shaded and pressel down lightly. 

The excess is removed, then the film sheet is 

rubbed down firmly. The careful selection of 

these patterns is a part of map design, as are 

any ink-drafted patterns (refer to chapter 9). 

5 Sbbi 

Scribing is an engraving technique that
 

now is being used in mapping as an efficient 

method for producing line drawings. A nega

tive image is made on coated material, whereas 

in ordinary drafting a positive image is pro

duced by drawing with pencil or ink. Because 

the scribed image is generally in negative 

form, the process is referred to as negative 

scribing. 

Since the mid-1940's, when scribing was
 

introduced to mapping, the technique has been
 

improved continually by the development of
 

stable-base film, good scribable coatings, and
 

dependable scribing instruments. Scribing has
 

been adopted by many mapping agencies and by
 

many commercial map makers to rep lace ordinary
 

drafting because of the substantial time saved
 

in preparing map copy, better quality of line
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processing steps, and simpler correction and
 

revision.
 

In scribing, a composite pencil or ink
 

drawing is made of the map. This drawing is
 

then photographically reproduced on a sensitized
 

scribe coat film; at the same time, it is re

duced to the scale selected for publication. The
 

selected features on the scribe coat are then
 

scribed with the proper instrumrnLs taking care
 

that the correct lineweight and symbolization
 

chosen in map design are followed. With the
 

availability of pin registration, the map can
 

be produced, if desired, on several plates and
 

put back together in a composite negative (see
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section 7.36). Reproduction on several plates 

may be desirable if the map is to be printed 

later in different editions 
.for example, with 

or without certain boundaries, boundaries printed

in different colors, etc.) 
 The lettering plate 

must be separate, because there is 
no efficient 


method of scribing lettering. 
 If scribing is
used, lettering almost always will be done by
the stick-on or 
the photo reproduction method. 


5.6 Letteti,
1 


Lettering plays such an 
important role in

the appearance of maps and graphs that
for near perfection in construction and place-
the need 


ment of lettering is emphasized. The lettering 


establishes the initial impression of the work. 

Slight imperfections that might not
are quickly detected mar symbols
in lettering, 


5.61 Size.--Lettering on census area 
iden-
tification maps is necessary to 
identify areas 

or boundaries or both. 
 In many cases lettering 

is difficult to apply, because the words are 

long and the spaces on the maps are 
limited. The 

size of the lettering will depend on the size of 

the areas to be named. Also, if more 
than one 

type of administrative 
area is to be identified
on a map, the more 
important divisions should 


receive larger lettering than the less important
 
divisions. 
In any case, the smallest lettering

should be clearly readable in its final printed

form and each name should refer unmistakably to
 
the feature or area it designates.


5.62 Placeneat.--If the lettering refers
 

to an area or a city, it sitould be horizontal. 

Horizontal on a map means parallel to 
the par
allels of latitude whether or not the parallels
 
are shown. 
 For very small areas where it is im
possible to place all the letters horizontally
 
or to 
use abbreviations, 
names may be hyphenated
 
or be angled upward from left 
to right. As few

variations as possible should be used so 
that 

the finished map will appear to have followed 


a consistent plan. 
 If it is impossible to fit
 

the lettering into the spaces, and if the scale
 
of the map cannot be enlarged, an inset map for
 
part of the area may be the solution. Or numbers
 
may be used to correspond 
to names, in which
 
case the names and identifying numbers should
 
be listed in the margin of the map.
 

Lettering for an area 
should be centered
in the area to which it 
refers. 
 The best place
for a city name is centered under its symbol;
 
the second choice is on the right, and the
 
third choice is above the symbol. If it must
 
be placed 
to the left, 
it is advisable to 
put

avoid running into the symbol when the length
 
of the name is miscalculated in hand lettering.
 

it above or below the city symbol in order to
 

of 
 aes miscalculatedi 
 hand e
he water if p die.
Na e d in o Lettering
placed 
in tihcwater if possible. Lettering
for boundaries 

should always follow the trend
 

of the boundary feature and be placed above
 
the line. The let,,ering that identifies
 
vertical boundaries should always be readable
 
from the right side of 
the map and all other
 
lettering from the bottom of the map. 
 See
 
figure 10c for illustrations of scme of these
 

rules.
 

Figure 1oc. 
 PLACEA!EAT 
 OF LETTERING
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Fiauat 10d. SELECTS") JYF, JLES A.,NSIZES 

ACTUAL SIZE 75% OF ACTUAL SIZE
 

Type Style- Directory Type Style- Directory 
ABCDEFGH IJKLMNOPQR STUVWXYZABC DEFGH IJKLMNOPQR STUVWXYZ abcdefghijklmnopqrstuvwxyz 1234567890 

abcdefghijklmnopqrstuvwxyz 1234567890 

Type Style- Mid-Century 

ABCD EFGH IJ KLMNOPQRSTUVWXYZ
 
abcdefghijklmnopqrstuvwxyz 1234567890 

Type Style - Modern 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 

abcdefghijklmnopqrstuvwxyz 1234567890 

Type Style - Liaht Italic 

ABCDEFGHIJKLNOPQRSTUVWXYZ 

abcedfthijk mnopqrstuvwxyz 1234567890
 

Type Style - Letter Gothic

ABCDEFGHI JKLMNOPQRSTUVWXYZ 

abcdefghi j klmnopqrstuvwxyz 1234567890 

5.63 Stvle.--The lettering style chosen 


for maps is a very important aspect of map de-


sign. Types of lettering highly effective in 


advertising, book, and decorative work might 


he a poor choice for maps. Lettering styles 


on maps should be reasonably simple to avoid 

calling attention to their design. They must 

be legible and open enough to reproduce well by 

the lithograph process, yet not so bold as to 

over..helm adjacent types or to cause spottiness 

on the map. Lettering styles should blend in 

reasonable harmony when mixed, 

If the lettering is done by hand or with 


lettering guides, the choices of lettering 


Type Style- Mid-Century 
ABCDEFG HIJ KLMNO PQRSTUVWXYZ 
abcdefghijkmnopqrstuvwxyz 1234567890 

Type Style - Modern 
ABCDEFGHIJKLNMNOPQRSTUV WXYZ 
abcdefghijkhnnopqrstuvwxyz 1234567890 

a -...'.S.a 
a 123.4567890 

50Z OF ACTUAL SIZE
 

Type Style- Directory
ABCDEFGH IJKLMNOPQRSTUVWXYZabcdelghijklmnopqrstuvwxyz 1234567890 

Typo Style- Mid-Century
 
ABCDEFGHIJKLMNOPORSTUVWXYZ 
abcdefghij Imnopqrtu- yz 1234567890 

Tyle , - o,
A SC DEFGHIJ KLMN OPQRST UVWXYZ
bdgk.qr.t-v. 1,345,89o 

styles are very limited. While the plain let

tering produced with lettering guides may be
 

adequate for many census maps, this technique
 

may fail when very small letters are needed.
 

Then, unless the map is drawn at a much larger
 

scale than normal, the lettering will be too 

large to fit into the proper space on the map. 

Accordingly, much lettering is now done with 

preprinted words on plastic adhesive film 

(SL'-k-, ) type specially prepared for the map 

in hand. With this technique, it is possible 

to select ;ny different style, and sizes of 

type (see f. ire 10d); they are usually avail

able in light, ",edium, or bold forms with 
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italics to match. Also, some type styles are 


available in condensed form; this makes the 


lettering easier to fit into small areas. 


Stick-on lettering may be ordered from 


special commercial printers in many parts of 


the world. If materials and a photographic 


laboratory are available, stick-on lettering 


can be prepared at the NSO. Typewritten copy 


can be photographed and contact printed on a
 

special translucent stripping film. When the 


underside of the resulting sheet copy is then
 

waxed (using a waxer), it is ready to apply 


to the map. 


z5.7 CotoA sepoAation ajid z 

In preparing maps for color printing, a 


separate d-awing mtt be made for each color, 


For large areas of color, such as water or the 


shadings of a choropleth map, the use of open 


windw negatives is required. This is most 


often accomplished by the use of sensitized 


coated film on which an area or areas to be
 

shown in the same color are opened up by peel-

(See
ing off the desired area with a knife. 


section 3.5 of chapter 9 for a more detailed 


description.) 


Black and white maps may also be prepared 


in the sae manner by using a separate drawing 


or window negative for each different black and 


white shading. Photographic screens with dif

ferent shadings and different patterns can be 


used with the window negatives to produce the 

In
 

final 	negative for the printing 
plate. 


effect, the screens are used to produce shading 


that is similar to that obtained by applying
 

shading patterns on plastic adhesive-backed 


film to a one-sheet drawing. There are some
 

advantages to producing black and white shaded 


maps by using separate negatives. It takes 


less time to peel than to apply adhesive-backed 


patterns; moreover, the final product usually 


has fewer imperfections, 


6. EVITING ANV VERIFICATION
 

Suggestions for editing and verifying the
 

drafted enumeration base maps were covered in
 

chapter 6. For publication maps and graphs,
 

some different operations are involved. It is
 

recommended that the personnel who set up the
 

instructions for publication maps be responsi

ble also for editing and verification.
 

6.1 Imponta.ce o 'teview of pubfication vmaps
 

It is an expensive operation to produce
 

graphics 'rom collected statistics and print
 

them in large quantities. Therefore, this
 

operation requires systematic and thorough
 

review, often at several stages in order to
 
':oduce reliable results. An editor-verifier
 

should be thoroughly familiar with (a) the
 

established drafting standares, (b) the normal
 

techniques for producing illust:ations in the
 

various media, and (c) the practices followed
 

by the drafting staff.
 

6.2 	 Steps in editing-veriying pubfication 
maps 

When a drawing or illustration is to be
 

checked, a copy should be made. On this copy,
 

the ed'tLr-verier Lan note any corrections.
 

Thus the original drawing does not have to be
 

marked up or handled unnecessarily. When thE.
 

draftsman has made the corrections on the oriA

inal, 	the editor-verifier can compare it with
 

his annotated copy to be sure that all of the
 

corrections have been made. If there are
 

further errors, he can use a pencil of a dif

ferent color to indicate them on his copy. This
 

editing procedure refers primarily to line-type
 

black and white drawings, but a similar system
 

should be applied to drawings of all types.
 

In order to do a thorough job, a check

list of questions is suggested. With some
 

adaptation, the following may be applied to
 

most drawings.
 

http:Imponta.ce
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First, ask whether the drawing fits the 


overall requirements. For example: 


(1) 	Will the drawing reproduce? Will it be 

possible to make prints or other copes 


from 	 it? 

(2) 	 Are the lineweights such that they will 

reproduce well? 


(3) 	Does the drawing meet standard require-

ments for format? Is the size correct?
 
Are the headings and legends properly 
placed? 


(4) 	Has proper reference been made to source
 

materials? 


(5) 	Does the drawing carry the correct identi-

fication or code number? 


Then 	consider whether the proper methods 


of represeniing the area have been used and 


whether the drawing shows that area and its 

subdivisions. 


(1) 	Is the projection the proper one? 


(2) 	Is the drawing adequate to clearly show 

all tile information necessary, and is
 
the material arranged properly? 

(3) 	 Are lines and symbols consistent with 
standard requirements? 


(4) 	Is the proper drawing scale used? Is
 

that scale properly indicated on the 
drawing. 

(5) 	Do the dimensions agree with the original 

layout or information? 


(6) 	Is there enough information shown so that 


the map can be understood? Note that in
formation (such as names) should not be
 

repeated unnecessarily; there is danger 

that a correction will be overlooked 

for a name that is duplicated, 


(7) 	Are all necessary explanatory notes given 


and are they properly placed? 


(8) 	Are all figures and letters properly 


formed? 


(9) 	Are standard terms and standard abbre-


viations used? 


7. MATERIALS ANO EQUIPMfENT 

Good materials and adequate equipment are 

necessary if quality maps are to be produced.
 
The size of the operation will greatly influ

ence what equipment is necessary; this in 
fft what materials are needed. A 

turn may aec 
larger or more populous country is likely to
 

need 	more maps; unless more efficient equip

ment 	 is used, it will take more time and staff 
to do the work.
 

7. 1 	 B5sc consdc ,.Oit.. 

There are several basic considerations
 
which the NSO should take into account wien
 

they 	are planning the drafting operation-, for
 

the census mapping program. The considerations
 

are 	important even when drafting is an ongoing
 

activity.
 

7.11 Space.--Draftsmen need ample space
 

because they are working on large documents
 
ard using a variety of large source materials
 

simultaneously. Each draftsman shoulc have 

an effective working surface of at least 2 

square meters, plus space to store his equip

ment 	securely and to keep his various refer

ence 	materials. The minimal floor area is 
at least 6 square meters per draftsman, not
 

including walkways, central files, central
 
material storage, or other common area. A
 

total of 14 to 18 square meters per drafts-


T 
The space must be well lighted, clean, dry, 

and equipped with adequate electrical outlets.
 

A dangerous intertwining of extension cords
 

should be avoided. It is desirable for each
 

draftsman to have his own light source. if
 

possible, the work area should be close to the
 

central map files for ccnvenienre in moving
 

drawings, map packages, and other source mate
rials. Also, it should be clos e to the central 

(10) Does the map or graph accurately represent
 

the statistical data on which it is based? storage area for materials.
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7.12 Availability and applicability of 

existing equipment.--If equipment is available 


from earlier operations or other agencies, its 


use should be considered. However, the plan-


ners nust consider whether they could get the 

drafting job done faster and cheaper using new 

equipment; the older eqv.ipnent could cost more 


to use in the long run. The entire range of 

possible types of equipment, procedures, and 


materials must be considered before a final 


decision is made. 


7.13 Resources.--Resources ultimately are 

financial. 
How much money is available for the 


drafting operatiop? Is available space usable? 


Should it be renovated or should new quarters 

be built? The same questions may be asked 


about equipment. The desirability of the vari-

ous options must 6- calculated and measured 


against their cost and the resources available, 


The situation in each country is unique to 
a 

large degree, and there is no simple answer to 


these questions. However, these are 
points 


that NSO planners must consider in preparing 


for a successful census. 


7.2 At eA 


The quality of drafting media is very im-

portant. A draftsman using good materials may 


not always produce good work, but a draftsman 


using poor materials will never produce good 


work. For example, a draftsman should never 


try to do a finished piece of work on 
paper 


that has a grain in it. 
 The grain will usually 


show up on the contact prints of the drawing, 


because it affects the evenness of the flow of 


ink onto the paper, creating an uneven line.
 
Drafting media in general use are described in 

the following paragraphs.
 

7.21 Drawing and tracing paper, cloth, 


and film.--Drawing paper varies in quality. 
The 


highest grade has a smooth finish and withstands 

ink erasures without damage to the finish. 
 Low 


grade paper may be satisfactory for pencil work 


of a temporary nature. 


Vellum is white or slightly tinted and may
 
be transpdrent or translucenc. 
 The more trans

parent vellums are used as tracing papers.
 

Formerly, they were 
used almost exclusively for
 

the ink tracing of pencil drawings made on
 
opaque papers. Transparency was the prime re
quirement. 
 Today, the usual drafting practice
 

is to develop the master drawing directly on
 
transparent paper from which positive reproduc

tions can be made, thereby saving the time,
 

expense, and checking involved in the tracing
 

process. Therefore, in addition to good trans
parency, the modern high-grade tracing paper
 

must be able to withstand repeated erasures,
 

take pencil marks well, and be strong enough
 

to withstand considerable handling. 
The paper
 

should retain these qualities for a long period
 

of time to avoid the necessity of recopying
 

either manually or photographically. Natural
 

tracing papers have properties which depend on
 

weight, method of manufacture, and raw material.
 

If made of rag, they are usually fairly strong
 

for their weight; also, they are permanent but
 

not transparent. If natural papers are made
 

with high transparency, they usually possess
 
only moderate strength and are recommended for
 

sketching purposes where permanency is not a
 

factor. Transparentized or prepared tracing
 

papers have been strenQ;'hened and further im

proved by means of a solid, stab1t, synthetic
 

resin which iq permanently blended into the
 

thicker paper to 
give it higher transparency.
 

Tracing cloth is a finely woven fabric
 

which is coated heavily with a starch-like com
pound and rolled to produce a glossy surface
 

on one side and a dull surface on the other.
 
The dull side is intended as the working side,
 

because it takes ink more 
readily, and it can
 
be worked on with a pencil when changes in the
 
drawing are necessary. Cloth combines the
 

advantages of transparency, surface quality,
 

strength, and permanence. It can withstand
 

repeated erasures without major loss of surface
 

quality, and aging does not materially affect
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its drawing and reproduction qualities. Though 
paper may be better than cloth in one or more 
of these characteristics, paper does not equal 
the combined advantages of cloth. The so-called 

linen cloth is actually cotton cloth with starch 
to give a surface that takes pencil and ink, and 
makes the cloth transparent for tracing aod re-
production purposes by penetrating the sp~act

between the fibers. 
 Tracing cloth is becoming 


more difficult to obtain since it is rapidly 

being replaced by film plastic. 

The most recently developed drafting mcHium 
is polyester-based film. This hasfilm natural 
dimensional stabilicy, great tearing strength, 


high transparency, high age and heat resistance, 

and is nonsoluble and waterproof. The polyester 


film has a matte surface on one side which ac-

cepts ink or pencil. A major use of the figi 

is to serve as 
an overlay for lettering, 


As indicated in the preceding paragraphs, 


there are many qualities to be considered in 

selecting a drafting medium for the job at 
hand. 

The-.: -..
,clude a consideration of whether the 


meditm is designed to 
take ink or pencil or 

both. 
 The color, the visual transparency, and 

the suitability for the reproductive process 


must be considered; the master copy must 
be 


transparent if the diazo process is usel. 
Also, 

the strength, erasability, permanence, and the 

dimensional stability under varying conditions 


of temperature and humidity must be considered, 


Dimensional stability is of particular concern 


for color separation drawings and open window 


negatives. Dimensional stability, which is very 
important, is the degree to 
which a material 

will remain the 
same size or will not expand or 


contract more in 
one direction than 
in another. 


Drafting material is available in rolls, 

in sheets, and in pads. 
 Typical roll lengths 

are 18 and 45 meters (20 and 50 yards) and 
typical widths vary from 60 cm to 135 cm in 
increments of 15 cm (24 inches to 54 inches 
in increments of 6 inches). Sheets generally 

must be ordered; however, supplies of some of 
the popular sheet sizes oftenare available. 

"rhese items are now more widely available
 

throughout 
 the world than ever before. 

7.22 Scribi~ngaterials .-- While various 
base materials have been used for scribing 
Cincluding glass, thermally set plastic, black 
thermoplastic, and vinyl), only polyester film 
is now used for most scribing work. Scribing 

material is made by covering polester film on 
one side with an opaque emulsion that can be 
either cut to permit light to pass through
 
lines or peeled or scraped to permit light 
 to 
pass through areas or "windows." In some cases
 

an 
emulsion may be sensitive to light or chem
icals; this permits the lines or areas to be
 
made by washing off the emulsion after it has
 

been exposed, as with photographic or diazo
 
film. This technique can 
be used to produce
 

either positives or negatives.
 

Polyester film, which is 
an extremely
 

tough material with good dimensional stability
 
under a wide range of heat and humidity con

ditions, has eliminated breakage and tearing
 
problems. 
If the hard film surface is pene
trated, however, the scribing point will dig
 
into the material; thus the scribing touch is
 
rather critical, but presents no real problem
 

once 
the scriber acquires a "feel" for the
 

material. 
With the proper touch and correctly
 

sharpened points, the scribe coating is removed
 

cleanly; 
in this respect, it is a distinct ir

provement over other materials, including
 

vinyl. The film is available in various thick
nesses from 0.006 cm to 0.025 cm 
(0.0025 to
 
0.010 inch). The 0.019 cm (0.0075 inch) thick

hess is generally used for color separation
 

scribing. 
The most widely used polyester
 

films are scribe-coated sheets in rust, 
white

on-rust, and yellow.
 

Although sensitized sheets are available 
commercially, sometimes an existing supply of 
sheets can be sensitized in the office. The 
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sensitizer may be applied to the sheets in a 


whirler, or by rubbing, flowing, or swabbing. 


Expansion and contraction characteristics 


of base materials differ. Therefore one type 


of base material, preferably polyester film, 


should be used from manuscript stage through 


press negative stages to improve registration 


(see section 7.36). 


Strip-coated polyester sheets, which can 


be peeled, are used principally for preparing 


area pattern and tint color separation plates 


for publication maps. When the deep-etched 


chemical process is used, the film is first 


sensitized with a deep-etch sensitizer, then 


exposed to the original copy, developed with 


deep-etch developer, and finally etched with 


alcohol. Exposed and developed areas are re-


moved with water, after which the coating can 


be peeled from the desired area,. Thc out-


lines of areas to be stripped also can be cut 


with a swivel cutting knife, if the chemical 


etching process is not to be used. Another 


commercial type of strip coating, which is 


transparent, is designed for cutting only. 


Commercial coatings, when they become old, 


sometimes break away from the base. This draw-


back can be partially overcome by coating the 


etched sheet with a flexible transparent paint 


which seals the edges of the etched lines. An 


even better safeguard is the preparation of a 


contact negative of the strip-coated negative 


when it has been completed. 


After considerable experimentation, the 


colors of coatings have been narrowed to yellow, 


rust, and red for scribing plates that are to
 

be processed directly to the printing plate. 


Several colors, presumably easier on the eyes, 


were discarded because they were not opaque 


enough for press plate work. (To satisfy scrib-


e's that the red and yallow coatir.gs were not 


injuiious to their eyes and that the scribing 


operation in general was not detrimental to 


their health, medical studies have been made;
 

these have found no cause for uneasiness.)
 

7.23 India ink.--India ink came originally
 

in the form of small cakes from which particles
 

were rubbed into a small container and diluted
 

with water. This ink in older times came from
 

India--hence the name. As sold today, it is
 

already dissolved. It consists of very fine
 

carbon particles (lampblack) suspended in a
 

liquid composed of various ingredients. Thif,
 

liquid has the same specific gravity as the
 

carbon, and thus the carbon does not settle.
 

India ink is deep black, has excellent photo

graphic qualities and, when dry, is waterproof.
 

It dries quickly for fine map work.
 

Whpn not in use, ink bottles must be kept
 

closed to prevent evaporation. It is advisable
 

to biy a large bottle and fill a small one that
 

can be washed and refilled every few weeks.
 

This is better than adding water, which spoils
 

the ink.
 

7.24 Reproduction white.--There are sev

eral mechanical aids available for correcting
 

ink drawings so that they may be suitable for
 

reproduction. Unnecessary ink lines can be
 

removed by (a) painting them over with repro

duction white; (b) scratching them out with a
 

razor blade; or (c) erasing them with an ink
 

eraser. The fastest method is the use of the
 

opaquing liquid called reproduction white; it
 

is applied with a fine sable brush. Repro

duction white, even in a thin layer which is
 

semi-transparent to the eye, has the quality
 

of preventing photographic reproduction. It
 
cannot be used, therefore, when contact prints
 

will be made since the master copy must be
 

transparent.
 

7.25 Pattern prints on adhesive-backed
 

clear film.--Adhesive-backed transparent films
 

that are preprinted with small dots, lines, or
 

other patterns are available. The selection
 

of the patterns depends on the effect desired
 

http:coatir.gs
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and the amount of reduction that will take 

place through the reproduction stages. First, 


a drawing is made with pen and ink. All pencil 

lines must be removed and all corrections made 

before the adhesive sheet is applied. The 
pattern is pressed on the drawing where the 

tone is desired; then a razor blade or a knife 
with a sharp pointed blade is used to remove 

the sheet from the areas where the tone is not 

wanted. 

7.26 Lettering on adhesive-backed clear
 
film.--Lettering, words, and point symbols on 

adhesive-backed film ari.
also available. These
 
are cut out, placed on the copy, and pressed 

down. In another process, the letters and 
symbols are rubbed directly onto the copy; the 

ink, which contains an adhesive, transfers to 

the paper and the film sheet is removed. 

7.3 EquiLrciAtL 

Equipment and inst ients of good quality 

should be purchased so that good workmanship 

is made easier. The costs for initial equip

ment and instruments can be considered a cap

ital investment. Catalogs are available from
 

manufacturers that give sufficient 
 equipment 

information. An attempt will be made in this
 

chapter to select and discuss the more basic 

types. 

7.31 Drafting tables and related equip

ment.--Drafting tables 
are available in var

ious sizes and styles and with various arrange-


ments of drawers. A useful adaptation is the
 

rack and shelf added to the drafting table as 

shown in figure WOe. The drawing paper can 
be moved freely under the shelf and can hang 

down on the outer side. The frame at the 

back permits attaching large reference maps 

and the shelf holds small reference material, 

books, atlases, field sketches, and photo

graphs. 

A drafting table can be constructed with 

1-inch plywood or a drawing board which is 

generally made of white pine, basswood, or some 
other soft wood. It should have a smooth top
 

surface and a straight working edge at the side.
 

Sometimes a drawing bocrd on a regular
 

table 
or desk is used. In such instances, it
 
is raised on wedges placed under the 
 board so
 

that when 
 the board rests on a table, the draw
ing surface slopes towaid the draftsman. A 

recommended maximum slope is 
1 ye' cal unit
 

to 8 horizontal units.
 

It is common practice to cover drawing 
boards, especially the larger and more expon

sive ones, to ensure cleanliness, to protect 
them against nicks and scars, 
and to provide
 

a resilient surface for pencil drawings. A
 
desirable drawing board cover is made of some 

material that will lie flat with a minimum of 

Fiuro 10L. DRAETIIIG TABLES 

Rack
 

Shef
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folds or wrinkles. It should have enough body 


to provide protection; it should not be too 


hard or too soft; and it should be strong
 

enough to withscand considerable use. If it
 

is too hard, a drafting compass needle point
 

will not penetrate it, and the compass will
 

not hold its position. If it is too soft, it
 

will become grooved and will scar quickly.
 

Manila paper is commonly used to cover draw

ing boards. There are, however, papers on the 
market with a high gloss waterproof finish on
 

one side which will withstand many cleanings.
 

More light is required for drafting than
 

for normal administrative office work. If over

head lighting is insufficient, lamps should be
 

obtained for each individual drafting table.
 

The most popular drafting lamp is the floating
 

arm type of fluorescent fixture which clamps 

onto the desk or drafting table. 


Drafting surfaces shoild be at a comfort

able height for the draftsman to work while 

standing. This is usually about I meter (36 


to 40 inches). A stool should be provided.
 

It should swivel (turn freely), have a low or
 
adjustable backrest, and a foot ring, and be 


adjustable in height from 70 to 85 centimeters 


(28 to 34 inches) as illustrated in figure lOf. 


Fbigure 1Of. STriEL STOOL 

,.2 

Figure lOg. DIAGRAM OF LIGHT TABLE
 

Glass insert
 

I Glass top 
/ L_____
 

I Tube light 

I 
Reflector
 

7.32 Light tables.--A light table, or 

tracing table, has a frosted glass surface and 

lights (preferably fluorescent) under the glas 

(shown in figure 10g). The better tables have 

switch mechanisms that allow the user to vary 

the light intensity. The light table, like 

the drafting table, stands about 1 meter (36
 

to 40 inches) from the floor and is the most 
used table in a map drafting room. It is an 

absolute necessity for scribing or for making
 

tracings from originals on opaque material.
 

7.33 Pantograph.--The pantograph is an 
instrument for copying drawings to the same,
 

a larger, or a smaller scale. There are a
 

number of different types of pantographs, but
 

the principle governing them all is the same.
 

It consists essentially of a sybtcm of bars
 
pinned together in parallelogram form (see
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Tracing 
P in 

SPencil or 
S -n....ninking pen .. / i )" 

....Reduced 
-

.. .1 
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m eimagebypaigtltr 
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Base 

figure 1O). Holes are provided in the arms 

at certain 

instrument 

duction or 
nay be made 

measured intervals so that the 

can be set to give. a ratio of re-

enlargement. Tho founr arms. which 
of either wool o'r :~t:', , ire joined 

at four points. The 1oCatin,, of the tracing 

point relat ive to, tile penc! 

the amount of reduction or 

use of a pantograph is less 

accurate than peto.raphv', 

mathod when pot ograph.- is 

foIo:r con trols 

enlargemaent. The 

efficient and 

but it is a good 

not available or 

when onlyv a si,-.i ! section of a map is to be 

copied. 

7.34 Planimeter.--A planimeter is an in

strument used for measuring areas on mps. It 

is used when the shape is irregular since the 

operator can determine the size of the area by 

tracing the boundary. There are several types
 

of planimeters, some desicned for very specific
 

purposes, such as the radial pilanimeter, but 


Lhe one most available and best known is the 


polar planimeter. Its function is to deter

'ir'u. l01. FPOLAR PLAi7IL."TE 

Pole 

mine areas (in uni.ts of wheel revolutions) with 

one simple tracing operation. Tile planimeter 

is supported an the paper at three points--the 

anchor point or pole, the wheel, and the tracing 

point (see figure lOi). The measurement is made 

by placing the tracing pin at a convenient point 

on the bound&ry of the area to be measured and 

recording the reading on the wheul. Then the 

tracing pin is carefully guided a round the en

tire boundary of the area to the start ltg point 

and another 

between the 

the area. 
may be used 

7.35 

reading is recorded. The difference 

two readings determines the size of 

The average of several measurements 
if more accuracy is desired. 

Reflective projector.--The best re

flective projector projects an image onto a 

horizontal 

or ink the 

surface. 

it can b. 

surface. The draftsman can pencil 

image directly onto his drafting 

The projector ,:an be hand-made, or 

a fine piece of manufactured equip

ment with high-quality lenses available at high
 

costs (see figure 10J). In equipment of this 

Fig.arc 10J. REFLECTIVE PJ;ECTOci' 

c 
-

p ,, 
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kind, light rays are used to 
transfer the pic-

ture from a reflective surface to either an 

opaque or translucent surface. 
A projector is 

particularly useful for enlarging and driwing 

images dizectly from air photos. 
 These pro-

jectors are 
limited, however, to enlargements 


or reductions of 
four or five times. Reflec-


tive projectors are very useful for copying 


work that requires limited enlargements or re
ductions, but they lck the versatility and 

efficiency of cameras, 


7.36 Registration punch and pins.--When

ever two or more tracings or negatives must be
 
registered to match each other, it is necessary
 
to use a registration punch and pins. The prin-


cipal use of registration is in color separa-


tion work, but it is also required for black
 
and white work if two or more drawings are used; 


for example, a drawing with boundaries of the 

administrative areas and an overlay with the 

names of the areas. 

A registration punch is 
a precision 'iece
 

of equipment that punches two or more holes in
 

P"fiourc 10k. AEoIs6"2JvV HOLE A PINS 

-_-Tape 

Registration 


Registration hole 


a complete set of perfectly matched file trac
ings, negatives, or positives. 
With a regis
tration punch are separate registration pins
 

that perfectly match the diameter of the holes.
 
After the original work has been punched and
 
separated, it may be put together again in
 
perfect registration by using a pin iLjeach
 

hole (see figure 10k).
 

7.37 Filing equipment.--Map cases are
 
available in steel or wood and in assorted
 
sizes. The features one should look for in
 a map 
file are: drawers large enough 
to hold
 
[nest maps without folding; shallow drawers,
 

no more than 6 to 7.5 
cm high (2 to 3 inches)

(thicker stacks of maps become unwieldy and
 

heavy); drawers that 
ride on rollers and lock
 

units thant fit on 
top of each other and lock
 

t sgth a fi t top hat oh e o k
together; and smooth tops that provide work
 

space (see figure 1fe).
 

If map drawer units are not available,
 
open stacks can be built that will serve rea
sonably well. Map 
stacks must be strongly
 

built to carry the weight of paper when sheets
 
are stacked together in piles.
 

7.4 litstlwiient5 

Few skilled workers can do a good job with
 
poor tools, and draftsmen are no exception.
 

Drafting instruments and equipment should be
 
well made and should be kept in good condition.
 

A competent worker will do better work if he
is furnished proper instruments and good mate

rials. Since such workers know the importance 

of good equipment, they will make every effort 
to keep them in good condition. Each i:tru

ment and piece of equipment is designed to do
 
a certain job, and should be used 
to do the
 
job for which it was designed. A good set of
 

drafting instruments will last a lifetime if
 
given proper care. 
 There are a few basic rules
 

for the care of equipment:
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(1) 	 Have a place for each piece of equipment 

and keep it tcrt *.,7 n not n us. 


(2) 	 Keep all instruments in their cases when 

they are not in use. 


(3) 	 Ee p pens clea. 

The basic c-iuipment for most drafting 

astgnmunts cons;ists of a drafting table or 

board ajith.;traight working edge on at least 

one side, a T-!;quare, a set of triangles, 

scales, pencils;, ink, a protractor, an eraser, 

curves for drawing irregular curved lines, and 

a set of drafting instruments. Each instrument 

set should include ruling pens, drafting cm-
passes, and d ividers . Special instruments ar 

requiren for mre complicated drawing. V.I1' 
draftsmen prefer to ,,,'e free-flowing pens ,n.

stead of ruling pns. They have some definite 

advantages for drafting EA maps. 

7.41 Pencils.--The selection of a grade 

of pencil lead is to some extent a matter of a 


draftsman's preference. The 18 grades of pen
cii lead, from 911 (hardest) to 7B (softest), 

may be broadly divided into three general 
categories as oilws: 

911 to 411 .......... hard
 

311, 2H, F, 1..m~dium 
B to 	 7B ........... soft
 

In general, the harder leads are used more 

for precision drafting. The medium lead is used
 

for general. purpose work, for tracing, and for
 

lettering. The softer leads are ordinarily
 

used 	 for shading. 

The standard leads that are referred to
 

above are used primarily on paper and cloth, 
although they may be used also on drafting film.
 

However, there are pencils now on 
the market
 
that 	are designed specifically for use on film. 
Since the grade designations vary by manufac

turer, it is necessary to check them carefully 

before making a selection. 
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7.42 Erasers.--Many types of erasers are 


available. There is a rubberless vinyl eraser 


for use on films and cloth. Ordinary pencil and 


ink erasers are used on cloth and paper; these 


vary in softness--the softest are usually red, 


and the hardest are usually white. Then there 


are gum cleaning erasers. To clean finger marks 


or smudges from the surface of the drawing pa-


per, a gum eraser is recommended. A hard eraser 


should not be uaed to erase pencil lines, since
 

it will damage the surfac± of the paper. To
 

remove eraser crumbs from the drawing after 


each erasure, use a dusting brush. 


Many draftsmen also use kneaded erasers. 


These are made from synthetic rubbei or plas-


tic and may be kneaded in the hands to form 


a fine point. They have the advantage of 


leaving few crumbs on the drawing and can be 


used to pick up graphite dust, rather than to
 

rub it off. 


An electric erasing machine is a time-


saver when there is much erasing to be done, 


but it is hard to use on paper without dam-


aging the surface. It has a hard eraser at 


its tip, which revolves very rapidly when the 


machine is turned on. To use it, touch it 


gently to the line to be erased. Any undue 


pressure on the eraser will cause it tc bite 


into the surface. 


The erasing shield is a small plate of 

thin spring steel that has holes of various 


shapes punched out. The open holes in the 


shield make it possible to remove unwanted 


lines without touching other work. Further, 


the sharp edge of the metal cuts away the 


smudged exterior of the eraser permitting a 


clean portion of the eraser to rub against 


the surface of the drafting paper or cloth, 

In addition to gum erasers, cleaning com-


pounds th'sL Lontain pulverized gum eraser par-


cicles may be squeezed onto the drawing from a 


plastic squ.leze bottle. Gum eraser granules 


are also packaged in cloth bags (eraser pads) 


made of a soft mesh. The granules sift throug
 

the bag as it is rubbed over a drawing. The
 

eraser pad also is excellent for pre-cleaning
 

the drafting surface to prevent later soil
 

buildup.
 

Frequently, ink nay be removed more
 

easily from drafting media, especially cloth,
 

by scraping rather than rubbing. This pro

cedure is facilitated by careful use of a
 

steel knife eraser.
 

7.43 Ruling pvns.--The ruling pen is
 

used with a guide for ruling lines of uniform
 

width. It should not be used for freehand
 

work. It consists of two steel blades, called
 

nibs, attached to a handle. The blades are of
 

equal length, narrowed at their tips. A set
 

screw is used for adjusting the distance be
tween the nibs at the tip to correspond to tihe
 

width of line desired. Tightening the screws
 

brings the nibs closer together so that the
 

pen makes a thinner line.
 

The standard ruling pen has an adjustable 

spring blade, flexible enough to r..-mit openinj 

it wide to clean the inside of the nibs. An

other type has a hinged blade, which allows
 

the pen to be opened, cleaned, and snapped bacl
 

in place with the nibs the same width apart. 

This is convenient if there is a long piece of 

work to be done which requires many lines of
 

the sane width.
 

There are several useful variations of
 

the standard ruling pen (see figure 1Om). It
 

can be used for very heavy Lk lines as well
 

as for light lines. The contour pen has blade!
 

attached to a shaft which rotates inside the
 

hollow handle, and it is particularly useful
 

for freehand drawing. The railroad pen has
 

two sets of blades which can be set to draw
 

parallel lines of equal width or of different
 

widths.
 

The bow pen and the pen attachment for a
 

drafting compass are also variations of the
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standard ruling pen. 
 They both are used for
 

drawing circles, and may be adjusted to make
 

circles of different radii. 
 They are filled
 

and cleaned like the ruling pen.
 

7.44 Mechanical free-flowing pens.--

Special pens are available in various sizes 

ranging from 0.13 m. to 2.00 mm, and will draw 
line widths in accordance with International
 
Standard 1503098/1 for technical drawings. A 


number of them are well suited to freehand 


work. These pens are particularly good for 

drafting enumeration maps. They hold a large
 
reservoir of ink and are much easier and 


quicker to 
learn how to use than the ruling 

pen (see figure l0n). 


7.5 T-suares and straihtedges.--The 

T-square gets its 
name from its shape. It 


consists of a long straight strip, called the
 
blade, which is mounted at precise right angles 


on a short strip, called 
the head. The head
 

is mounted under the blade so 
that it will fit 
against the edge of the drawing board while 
the blade rests on the surface. T'-squares 


vary from 0.5 to 2 meters (or from about 18 


to 72 inches) in length, with the 1-meter (or 


36-inch) length being the most common. 

The T-square is used for drawing hori-


zontal lines; it also serves as a base for a 


Fiqure I 'z. FREE-FLOWING DRAFTING PENS 

reservoir-

Ink reservoir 

Changeable points 

wide assortment of 

styles and sizes areavai lable 

Changeable point 

large range of sizes 

available 

triangle when vertical and inclined lines are
 

drawn. Lines should always be drawn along
 

the upper edge of the blade. The T-square is 
moved up or down to position by sliding the 

head along the edge of the drawing board with
 

one hand. 

The T-square should be handled carefully.
 

If dropped, it may be knocked out of true
 

horizontal and vertical set and become useless.
 

The T-square blade should not be used as a 
guide for a knife when cur, ig paper, because 
the knife may cut the edge of the T-square 

blade so it no longer is a straight line. 
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To keep a good T-square true, hang it up 
or lay it on a flat surface when it is not in
 
use. 
 Hang tia,T-square up by the hole in the
 
end of the blade, not by the head.
 

For large drawings, many draftsmen prefer
 
a parallel straightedge to a T-square. 
The
 
parallel straightedge is permanently attached
 
to the drawing board by a system of cords and
 
pulleys so arranged as to give exact parallel
 
motion to the straightedge as 
it is moved over
 

the board.
 

7.46 Triangles.--Right-angle triangles
 

are used in combination with the T-square or
 
straightedge to 
draw vertical and inclined
 

lines. 
 Plastic triangles are preferable to
 

wooden ones because they are transparent and
 
the work underneath them can be seen. 
 The
 
most common triangles have 
two 45 angles or

have one 600 
and one 30 angle.
 

VeLtical lines are drawn by using the 

T-square as 
a base for one of the triangles. 


With the T-square in position, one edge of the
 
triangle is placed against the blade so 
that a
 
second edge is perpendicular to the blade;
 
then the vertical line is drawn along the perpendiular dge.may 


7.47 Drafting machines.--The drafting 


machine combines the functions of a parallel 

ruler, protractor, and scale. 
 Any drafting 

operation requiring straight, parallel, hori-

zontal, perpendicular, or angled lines may be 

performed advantageously with a drafting ma-

chine. It is particularly useful on 
large 

sheets such as enumeration maps. 


Drafting machines are constructed so that 

a protractor head may be moved over the surface 

of a drafting table without change in orienta-

tion; 
it is done by means of a parallel motion 


linkage consisting of two sets of double bars 

with pin-point linkage. 
However, the type of 

drafting machine with two single bars in which 

the linkage is provided by two steel bands 


Figure 10o. DRAFTING MACHINE
 

working against 
one another (see figure 10o) is
superior to one with pin-point linkage because
 
there is less moti,-n. Another type has steel
 

bands enclosed 1:1 tubes. 
 If these bands be
cone loose through wear or 
expansion, the ten
sion may be increased; 
however, such adjust
ments seldom are needed.
 

The protractor head in a drafting machine
 

is a complete circle, marked in 
degrees, to
 

which a straightedge or scale may be clamped
 

at any desired angle. 
 If desired, 
two scales
 

be attached to 
the head at right angles to
 
each other and used as a device for changing
 

scale. A wide variety of scales can be added
 

or removed as desired.
 

7.48 
 Drafting compasses.--These compasses
 
are used for drawing circles or arcs 
of circles.
 
The largest compass usually found in 
a set of
 
drawing instruments is about 15 cm (6 inches)
 
long. The compass legs are hinged at the top
 
so that they can be set 
in any desired position.
 

The leg that has the pencil or pen attached
 
usually has a hinged joint in the middle of
 
the leg. 
 The other leg containing the needle
 
point sometimes han a similar hinged joint
 
(see figure 10p).
 

Pencil and pen are 
interchangeable so that
 
the same compass can be used for either pencil
 
or ink drawings. 
A compass can be obtained
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vents the point zrm zsini n, too deeply into 
the drawing surface. 

The 15 cm (0 inch) compass is satisfactory 

for drawing circles to about 30 (12 inches) 
in diamete. 7'or larger circles, an e::tension 
bar should be provided which ma',be fastened 

onto th~e adjustine; scre,, in the middle 
 of the 

compass; the pencil or pen eg then is attached 

to the end of the extension bar. Two or more
 
extension bars may be used together 
 to make 


larger circles, 


Fr drawing even larger circles, beyond 

the range of the standard compass, a beam 

compass can be used. A beam compass set con
sists of one or more bars 0.5 to 2 meters (18 


to 72 inches) long, a steel needle point, and 

a pen or pencil point. The bars may be of 

hardwood or metal. For drawing very small 
circles, a drop bow compass is needed. This 


is essentially a ruling pen on a swivel that 


can be raised and lowered, 


7.49 Scales or rulers.--The importance 

of scales rulers andor their mathematical 

significance must be emphasized. Once the 

ratio between the actual size of the item or 

area being drawn and the size of the item or 
area as depicted on the drawing has been de

termined, drafting scales (or rulers) are used 

to measure distances onl the drawing. Draftilug 

scales are in constant use, during the draft ing 

opera tions. 

Scales vary in their gradations, style of 
division, shape, and materials of construction. 

The most inexpensive scale is made of yellow 
hardwood. The scales usually used in drafting 

rooms are made of plastic or high grade box-


The plastic scales (less expensive than
 

boxwood scales) have clear, accurate grada
tions. The boxwood scales have white plastic
 

scale faces which are permanently cemented to
 

the boxwood. Boxwood scales are engine divi
ded--that is, the gradation lines are cut by
 
a highly accurate machine. Various shapes of 
scales are available. The triangular type
provides six scale faces.
 

7.50 Curves.--To draw smooth lines that
 

are not arcs of circles, guides are used--' 
French curves, splines, and ship curves (see
 

figure lq). Other guides, such as radius
 

curves, may be used instead of a compass when
 
drawing arcs of circles. 

French curves and ship curves come in a 
variety of shapes and sizes and are made of 
transparent plastic. They are used to draw

non-circular curves, such as ellipses, spirals,
 

and parabolas. Points are 
plotted carefully
 

on a drawing; then the section of the 
curve
 
that fits these points is laid down, and 
a
 

line connecting these points is traced along
 

the edge of the curve. 

Splines are used to make long, smooth,
 

irregular curves. They are made of flexible 

strips of wood, plastic, or metal that can be 
bent to fit almost any long curve or bend. 
Heavy metal weights (called ducks) are used 

to hold the spline in place while the line is 

being drawn.
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Flexible curves may be made of rubber and 


metal and they have a clear plastic ruling edge. 


These curves can be bent to a radius of 7.5 cm 


(3 inches) and may be adjusted to fit more than 


three plotted points of a curve. 


7.51 Templates.--When the same shape or 


symbol is to appear frequently, using a tem-


plate (also spelled "templet") can save much 


time. Most of the templates on the market are 


made of transparent plastic and offer a wide 


variety of shapes, including ellipses, hyper-


bolas, circles, squares, hexagons, and arcs. 


There are special templates for symbols and 


shapes used in drawings. Typical templates
 

are shown in figure 10q. 


Pi.guor IOq. TEM,PLA TED AND CbR VES 

Temppaper. 
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Curves 
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There are templates for various standard
 

symbols. However, if one is not available, it
 

can be made from cardboard, plastic, or lead
 

or other metal.
 

7.52 Lettering guides.--Lettering guides
 

have 	the advantage of ensuring that letters
 

and figures made wLth them will be uniform.
 

Using these guides instead of working free

hand 	produces lettering which is professional
 

in appearance and usually more legible. How

ever, they are a little more time con.;uming to 

use than freehand lettering.
 

7.53 Photographic type setting.--A drafts

man may be called upon to use a photographic
 

process lettering machine. deviceThe produces 

positive copies on sheets of various sizes 
or on 35 mm plastic finished paper. The proc

essing is similar for both the film and the
 

Paper positives are generally pre

ferred for design purposes.
 

7.54 Scribing instruments.--A number
 

of instruments are used in scribing (grav

ing). The following are some that are needed 

when working with the scribing materials de

scribed in section 7.22 of this chapter.
 

(1) Scribing points. Experiments have been
 

conducted with various types of scrib
ing points, such as diamond, sapphire, 
ruby, osmium, carbon alloy, and steel
 
points. Phonograph needles and blade
type 	 cutters have been selected by 
most agencies as standard equipment
 
(although osmium-tipped steel points
 
and some jewel-type points also are
 
used). A steel phonograph needle re
, frequent sharpening, comparedquires 

to osmium, carbon alloy, or jewel
type 	points; however, a steel phono
graph needle is much cheaper, does 
not require soecial handling to avoid
 
damage, and can be sharpened to de
sired specifications without special 
tools. 

(2) 	Angle pen. The finelint, graver in its 
simplest form is a cutting point in a 
pin vise with a pen-like holder. For
 
scribing lines up to 0.008 cm (0.003
 
inches) wide, steel phonograph needles
 
are generally used as they come from 
the manufacturer, but the steel needle
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F#~ ZO,.0' .NT ' It is difficult to start cutting lines 
over 0.05 cm wide (0.02 inches) with a 
round po--at unless the graver is tilted 
slightly in the direction of the intended 
cut when a line is started. The coating 
can be removed exactly at the start of 
the line with a chisel-edged cutter, but 
this type of cutter is good only for 
straight line scribing with a straight
edge, as the citter must be kept at right 
angles to the direction of travel to 
avoid variacions in line width. 

A spring-loaded rigid graver has been 

developed that 
uses a third bell-tipped
 
supporting leg. Scribing pressure is 
adjusted by compressing or releasing the 
spring tension. However, experienced
can be used to scribe a wider line by scribers who have developed. a scribingsimply brushing the tip with a fine "feel" tend to prefer the standard rigid

abrasive paper. This procedure has the graver.

additional effect of improving 
 its cut
ting quality by removing some of the (4) 
 Swivel graver. The swivel graver is apolish. Because it is necessary that the tripod graver similar to the rigid graver.point be vertical wheen scribing through However, the graver point or points area template, and because this position is mounted in a swivel that 
is dragged behind
helpful for other scribing tasks as well, the rigid part and turns freely to follow
fineline gravers have pen-like holders in whatever direction the main part of the
that hold the poi-t in a near-vertical graver is being pulled (refer to figureposition when the graver is held in a lOs). It is used in graving irregularnormal writing position. This design lines. It operates efficiently only whenkeeps the handle out of the scriber's the swivel shaft is exactly perpendicularline of sight (see figure 1Or). 
 to the work surface. Two initial adjust

ments are required to bring the shaft
(3) Rigid graver. to
The rigid graver consists 
 a vertical position. The first is made
of a plate supported by two legs and the with the adjustable leg, and the second
scribing point. 
It has a vertical center by sliding the swivel shaft through the
rib for a handgrip. The graver has an 
' 
 housing and then locking it in position
adjustor (chuck) which permits the 
use of 
 with a beveled nut. 
 Both blades and
several sizes of scribing points. The 
 needles can be used in 
the graver. Blades
adjustor may be raised or lowered 
to 
 are used for both single- and multiple
level the instrument (see figure lOs). 
 line scribing.
 

Fit',. ?. TIJDAD SWT11E, GRAVEJS 

RIGID GRAVER 
 SWIVEL GRAVER
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7.55 Screens.--Screens come in two basic 

types--halftone and tint. 
 The first is used 

to convert continuous tone to varying sized 

dots or lines. The tint screen is a film that 

is interposed betL'een a negative and a sensi-

tized surface to produce a pattern. Those with 

closely spaced small dots or narrow lines pro-


duce 	the illusion of solid gray. 
These tints 

are available in 
a large assortment of patterns 

and percentage tones. 
 The tones range from 50 


to 200 lines per inch; 
tile 133 lines per inch
 
is the most popular in mapping when offset 

printing is being used to 
reproduce tile maps. 


A number of different tint screens may be used
 
in preparing maps for publication in color. 

The use of different tint screens will result 


in varying shades of gray, 
from light to dark,
 
and when used in color :eproduction will give 

different color values. 
 The variation results 

from the use of different size dots on 
each 

tint screen (screen tint). 
 Dots are used in 

combination to 
produce all of the different 

colors needed in the final product. Precision 

pre-angled screens, in which the lines for a 

given color are printed at 
a given angle across 
the film, should he used. 

8. 
FILING ANO STORAGE 


The whole purpose of maintaining a filing 

system is for prompt retrieval of materials.
 
The filing system must be one that allows rapid 

retrieval, is easily maintained, and permits

gr owt h.
 

Most of the matcrials stored will be flat 
map sheets. The best way to keep loose maps 

is to collect them in simple, brown paper 

folders or envelopes, about l- meters by 1 

meter (approximately 48 inches by 36 
inches) 


or a similar size that will fit conveniently 


in the available filing equipment. Each folder
 
can 	 hold 25 to 50 maps. The folders can be 
identified by a number and name label on the 
outside near the edge where it is readily 


visible. 
Each loose map also should be num
bered with the corresponding folder number.
 
The folders should be arranged according to
 
the geographic identification code scheme 'being
 
used in other NSO operations. The drawers of
 
the map files should be marked with these same
 
codes and names. Materials to be filed are of
 

four types:
 

(1) 	Map source materials--all of the avail

able map references
 

(2) 	Compilation copy--all second generation
 

materials and copies of original maps
 
(3) 	Originals--masters and original artwork
 

(4) 	Enumeration maps
 

8.1 
 TpesoA ACeu needed
 

The types of files needed will be dictated
 
by the type and scale of operation. Source
 
materials come in many forms and usually con
sist 	of loose maps, charts, and photos; how
ever, they may be bound in books, pamphlets,
 
and atlases. These materials can best be pre
served in cases and cabinets which permit
 
minimum handling of materials. 
 This is partic
ularly important in storing master copies. For
 
the loose maps and charts, the files should be
 

map cases such as 
those described earlier
 
(section 7.37). 
 Atlases and gazetteers can
be placed flat on shallow shelves, preferably
 

with 	 doors to control dust and to provide 
security. 
 Books and pamphlets 
are mere easily
 
stored vertically on shelves. 
 Photos are nore
t r d v r i a l n s 	 e v s h t s a e m roften required in sets rather than individual
 
prints. 
 If stored in vertical letter file
 
cabinets, they will be most accessible with
 
the least amount 
of handling. References on
 
large sheets of paper in the source map file
 
folder can be made to those items which are
 

stored elsewhere.
 

8.2 	 Space Aequiument, 

Space requirements similar to fileare 
requiremerts--they depend upon the type and
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scale of operat' n. 
There are ways of maxi-

mizing the use of space by stacking files 
several units high, but these are usually very 

unsatisfactory. It is difficult, and often 
dangerous, to handle large folders of maps 
while standing on a ladder. It is often more 
efficient to stack them only two or three units 
high and use the tops (about 1 meter above 
floor level) as w:orking space. Care must be 
taken to assure that the floors on which the 

map files will be plac-ed are capable of sup-
porting the combined w,:eight of maps and files, 

This weight may amount to several tons. Not 
all floors wi Isustain this heavy load for 
months or years, 

Conditio'i f,:r storing maps are the same 
as those required for storing books. They are 

best preserved in cool temperatures, 15C to 
18°(: (6O':' to 65°F) , and moderate relative 

hu:niiditv (45 Lo 50 percent). . Laps are pre

served better in cooler temperatures, but the 
room must be arm enough for people to he able 

to work. The relative humidity Is more criti
cal. If humidity is too low, the paper will
 
dry out and become brittle; if too high, mold
 
or mildew will form. 


Lighting is very important. It should
 
approach the standard of what is provided in
 
a library or drafting room. 

9. SCH LING AN CONTROLSduced, 

As in most lengthy undertakings, such as 
censuses, scheduling is extremely critical, 

The entire operation must be well planned far 

in advance. The drafting operation depends 

on 
map acquisition and compilation, and some-
times on field work being done in advance. EA 
maps must be ava lable for the census takers 
when they are required. Censuses are normally 
taken within a very restricted time. Once the 
data are collected, the' are dated, and the 
sooner they are published the more meaningful 

they will be to the user. If graphics are to 
be included in census publications, they must 
be ready in time so as not to delay publication. 

For an efficient drafting operation, a 
trained staff with proper equipment and mate
rials must be available. To keep a trained 
staff, there must workbe for them to do at 
all times. The work on enumeration base maps 
must be scheduled to meet the needs of the EA 
map staff, and drafting work on publication 
maps must follow without any undue delays. 

9. 1 Wo, k fC'w 

Work rlow is the amount of work that goes 
from one operation to the next. Ideally, it isplanned and arranged 
so that no one is out of
work, no one is short of work, and no one has 
too much work at any time; instead, all have 
an adequate amount of work todelaying or being 

do without eitherdelayed by other staff. The
 

achievement 
 of this condition requires a high 
level of supervision and management and requires
 
excellent planning, all of which involve ade

quate work control.
 

Time, material, equipment, and personnel
 
are the key elements in establishing a smooth
 

work flow. Realistic plans must already exist
 
that include estimates of the 
time needed to
 
produce each unit, 
the number of units 
to be
 

and the available personnel, whichtogether determine the rate of production. The 
actual production must be closely monitored
 
in order to 
assure that work flows smoothly.
 

Weekly production reports should be prepared;
 
tfe.'.e will be used either to assure that work 
is moving as planned, or to relocate the per
sonnel, material, and equipment as needed to 
make work move more evenly. These reports 
also will permit planning the purchase of more 
material in advance of its actual need, the 
recruitment of additional, personnel if it be
comes apparent that they will be needed (and 
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before the crisis arrives when they will be 


needed), Pnd the rescheduling of work plans 


if this becomes necessary. 


A progress report form should be prepared 


every week. This form should show the total 


amount of work to be done for a given project, 

the amount accomplished during the week, the 


total amount accomplished to date, and the 


rate at which work must be completed to meet 

the deadlines. 
This last item is particularly 


important, because it is this item that will
 
act as an alarm to correct the situation by 

reassignments or by obtaining more resources.
 

9.3 Cont~oe 6 s 


Control forms are needed for each of the 


map files and for recording the progress of 

work in drafting. Persons responsible for 


maintaining the map files should have a record
 

at all times indicating where any map borrowed
 

from the files is presently located. This may
 

be accomplished by 
the use of forms stored in

the files to 
indicate who the borrower is and
 
where he is working. This may be a simple
 

form with only the name of the borrower and
 

his initials, his organizational unit, and the
 
date that the map left 
the file. This should
 

assure 
that any map can be found for other
 

users when needed.
 

The control form for map drafting has al

ready been covered briefly in chapter 6. See
 
exhibit 6-3, which is part of the map package
 

cover, and exhibit 6-7, which is a record of
 

mapping operations. These forms provide for
 
the description and date of each drafting
 

action taken in preparing EA base maps. They
 

also provide information for preparing reports
 

on 
the progress of the drafting operations.
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Chapter 11. MAP REPRODUCTION 

VT7ROPUCTION 

Chapter 11 discusses various processes for 

reproducing maps to it, used in the census enu-

meration and in the Jub Leations. Although the 

chapter is Lot endd prfiarily for techonicilans 

who are responsii.le 'for mnking copies of maps, 

it is of general interest to other persons con-

cerned eiirh the papnz;ror-am. 

t2. 	 SELECT1 OF d.7THP OF REPRO uCTWON 

Ma~ps prepar',,d -",r usqe ill all Census opera

tions and pd~ial.jis t n ust be: reprod ucible, 

since mul tiple co;pies v.ili 'OL required. Several 

factors should be ,nsidLred in selecting the 

method or prc,.ss to lc used for reproduction. 

The more imprtant of these factors are: (a) use 

of the map. .hv.ther in enumeration or in publi-

cation; (b) size if the sheet on which the map 

will be printed; (c number of copies required; 

(d) quality of copy nccessar:,; (e) whether in 

black and white or in color; (f) ease of revi-

sion; (g) reproduction timing; and (h) cost of 


reproduction. 


Figure lIla summarizes these factors for 

each type of map needed for a census. It also 


indicates the recommended reproduction method 


and equipment for each map type. 


U,1e c .tpS 

It caL be seen from figure lla that the 


maps used in planning and taking a census 


(hereafter referred to as operational maps) 


require reproduction methods different from 


those needed for maps for publication. Differ-

sent repr tuction equipment is necessary for 
the final product in each case, altaough cam-

eras (particularly enlarging and reducing 


cameras) are desirable in processing materials 
for each kind of reproduction. 

2.11 Operational maps.--Enumeration maps 

are large scale and normally much larger in 

overall size than publication maps. EA maps 

are needed only in small quantities (see chap

ter 7) and require only medium quality paper. 

These requirements for EA maps indicate that 

the relatively inexpensive, non-print, diazo 

typeC duplication is satisfactory. Diazo type 

reproduction is also satisfactory for base mapsfor census work, and for office maps for the 

NSO, its field offices, and crew leaders. The 
non-print processes are described in section 3

of this chapter. 

When individual EA's on the EA map sheets
 

are too small when cut out (see section 7 of 

chapter 7), they need to be enlarged. One 

method is to make photographic film positives 

of each EA at a larger scale; diazo reproduc

timns can then be made from these film posi

tives.
 

A second method is to use a xerographic
 

copier to make the enlargements from the ori

ginal EA base map sheets. (As described in 

chapter 7, this is the map on which the EA's
 

were delineated.) The xerographic method of
 

reproduction is limited 'io an enlargement of 

about 45 cm by 60 cm (or about 18 inches by 24
 
inches). However, larger copies can be made
 

by copying the sheets in two or more parts and
 

joining the parts together. For producing one 

or two prints, the xerographic method is less 

costly than the photographic methods, because 

it does not require a film process. However, 
not all xerographic coriers are designed to 

make enlargements.
 

http:responsii.le


Requirements 
 1-

Type of -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
map by 1 Method or 
use Number Ease of process Equipment 

Size of ColorcoisIneeded Qualiti revision;reproduction CostCs 
_ _time 

Base maps 

lineating 

Large 
sheets 

Usually 
I to 3 

Black 
and 
white 

Must be clear with 
sharp lines; fine 
finished quality 

Master copy 
must be 
suitable for 

Lowest 
cost 
within 

prining 
proce 
diazo, 

Diazo, printer
processor, 
enlarging and 

EA's not necessary; 
paper suitaie for 

quick and easy 
revision. Need 

quality 
standards 

photocopy or 
photography, 

reducing photocopy 
film camera, 

notation and short-
term use. 

reproduced 
copies on 

electro-
static 

contact printer, 
xerographic 

short notice. copier > 

EA maps 
for NSO 
field 

office, 

and 

crew 
leader 

Large 

sheets 
Probably 
fewer 
than 10 

Black 
and 
white 

Must be clear with 
sharp lines; fine 
finished quality 
not necessary; paper 
saitable for 
notation. NSO copy 
for permanent file; 

Master copy 
r. t be 
su-table for 
quick and easy 
revision. Need 
reproduced 
copies on 

Lowest 
cost 

within 

quality 
standards 

Non-printing 
process--

diazo, 

photocopy or 
photography, 
electro-
static 

Diazo, printer-
processor, 

enlarging and 
reducing photocopy 
film camera, 
contact printer, 
xerographic 

t M 

o 

L

others for rough short notice. copier 
but short-term use. 

EA maps 
for 

enumerator 

Small 
to 

large 
sheets 

Normally 
only 1 

Black 
and 

white 

Must be clear with 
sharp lines; fine 

finished quality 
not necessary; 

suitable for folding 
and notation; for
rough but short-term 
use. 

Might need 
reproduced 

copies on 
short notice 

Lowest 
cost 

within 
quality 

standards 

Non-printing 
process--

diazo, 
photocopy or 
photography, 

electro-
static 

Diazo, printer-
processor, 

enlarging and 
reducing photocopy 
film camera, 

contact printer,
xerographic 
copier 

-

Maps and 
graphs 

for pub-
lication 

Page size 
or smaller; 

separate 
maps may 

be large 

sheets 

Large 
quan-

tities 

Multiple 
colors 

desirable; 
may be 

black and 

white 

Good finished 
quality 

Reproduced in 
one printing 

in time for 
publication 

Lowest 
cost for 
good 
printing 

quality 

Printing 
process 

(usually 
offset) 

Printing press, 
camera, and 
contact 
printer 
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p. 'c l. E,,,'$, 
17:I 

?:c i. rce: e-ts sould ahiwavs be reproductions 

o: the apot r, r.i f the original EA 

map. 'ihIs isinportant; enlarging by 

handj drax.'in,, t.1'i -hinictil eqiuipment can in-

iroducvc~ rrrrs, a mosLt uadesl rable resul t
 
at this stace ,,en the .ap has ilad its final 

check for corrcctness, 


A negative film hc the mgAge iis a imi in hih h image 

is transpa rent and the remainder of the sheet
 

is opaque. A si t ive: is the reverse--the
 

image is opaque and h, remainder of the sheet 
is t ransparent (see figure llb). Sensitized 
ma eria such -s,a films and papers, are either 

negative or positive acting:. A ne'ative acting 

material will produce a negative from a posi-


tive and a positie from a negative, reversing 

each time a copy is ade. Diazo paper, which 

;s positive acting material, produces a posi

tive from a negative. 

2.12 Publication maps.--,Maps for publ ica

tion are mainly small s, le, usually reproduced 

at page size, and bound in a book format. They 

must be durable because they will be used re-

peatedly; therefore use of high quality paper 

is desirable. Most of these are statistical 

maps; gradations of value shown in continuous 

areas over these maps sometimes require the use 

of color or photographic tint scieens. Such 

maps generally demand a printing process-

usually offset printing.
 

All printing processes reqitire negatives 

since a negative image must be contacted to the 

sensitized press plate to produce a positive 

image for printing. The original copy may be 

drafted or scribed at a larger size for greater 

accuracy and then reduced by camera to produce 

a film negative. This negative is then used 

to contact to a press plate for printing. Since 

the original artwork (on paper) deterforates 

over time, negatives are an easy and economical 

way of preserving material in storage. 

2 .2 S ze 

~ Size is a critical factor in reproduction. 

It is important not only in terms of material 

costs but also in terms of the size of paper 

which the printing press and other reproduction 

equipment can handle. Presses, cameras, con

tact printers, screens, film, and the like must
 
be able to handle paper of the required size.
 

In the non-printing (diazo) process, used for 
many operational maps, size is a lesser prob
1em; most diazo-type mt~chines will dunilcate
 
material about one meter 
wide, and meter-wide
 
paper is generally available 
 in rolls, which
 
means that the length of a 
 map Is virtually 
unlimited. If film positives are to be used
 

in the non-printing operation, film of the d

sired size must be available. 

2.3 NwnbeA oA copies 

The number of copies required will often 

dictate the reproduction process to be used. 

rhe numbers quoted herL are approximate and 

should be used only as a general guide. They 

will vary with labor and x:aterial costs in dif

ferent regions or countries. 

If onlV a few coples (less than 100) are 

needed, then a non-printing reproduction process 

would normally be used. The process may use a 
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xerographic office copier if the sheet size of 


the copy is small--from 22 cm by 36 cm up to
 

45 cm 1 60 cm (cr about 8 inches by 14 inches 
up to 18 inches by 24 inches); the diazo process 

may be used if te sheet size is larger. These
 
processes a're cons taint cost-per-unit types of 

reproduction; that is, all copies cost the same 

amount. If one copy 	 costs 10 money units, then 

5 copies will co.t 50; 10 copies will cost 100;
 

etc.
 

If large mumbers of copies are needed 

(more than 100), a printing reproduction proc-


ess generally should 	be used. The smaller print-

expensivelebutftheynare
 

ers are usually less 	expensive but they are 
limited in the size of paper they can handle. 

Although the quality 	of the product is better 

than that produced by a xerographic copier or 

by the diazo process, it is inferior to that 

produced by larger printers. 


Offset printing processes are decreasing 


cost-per-unit types; that is, the more copies 

printed, the lower the cost per unit. For ex-

ample, if one copy costs 100 money units, then 

2 copies will cost 50 each; 5 copies will cost 

about 20 each; etc. Sufficient copies should 

be printed while the offset plate is on the 

press, since a major cost is for making the 

press plate and setting up the press. 

2.4 Quatit oA copy 

The quality of the copy must meet the needs 

of the user. Diazo may produce a suitable copy 

for EA maps but may not keep well enough to use 


later for publications. Diazo paper tends to 

become yellow under long exposure to direct 

sunlight and becomes brittle with age. It is 

poor planning to choose quality that is not 

sufficient for the purposes it must serve; but 


for short-term use and limited quantities, diazo 


may prove to be the most efficient copy. Al-

though printing processes produce better qual-

ity, they are costly and are seldom used for 

fewer than 100 copies. 


2.5 Btack and white vetsusL co0w0 

In planning for reproduction of publica

tion maps, the visual advantages and costs of
 
multiple color over black and white (black ink
 

on white paper) must be considered. The advan

tages and disadvantages of color were discussed
 
in chapter 9. Cost is usually the primary con

siderati ,n in making a decision whether or not 

to use color. 

Multiple color printing requires one press
 
run for each different color printed 
on a one
color press. Each color printed will cost ap

proximately the same. For example, if printing

prosiareeusuallysaess 


with black ink costs 100 money units, then add
ing information ii. red ink will require adding 

the same charges as printing with black, ecept 

that no additional paper will be needed. There

fore, printing in two colors (for example, black 

and red) will cost almost 200 money units, and
 
a third color will increase the cost by approx

imately another 100. There are two-color and 
four-color presses which are much more expen

sive, but they can reduce the printing time and 

cost of multiple-color maps. 

2.6 Ease cj leviswi and -Lep'oductioi 

Operational maps must reflect the latest 

information and should, as much possible,as 

be current at the time of the census. It is 
essential, therefore, that the drafted copy to 

be used in reproduction for base maps and for 

EA maps be capable of being quickly and easily 

revised for quick new reproduction as work pro

gresses and . new last-minute information is 

received. Black and white copy using non

printing methods is obviously better for this. 

Publication maps, on 	 the other hand, are 

developed on the basis of final collected in

formation and statistics. There is little 

need for immediate copies as the information
 

is processed. Copy for such maps is final be

fore reproduction is undertaken; then, many 

copies of continuous 	high quality are needed.
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Thu!s, the requirement for publication maps is 
" fo L reproduction by printing press. 

2. 7 R p.iduct i l co t's (1d pg 

Materials, labor, and equipment for map 
reproduction all cost money. Costs vary greatly 
according to the type of map and its use. As 
figure Ila indicates, the best and most econom-
ical means of reoiroduction for one type of map 

use is not necessarilv the best and most eco-

nomical for another type. ReproducLion costs 
must be know.m and budg eted for in the initial 
planning for the census. Both printing and 


non-printing processes should available
be so 
that the 1.,ost efficient reproduction method 

can be used for each job. To collect census 


data is evxpcnsive; to mAike the 
 data inaccurate 
by not providing good copies of enumeration 

maps or 
 to fail to make data available because 
of reproduction and printing costs implies poor 
planning. 


2.8 ieazse or, ptchase vi cquttipeimt 

Printing presses, carmeras, contact print

ers, and diazo processors ordinarily are pur
chased; office copiers are frequently leased.
 

There are two considerations: (a) durability of
 
equipment and maintenance required and (b) rapid


technologicalvaiabl. 


technological changes. 


Printing presses, cameras, contact print-

ers, and diazo processors are designed to last 


for decades. During the 
 last 20 to 50 years, 

there has been comparatively little change in 

the way in which they operate. 


Office copiers, on the other hand, arc 
in 


a developmental stage and are 
constantly being 


improved. Models obsoletebecome within a few 

years. They require extensive maintenance, 
and maintenance costs increase with the age or 

the machine. Therefore, it is advantageousle.'se t em.Described to 

Frequency of use must also be considered 
in procuring any equipment. All reproductio 

equipment det. riorates when it is unused. 
 It
 
may require -tore maintenance if used only in

termittently than if used on a regular basis.
Investment ir printing presses is high; if 

they cannot be fully utilized by the NSO, it 
would be better to contract with an outside 

printer to print the publication maps. For 
the efficient making of operational maps, how
ever, cameras and non.-priinting reproduction 

machines should be available to the NSO staff. 

2.9 StafJ wlk veuou co0ttracts 

Generally most reproduction is best pro

duced "in-house" by a full-time staff. The 
amount of work required, however, and the tim

ing involved are also factors to be considered 
in deciding on staff. 
 If there is not suffi

cient work to keep a printing press in opera
tion continuously on a daily basis, then from 
both the cost and staff aspects it is better 
to contract the printing to another government 

agency or to a private printer.
 

It is not as necessary to keep cameras,

contact printers, office copiers, and diazo
 
processors in constant operation. 
 Tfhese items
 

are essential for efficient drafting operations
 

as well, and work will be greatly handicapped 
if they are not available. Possession of this
Pchangoes.thi 

equipment does not 
result in a duplication of
 
effort between the map compiler and the printer, 
because it is then possible for the compiler to
 

send negatives to 
the printer and thus exercise
 

more control over the quality of copy. This
 
equipment also saves 
the cost of contracting
 

with outsiders for any camera work which must
 

be done during both the drafting and reproduc

tion processes. 

3. TYPES OF PROCESSES 

below for general information 
and background 
are 
the various reproduction
 
processes already referred to. 
 Non-printing 

processes are described first, then printing 
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processes. Additional specific information is 


available from companies which sell, lease, or 


operate the equipment. 


3. 1 Non-pimbting pu0a6e6¢ 

If only a few copies of a map are needed, 

the non-printing (non-inking) processes are 

generally faster and less expensive; however, 


non-printing processes are constant cost-per-


unit processes and are designed to make only 


a limited number of copies, 


3.11 Diazo.--Diazo (also known as the 


ammonia process) is directly associated with 


the chemistry of azo dyes. These are the dyes 


frequently used to color clothing, yarns, and 


fabrics. With diazo reproduction ma.Lerials, 


the dye-forming potential is present in the 


form of "diazo salts." In "dry-developing" 


diazo materials, the diazo salts are coated on 


the surface of acetate, paper, cloth, glass, 


and a variety of other materials. These mate-


rials are termed "dry-developing" because they 


do not require contact with, or immersion in, 


any liquid solution to create their dye image.
 

The hard, sensitized emulsion on dry-developing 


materials will reacL to form a dye image of 


brilliant azo color when exposed to ammonia 


vapor. 

Before development, the diazo emulsion is 


sensitive to light in the same way that a roll 


of photographic film is sensitive to light. But 


there is a significant difference. Whereas 


photographic film is very sensitive to almost
 

any kind of light, the diazo emulsion is moder-


ately sensitive to only one kind of light--


ultraviolet. The diazo emulsion is not greatly 


affected by indoor lighting but is highly sen

sitive to all ammonia vapor. Because of th~is, 


special care must be taken to store all diazo 


emulsion products away from ammonia or ammonia 


vapors. A well-ventilated room with controlled 


temperature is the best storage space for diazo 


materials. 


To produce a good quality diazo print, the
 

coated material must react in a way similar to
 

photographic film. It must "take a picture"
 

and reproduce an image that contains the infor
mation desired. Ultraviolet light is used for 

a "picture -taking" exposure, since diazo is no

ticeably sensitive to ti~is kind of light. 

When the material is exposed to ultraviolet
 

light and certain areas are protected with some
 

sort of light-blocking material (usually the
 

ink lines of the draftsman), the unprotected
 

emulsion will have the undeveloped color de

stroyed or faded, while the protected emulsion
 

will remain intact. Then, when this light

exposed material is exposed to ammonia vapor,
 

those areas that have been protrcted will ap

pear as full-color dye images and the rest of
 

the material will remain blank or clear. Size
 

of copy is limited in one dimension by the
 

length of the roller which is usually slightly
 

more than 1 meter (42 inches). The other di

mension is virtually unlimited, since the diazo
 

paper comes in 100-meter rolls.
 

3.12 Photography.--One of the most common
 

processes in map making is the enlargement or
 

reduction of a base map or other map sources
 

to fit a certain scale. This can be done in
 

various ways, but generally the quickest and
 
best way is the use of photographic equipment.
 

Usually, it consists of an enlarging-reducing
 

camera which can be moved back and forth on a 

track in reference to the copyholder.
 

The camera has a large ground glass upon
 

which the image appears. The camera is moved
 

forward or back until the image is of the de
sired size. Re-focusing the lenb after the
 

adjustment for size may be necessary. The most
 

efficient method of producing high quality
 

photographic copy is to make a film negative
 

and use a contact printer for paper prints.
 

One type of photography, generally the
 

quickest, is produced by a photocopy camera.
 



229 
Chapter 11 
 MAP REPRODUCTION 


Photocopies differ from photographs in that a 

low-speed sensitized paper may be used to make 

negatives instead of film. Paper is cheaper 

and faster to dry than film, but it is not as 

dimensionally stable. The paper comes in rolls 

and has a tendency to expand differently by 

length and width. Papers of various speeds and 

contrast are available. Photocopy paper is 

usually limited to about 45 cm by 60 cm (18 

inches by 24 inches). 

For enlargement or reduction of more than 

four times, the process may have to be repeated 

if a photocopy camera is used. For instance, 

in the first step, the copy may be reduced to 

one-quarter; in the second step the product of 
the first step is reduced to one-sixteenth of 

the original. Processing is similar to that 

of photographs, but it does not require as much 

or as expensive equipment. 

Photoraphic copies are more expensive than 
photouop, es but provide a better reproduction 

in many ways. The enlargements and reductions 

are sharper and of much better quality; more-


over, they can provide images on much larger
 

sheets. Copies can he made as paper or film 


positive prints and paper or film negatives, 


Almost any large-sheet film camera will pro-
Aimostatany lsrge-sheetafilmlcameratwillrpro

duce better quality copy and have a wider range 


for reduction and enlargement than a photocopy 

camera. 

3.13 Other duplicating processes.--Another 


common method for producing copy is by office
 

duplicator, which produces positives from posi-


tive copy. Most copiers use sensitized paper 

of mediocre quality. One notable exception is 

an electro-static process (xerographic) which 

produces copy on most materials. This process 

uses static electrici, and heat to fix carbon 

particls to the paper. It does not produce 

well from colored images nor from larger images 

of solid black, but does reproduce black lines 

very well. 


Most of these copiers are very limitted in 

the size of copy that they will produce, which 

is 22 cm by 36 cm (81 inches by 14 inches) . A 

few produce copies as large as 45 cm by 60 cm 

(18 inches by 24 inches). A large map must be 

copied in sections and pieced together. Some 

copiers will produce the larger size prints 

from 35 mm microfiln negatives; some will pro

duce smaller images than the original by reduc

tion through a lens; but most copiers produce 

an image the same size as the original. The 

copiers vary in speed and cost per copy but 

all are constant unit-cost operations. 

The ink process, as indicated earlier, 

refers to printing methods in which ink is 

deposited on the paper to duplicate the image. 

There are two different types of printing proc

esses that are widely used: photo-engraving
(letterpress) and lithography (offset). Both 

are decreasing unit-cost operations and both 
have the capability of making large numbers or 
copies. 

3.21 Letterpress.--With the letterpress 

process the line drawings and type are usually
 

set separately. The plates are etched deeply
 

so that the surface that will print is raised 

(figure l~c). Type is often combined with 

Fig>re lic. PRESS PLATE FOR FLAT-BED 
PRESS LTERAE


PRESS OR LE'TTERPRESS 

INKING SURFACE
 

INTERLINE 

2.33 CM
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these plates and both are "locked up" together 


into one "form" for printing. Printing ink is 


transferred from the raised surface of this 

form directly to the paper. 
Maps in books are
 

likely to be reproduced this way. The original
 
drafted map is photographed, and the negative
 

is contacted to a zinc plate exactly as 
it is
 
in offset printing. However, the lines are
 

strengthened with acid-resisting resin, and 


the interline areas are deeply etched by nitric
 

acid. The plate is mounted type-high (2.333 cm
 

or 0.9186 inches) upon a block of wood and is 


delivered to the printer, who uses a flat-bed
 

press. The photo-engraver usually provides
 

some proof prints but does 7-t do the printing.
 

The map drafted for photo-engraving should
 

be a little coarser (thicker lines and larger
 
symbols) than for offset. Because the printing 


does not produce fine lines, dense cross-line 


patterns should be avoided, 


3.22 Lithograph (offset).--The camera 

stage of the offset process is almost identical 


with the camera stage of the letterpress proc-


ess. 
 The drafted map is photographed and all 
tones (patterns), line elements, and type are
 

transferred to a thin metal plate. With off-


set, the inked impression is transferred or
 

offset from the image on the plate to the rub-


ber "blanket" before it contacts the paper. 


The present offset printing is the direct 

descendant of lithography in which the image 
was made on stone, which was then inked and 

used to make copies on paper. The stone plate 

is no longer used, because a finely kerneled' 


aluminum or zinc sheet has the 
same property 


and many additional advantages. The metal 


sheets can be curved around a cylinder and 


put on fast rotary presses which produce thou-


sands of copies in a few hours. The printing 


IMethod of achieving finely textured surface 

by polishing a metal plate with small round 
stones on a vibrating tray. 

Figure lid. DIAGRAM OF OFFSFT
 

PRINTING
 

Water 

Cylinder 

ler
 

is indirect (offset). The zinc sheet prints
 

tile image on a rubber-blanketed cylinder, and
 

the rubber blanket prints the image on paper
 
(figure lld). 
 The length and diameter of the
 
roller on 
the offset press will determine the
 
maximum size it will print. 
 Paper of any qua].

ity nay be used; however, the texture and ab

sorbency will affect the lineweights. 

4. OPERATIONAL STEPS
 

In map reproduction, as in most operations, 

a sequence of steps must be followed. Opera
tions are simpler when non-printing methods are 
used; they are more complex for the pr-iting 

process. 

4. 1 Non-pl~int6ig opnatton 

If the machines and materials for diazo 
or electra-static processes are maintained in
 

good condition, the whole operation is simple. 

It consists of inserting posiive map copy 

into the machine, which has been loaded with 

paper of the appropriate kind and size, and 

following the proper procedure to run the macine. or tile diazo process, the input map 

must be on translucent paper or film; for the
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electro-static process, the input copy may be ll.
F 11:oc LINE-CIT AND HALFTONE IU.L4(ES 
opaque, although some copiers will take 35 mm 
microfilm negatives. The operation is so 
simple that the persons who compile or dlraft 
the base maps can perform these znteps for them-

selves. Likewise, the operation of photocopy 

cameras and the development of prints are
 

fairly easy to learn.
 

On the other hand, the use of photographic 

cameras, thc development of nocat ives , and the 
making of prints :.re not so simple; they re-
quire special ",.with: and exper. ,niel trainiing 

perence. ii h.2 iount of photographic work 
required is ot cuh to JuSLfI.' sItting up 
a phiotograph i, ].aoratorv- and if other labora

tories in co~nr-tor private indubtrv are
 
available and a ,:.rror: well, it would 
 he 
economical to: ive.'them do the work. However, 

it is proefrablo for reasons of c:onvenience 

and improved capability. to have a photo labora

tory in the ::So. The basic steps in producing 

map photographs are described below. 

4. 2 Pt t6' ci: t, 

Upon receiving the map from the drafts-


man, film negatives are made. 
 If the original. 

map is drafted, it is photographed; if it is 

scribed, it is contact printed. Once negatives 


are made they must be processed and contacted 


t inting plates before the map can go to the 
p, .ing press. The final stage for publica-

tion is collating and binding the various maps 


and pages, if this is required. 


4.21 Photo ral~hig.--len photography is 

used in making film positives for reproducing 

base maps or EA maps by the non-print process, 

the maps are reproduced as line cuts. Almost 

all maps for census publications also will be 

reproduced as line cuts. 

For line cuts, a short-exposure, fast-


developing, strong-contrast film is used so 


that the copy will have pure blacks and whites 

and no grays. Maps with plastic shading, maps 

[."..".i
 
S~~:.........:.. I.
 

......
 

Line cut Halftone 

of varying colors, and faded or dirty maps may 

have to be reproduced through a halftone screen 

or with continuous tone film (figure lie).
 
A large process camera will 
produce the
 

best quality film copy; however, an enlarging

reducing camera can handle film as well as
 

paper and can be used for photographing maps.
 

With these large cameras, one must bring the
 
to the
map camera instead of carrying the cam

era 
to the map. 
 The camera will be useful also
 
in photographing pictures, air photos, and all

kinds of materials whenever detail from these
 

sources is needed in compilation or publication.
 

4.22 Processing negatives.--The exposed

photographic film must be opened in the dark
room under red light, which does not affect
 

the film. Processing consists of developing,
 

fixing (hardening), washing, drying, and trim

ming. The minimum equipment of the darkroom
 

consists of a table large enough for four trays
 

of a size to hold the film; running water and
 
sink; a drying rack or string; a cutter; a punch 

for registering copies; and a shelf for chemi

cals, films, and paper (figure llf).
 

Developers are chemicals and are kept in
 

durable containers. When mixed together in
 

solution, as required for tae developing proc
ess, they last only a day or so. Therefore,
 

developers should be mixed only in the amounts 

needed at a given time. 

The emulsion side (exposed surface) of the
 

film should not be touched with damp fingers or 
gloves until after it is imimersed in the devel
oper, and imersion should be as instantaneous 
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Figure 11f. DIAGRAM OF PHOTOGRAPHIC DEVELOPING AND PRINTING 

DEVELOPING SINK DEEP WASH SINKHot water -b c= emperatur
supply control unit Mixing valves 

-o-- Hot water 
Drain with -Cold waterstack to 

Cold water control depth 

supply of war This design allows for 
. turbulence which keeps

film in a tumblingee .Aef 

motion while washing. 

Trays float on water (at 680 F) -
to control temperature
 
of developer and fixer.
 

as possible. Therefore, it is advisable to in-

sert 
the film in the solution emulsion side 

down, pushing it with the 
 fingers on the non-
emulsion side into the developer. When com-
pletely immersed, tile 
film may be turned over 

to watch the progress of development, 

When development is completed, the film 

is transferred to the 
 next tray, containing a 
weak solution of acetic acid (stop bath), which 
halts the development process in approximately 
10 seconds. This stop bath is not absolutely 

necessary but preserves the life of 
the fixing 
solution (popularly called the hardener or the 
"hypo") into which the film goes next. It is 

placed in tile 
 third tray containing the hypo 

for 2 to 5 minutes, 
 after which a white light 

may be turned ol without harm. 
 In the hypo, 

the image is retained while 
 the rest of tile 

emulsion washes 
 into the solution. The fourth 
bath may be another tray or sink. It must be 
supplied with plenty of fresh running water, 

ilypo salts are very persistent, but with 
plenty of agitation the wash bath will 
remove 


them in about 10 minutes. 
The film is then 

dried on racks or hung on clips. Wiping with 
a soft sponge and fanning with warm (not hot) 
air will hasten the drying process, 

A few cautions should be noted: 
(a) all
 
chemicals contain active agents and should be
 
mixed outside the darkroom in a well ventilated 
place; (b) a few seconds should be allowed for 
solutions to drip off the 
film before moving it
 
to tile next tray in toorder avoid breakdown 

of the solutions; (c) one should not agitate
 
the solutions vigorously but maintain a gentle 
ripple while processing; and 
(d) to be properly
 
developed and fixed, all parts of the film must 
always be under the surface of the solution. 

4.23 Stripping and opaquin.--After map
 
negatives 
have been made, there are times when
 
something 
needs to be added, such as a legend,
 
scale, notes, etc. 
 A small negative can be
 
made of the piece to be added and it call be
 
"stripped in" 
 by cutting a matching hole in
 
the main negative and 
 fastening the substituted 
part with red lithograph tape. Stripping call 
only be done where there is open space on the 
negative. If the main body of the map needs 

corrections, it is almost always necessary to
 
correct the original drawing or artwork and 
make a new negative.
 

Before any map negative is used to make a 
print or a printing plate, it is necessary to 
examine it aover light table and paint out 
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dust spots and any lines or words that are in-
correct. This is done with special opaquing 
brushes and f 1,,id. 

S2.Mak " •printing plats.-The printer 
takes tile 1-ia ti et'f ilil into the darkroom where 

he has al :inc p1,I L alrl:lvidi'01p rerd ilt! -;en-
sitized with In 1 bt'!:!,1 C,, : nl which ha. tile 
property of 'n inii: 1arJ strikes;i it. 

ie places LK lt at, n p1 ito in a 
vacUtLim l'Ilrlae to ;:K t'. c~'t, 1 LtLl he 

throwi st ,, g I i h t n . i hs 111bumen becomes 
insol ule, I2 Wher Lill 1.tli, i gh the 
neg i Xe (x:'.- l :'> n'., "'1re on the 
orrgina I ,r. I+ i Lt i oox,"ed w;i l 

deve iopS i;: ;'1 11,1. The 

Uile~:uio'. ,~. 1 Wa, i< iin are 
toe I t edc . h'~ .<p,, .' , *td', n ta t . . .7 I ncl 

pJlite i '"Wi-rd" .'Mt'l wit '',ak uit ion' (
of ait '.Si 

, so 
,ih W:= i A.: ,!vI Setis 

o f ac dt ara!b iec i :- i ctl l' e t cl

tile i:ltcrlin:-a 
 !Ml.. .. , -ir t is reQadv 

for thce rotarv p. .uct prinli:,; of maps 
is fastil t! In .p1n1 i', '.'(t2 tht' I ins aret " 
fint iialit1L,. Some can r0 1'rr;s,,ps 1.5 
meters (5 feet) i co*,. t l iSiIt lst -1 1S 0.6 
meters by 0.9 -."tirs (2 f byyt 3 feet) 

-#.25 Printin,__Dressr'- -- o d er oifset
 
printings hasp co'-.e a !onv wav 

-Z_ 

from thu 
 r ig ina I 

lithograph~ic process. lbl. ,borne led zinc and
 
aluminum plates can :-iide fit
be to anv. size 

offset precis. AutoMaltIt su(ctIion blowers
liver the paper to the rollers. Dozens of
de

vibrat mo ink drim.s deliver the evenly distrib-

uted tilin layers of ink 
 to the plate cylinder; 

then the dampening is arranged 
 with equal fine-
ness by sets of rollers. The rubber or "blan-
ket" cylinder contacts tile plate cylinder with 
such precision that there is no widening of 

tile finest line, even after tens of thousands 
of impressions. The paper cylinder delivers 
tile printed map to a chain delivery and drying 
system. Ill some presses the print is dried 
so fast that a s:econd color is printed In the 
same operation. A single plate can deliver 

50,000 impressions or more In a few hours. The 
large sheets are delivered with such exactness 
that color overprints will register with per

feet precision. Poor registration occurs more 
often as a result of a lack of precision in 
the preoaration of tile individual color plates 
than in the printing process. 

Corrections on an offset plate are diffi

cult and expensive and often a new plate is 
required. Mlinor corrections can be made on 
tile negative by touching up te imperfections 
with opaque ink, cutting the lines with a 
sharp needle, and nmaking a new plate, Major 
revisions usual lv require making a new nega
tive from the corrected master copy and repea 

ing the processes. 

Almost all maps that are printed in book! 
are now reproduced by offset. The lines are 
fiter iMlid %et the process is much cheaper that 
pir,,to-engraving, and the rotary press allows 

incredible speed. 

Contrary to the custom in photo-engraving 
the lithographer does the prlntilg job himself 

ie usually sets the price for the whole job 
and does not deliver tile zinc plate to the
 
customer, 
 but will retain or return the niegatiye oil request. Negatives can be 
stored but
 

it is 
 net practical to attempt to clean and 
store an offset press plate. 

4.26 B .-- There are several binding 

processes. The ones generally used'in a print 
shop are gluing, stapling, and stLitching. Sta
pling and stitching are suitable only for small 
publications consisting of a few pages (usually 
under 100). The publication is ordinarily 
stapled or stitched along tile spine (figure 

lig). 

Larger publications generally are printed 
in signature (figure 1.i1). The bindig should 
be stronger and a glue or combination glue and 
stitching must be used. These binding proc
esses are specialized, are seldom part of a 
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Figure 11g. AETHODS OF BINDING Figure 11h. LAYOUT FOR 8-PAGE SIGNATURE 

SIDE 1 SIDE 2 

I !i 
iii 

STAPLES OR STITCHING 
 STAPLES OR STITCHING 


(INSIDE)(OUTSIDE)
 

printing operation, and 
are normally contracted
 

for from a bindery. One bindery can usually
 

service several printing firms, and printers
 

usually prefer to contract for bindi.ng.
 

5. MATERIALS AND EQUIPMENT 

No final product can be better than thle 

material and equipment used to produce it. 
 It 


takes quality material and good equipment to
 

produce a good map as 
an end product. Also it
 
takes a staff familiar with the properties and 


capabilities of the material and equipment 

5.1 A Ltve6aU 

Reproduction or maps and graphs requires
 
specialized materials. The method 
 used for 


reproduction will determine what materials will 


be needed (figure lla). 
 Most of the materials 

needed can be ordered in large amounts and 

stored indefinitely; however, some of the ma-

terials deteriorate with time and should be 


ordered only in amounts that 
can be used with-


in the recommended times. This 
demands very 

careful planning and monitoring of supplies, 

5.11 Paper.--Care should be exercised in 

choosing paper used in the printing process 
so 


that it has good inking quality and the end 


product will withstand rough use, often over a 


long period of time. An attempt should also be 


made to use 
paper which will resist shrinking 


when exposed to dampness. Paper covered with 


a thin protective plastic film (laminated) can 


Slitching 

Note: Numbers indicate vzac nzwDjers f"or an 

8-page signature. 

be 
used for those maps which have to withstand
 
much use. This plastic coated paper is avail

able for both printing and major non-printing 

processes (diazo and xerography). For EA naps, 
the plastic coated diazo papers are particu

larly good. They not only will stand up under 

rough field use but they produce a sharper 

line image and will take ink better than the 
standard diazo papers.
 

5.12 Film.--Since most census mapping 

consists of line work, a high contrast, stable
 

base film and high contrast developers should 

be used. These rules apply to both film nega
tives used in printing and film positives used
 

for non-print reproduction. This will provide 

a copy which is uniformly black; there will be 

no grays. Thus, there is high contrast between 

the ink symbols and the paper color. It is 

important that 
the film emulsion be on a stable
 

base plastic; unstable materials will expand
 

and contract according to climatic conditions,
 

and good registration will be 
impossible.
 

Unexposed film deteriorates with time;
 

therefore, care must be taken to 
maintain an
 

adequate supply without overstocking. Storage
 

in a cool dry place prolongs the useful life
 

http:bindi.ng


235 Chapter 11 MAP REPRODUCTION 


of film. Film that is out of date can some-

times be used by varying the exposure time. 

5.13 Chemicals and chemically treated 


materials.--Chemicals used in making photo-


graphic developing solutions usually are re-


ceivedl in powder form. However, there are 

excellent high-contrast liquid developers on 

the market. Developers should be stored (as all 

sensitized materials are) in the photo supply 

room. Only as much developing solution as is 

necessary for immdiate use should be mixed 

at one time. All developiug solutions contain 

mild acids, or they form poisonous fumes which 

may be harmful to some of the people who come 

in contact with them; care must be exercised in 

their use. Some persons are more susceptible 

to certain chemicals than to others and they 

may have to wear protective rubber or plastic 


gloves. It is always good procedure to wear 


an apron or laboratory coat to protect cloth-

ing. Developers should be disposed of after 

use but fixers (hardeners) may be saved from 


day to day and re-used until their strength 

is gone. 


Ammonia for diazo processors is usually 


received in unbreakable bottles, which are in 


turn packed with some insulation in large 


boxes. If the am=onia is incorrectly packed, 


it should be transferred on receipt to a better 


container. The fumes from ammonia are very 

powerful and may temporarily blind anyone ex-


posed to them even briefly. Diazo machines 


should always be used only in well ventilated 


areas, 


5.14 Inks. --In the printing processes, 

standard printing inks are suitable for maps; 

no special types ire required. Process inks 

are desirable for color printing in many cases, 

because they are transparent and can be printed 

over other inks to obtain additional colors. 

Process inks, however, will not produce strong 


or vivid colors; for this, an opaque ink must 

be used. 


5.2 Eqtl-menett 

Equipment needed for census map reproduc

tion is expensive; it must be capable of qual

ity reproduction. Most of the larger equipment 

is durable and will last for decades; it will 

be a one-time acquisition. Careful considera

tion and planning should take place before 

large equipment such as printing presses and 

cameras are purchased.
 

5.21 Printing presses.--Most maps are 

priated on offset presses. These presse; are 

capable of turning out high quality printing 

at great speed. Few census maps require color, 

so there is no need for elaborate and expensive 

multi-color presses. Color printing can be 

done on a standard one-color press by changing 

the color of the ink used for each printing
 

run. (A multi-color press is basically two or
 

more presses mounted end to end on a single
 

frame.) Since a press is likely to be a one

time purchase, it is strongly recommended that
 

several manufacturers be contacted and asked
 

to provide information on the models they have
 

available. It is also advisable to have an
 

experienced printer who is familiar with census
 

printing requirements review this information.
 

If publication maps are printed on presses
 

already available in another government agency,
 

there is no need for the NSO to purchase this
 

equipment.
 

5.22 Cameras.--A large process camera
 

(figure lli) which is capable of quality pro

duction is a necessity. This also will prob

ably be a one-time purchase. The same care
 

used in selecting a printing press should be 

used In selecting a camera. The film back 

must be large enough to handle required film 
sizes plus screens, It is also desirable to 

have a very large copy board, at least four 

times as large as the film hack (that is, 

twice as wide and twice as long). 

A filter holder is needed also for use in 

compilation work; frequently it is necessary
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Figure 11i. 
 LARGE COPY CApERA 
 to hold press plates and negatives the size of
 
COPY BOARD OR COPYHOLDER 
 FILM BACK 
 the largest maps required, with space for the
 

LENS 
 screens. 
Two light sources must be available-

a one-point light source that is variable in
 

intensity for film copy, and a blacklight for
 
exposing press plates or making proof copies
 

(figure llj).
 

5.24 Filters and screens.--In day-to-day
 

operations, filters are seldom needed. 
 Any
 

Souroe: A. !I. Robinso-
"EZ:eent8 o" Ca.rographn, 

and J. D. Sale, camera, however, should have a filter holderJoh ley " 3rd ed. (New york,)j* Saog, 'c.,1 3rd9). New Yoiute on the lcris; then, if a filter isJohn Wiey, needed, itSonn, hw., 1969). Repr >zted is necessary only to buy or make one. Filters
 
are used in map photography 
to enhance or dito eliminate 
(filter out) unwanted information 
 minish the effect of certain colors.
 

that appears in color on the original source
 
map or to "pick up" information, such drain-
 Figur,? 11j.as CONTACT PRINTER WITH POINT 
age, which is often printed in light blue--a 
 LIGHT AND BLACKLIGHT SOURCES 
color that is very difficult to photograph. In
 
the area in which the camera is to be installed,
 
the power source must be adequate and the space
 
must be sufficient to allow ample movement of
 
the lights in relation to 
the copy board.
 

POINT LIGHT SOURCE
 
With regard to microfilm cameras which are
 

particularly useful for enlarging individual
 
EA's from city and other EA maps, a 35 milli-
 VACUUM FRAME TURNS
 
meter copying frame camera with a flat plane 
 9,;fA7 MAY BE EXPOSED TO
MAYTBER EPONT LGT
lens is needed. 
 It may have manual or auto-.EITHER 


POINT LIGHT
OR BLACKLI GHT
matic film advance and the lightiz hould be
 
a part of the frame. Room ligi. should not be
 
used because it usually comes 
from only one or
 
two sources. A high contrast black and white
 

film is required. The resulting negativeis can 
be used to make enlarged prints, either by 
photography or xerography. In the future it 
appears that more use will be made of larger SUC
 
microfilm, particularly 105 millimeter film.
 
Therefore, it might be wise to buy a copying
 
frame with an interchangeable back that will 
 VACUUM MOTOR 
accept 105 millimeter film.
 

5.23 Contact printer.--If printing press
 
work is done at the NSO, a contact printer with 
a vacuum frame will be needed to make press
 

plates and composites. 
It must be large enough
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Screens are another consideration. 

assortment 

the camera 

s cr e e n s a r e 

which give 

shades 

A wide 

of tint screens is required for both 

avi the contact printer. Tint 
u s e d t o p ro d u c e p r i n t e d a r e a s 

the visual impression of various 

of gray or color. The tint screens are 
photographic film on which have been printed
thousands of tiny dots, each separate from the 
other but arranged regzularly in rows varying 

from about 50 lines per inch to 200 lines per 

inch. B" varying the size of dots on different 
screens, different amoumnts of light can shine 
throu, ih and diftferent shadings are produced. 

Tint scrueus with 133 lines per inch are most 
comonlV used. Solid dot patterns when printed 
give an ills ion of gray and the eye does not 

see the individual dots. Values of 10 percent, 

20 percent, 30 percent, etc., in tint screens
 
May be obtained. fint screens are usually 
 used 
with open window negatives. ,Nile these tint 

screens are 
not very expensive individually, 


many kinds with different values are 
needed; 


therefore, they require special 
 handling and 
storage to prevent damage and 
ensure quality
 

work. 

When two or more screens are superimposed, 


disturbing patterns may develop unless care 
is 

taken in angling the screen to avoid unusual 
or distracting patterns. 
 These are known as 

moir6 patterns, as illustrated in figure Ilk. 


Fiqure 117 . !05,L, FlTER!! 

" 
: i i .'.- .will 

.Il. 


oi:r6 


!Figuie 11-C. DIAZO PR.TNT1A1G 

AUTOMATIC PROCESSING 

F eding o nle 

-Feeding roller 

Master (must be translucent) 

""Paper coated with diio salts 

Transparentdcylinaer 

Ultraviolet ight tubes 

HAND PROCESSING 

Sunlight or ultraviolet Lid Exposed copySheet of glass light sourceTranslucent placed in jar
fordeveloping 

mas1er,%--

Diato paper 
"'* \ .- A 

-o- Glass cover 

Sponge saturatedCopy can be exposed to sunlight or with ammoniablacklight source and placed in a largejar with ammonia fumes for developing 

5.25 Duplicating on machines.--The ammo
nia process duplicator for making diazo prints
 
is probably the most useful piece of reproduc
tion equipment for any NSO to acquire. The cost 
is nominal, probably less than 10 percent of
 
the cost of a process camera. 
 It is a rela

tively simple machine, and a substitute can
 
be constructed rather economically (figure
 

Another useful piece of equipment is an
 
office copier. They are so designed that they 

not only copy source maps but will make 
reproductions suitable for EA maps themselves.
 
These copiers are slow and unsuited for publi
cation work except when only a limited number
 
of copies is needed.
 

5.26 Other equipment.--There are other
 

pieces of equipment the NSO may 
find desirable
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and useful if money and space permit. If pub-


lication maps are 
to be drafted and reproduced 


in the NSO, the following items are useful: 


opaquing and stripping tables (drafting light 


tables can be used), light panels for inspect-


ing negatives, temperature controls for water, 


paper cutter, copyholder, collator, refrigera-


tor for storage, print drier, etc. It is im
possible here to cover all possibilities. It 


is best to acquire a few good catalogs and, 


after the operation has begun, decide which 


accessories will be 
most useful, 


5.3 Specification chart5 

To make the most efficient use of the 

materials and equipment, especially photo-

graphic or printing supplies, it is advisable 

to test all the materials on the equipment that 

will be used. In this way, standard procedures 


can be established -,hich will produce the best 

results. The procedures for each type of ma
terial according to the equipment to be used 
should be set down in chart form. Such charts 

will reduce the number of unusable copies and 
will save both man-hours and materials. 

For example, if a copy camera is to be 


used and there are four types of film avail-


able, each type of film should be tested ac-

cording to its intended use--whether for line 

copy negatives, halftone screened negatives, 


continuous tone negatives, etc. The testing 


should consider (a) safelight; (b) exposure 


for each f/r (focal ratio); (c) developing 


mixture and rinse time; 
and (d) special pro-


cedures, such as 
how to reduce contrast or how 


to drop out white areas. The resulting chart 


should show the procedures that produced the 
best results for each type of film according 
to the principal use of the film. 

Most materials to be filed or stored will 


be either paper or plastic. Both these mate-


rials are best preserved under cool dry con

ditions. 
An open file with material that is
 

removed and used frequently does not need the
 

same temperature and humidity control that a
 

storage file requires. The longer the term of
 

storage the more important are the climatic
 

controls such as air conditioning.
 

6.1 Fing sy&tem 

The important elements in a filing system
 

are rapid retrieval of material stored there
 

and avoidance of unnecessary handling. This
 

is especially critical in a map reproduction

work area where large numbers of negatives 
are
 
stored. Files of negatives should be coded
 

to indicate the publication in which they have 

been used or in which they will be used in the 

future. Maps and film positives, on the other 

hand, are best filed according to geographic
 

area and by map series. 

6.2 Typca o' fie5 

The fil- should be very shallow drawers 

or vertical hanging folders or envelopes. Nega
tives should be stored in 
a cool dry 
area in
 
plastic or other type of protective envelope-

one negative per envelope. Tile size of the
 

file will be dictated by the size and amount 

of material that should be filed together. 

Press plates are not stored; it is more eco

nomical to store the negative and make another
 

plate. This is not true, however, for letter

press. Photo-engraved plates are very costly
 

and can be stored indefinitely. The types of
 

files needed are very similar to those de

scribed in chapter 10.
 

6.3 Space teqctaement6 

tegatives can be stored indefinitely. How
 

long they are held aepends on how often they
are used. 
 The file of negativcs requires con
siderable space; but because it is a file that
 

is relatively inactive, the stored units can
 



239 
Chapter 11 MAP REPRODUCTION 


be piled high. The more active files can be 


returned to the drafting section. 


7. STAFFING 


The map reproduction staff which handles 


cameras, press plates, and the printing press 

is very speciali:ed. Map reproduction requires 

employees ranging from unskilled to highly 

trained craftsmen. It can function with some 

of its perso-nel in training programs er ap-

prenticeships. 

7.1 Tupec on,~ w~~ 
The size of a map reproduct ion staff is 

usually simall in number compared with other NSO 

staffs. its si;,e will depend on the reproduc-
Lion method that is slected, the use made of 

outside contracts 'or Photo 'I'rAI:,vor printing, 
anod thle s ize of th'e ol! N.Si) ope rat ion. Each 

press must hxe a slKilled pressman in Attend-

ance during its operation, and only a skilled 
cameraman should oerate a pr c~s. ca~er:a. Manmy 

other emplo.'ees are requiretd, hoth se~i-skilled 
and unskil!ed. F'orkrs arc needed to move and 

stack paper for the pros es, -;trip and paque 


negati'vus, 21teand ind reports, wrap and 


.ail printt-d cop:, etc. Iht ;kil.ed and some 

o f the semi-si Id c raftsmern shoud he per ma-

nent eriplovees. Others can be trained quickly 


and therefore hired during peak production
 

periods.
 

7. 2 Fuww&,ki 

A map reproduction staff receives map 

copy; the photographer and his staff photograph 
ard develop the copy, in either film negative 

or film positive form. For reproduction by 

printing, the staff will opaque, register, and 
strip the negatives, and make press plates (for 

the offset press). The pressmen print the copy. 

2Block out unnecessary marks on negatives so 

that light does not pass through, 

Others collate and bind small copy (larger
 

volumes are usually sent to a specialized bind

ery), wrap and mail the finished product, file
 

and store negatives, and return originals to
 

the originating office. Each staff group must
 

maintain its equipment and must order necessary
 

materials. 
 Staff must also be available to cut 

paper to size, move large stacks of paper from 

storage to presses, and move printed material 

to the collators. 

S. SCHEDULING
 

It is difficult to develop an accurate 
time schedule over a long period. Most repro
duction staffs plan their work 2 weeks in ad

vance and depend on overtime for rush work or
unscheduled requests. However, with regularlytimed intervals between censuses, some 
longer
 

range planning is possible, and less urgent

jobs can be used to fill in the periods be

twcen active censuses. These less urgent jobs
include printing quantities of base maps show

ing census boundaries to be used with published

census data by planners, researchers, 
etc., 
or
special maps of larger iz l, graphic summaries,
 

and special reports. Equipment and personnel
 

required for an NSO reproduction staff are
 
highly specialized; neither equipment nor per

sonnel should be idle. 

9. WORK CONTROLS
 
A control system refers to the maintenance 

of records which show the location and movement 

of a package of materials at any stage of the 
reproduction operation. The many control. func

tions are accomplished by using the records to 

(a) determine the 
location of the materials,
 

(b) oversee the progress of the work, (c) make 

decisions relating to priority and work flow at 
each stage of an operation, and (d) Identify 

trouble spots where special attention may be 
required in order to meet schedules. 
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9.1 Work ptans 


Work plans must be carefully developed 


a job. Originals, negatives, and prints re

q u i r e s p e c i al ian dl i ng so t hey a r e no t mi x e d 

up or misplaced. 
Jobs that come in must be

available on schedule, and major pieces of 

equipment should not stand idle. 
 A smooth
 
f l o w o f wo r k i s n e c e s s a ry t o ma xi mi z e b o t hp ers nnel and
quip ent ,operation 


9.2 ContAoe 6ow 

Control forms are used to enable manage-

ment to determine the current status of work 

in any operation at any time. 
 This is neces-


sary to monitor production, locate materials
 

quickly, and reroute certain operations if a

breakdown occurs. 
 Control forit,. also are useful in making job assignments. 


Exhibit 6-7 is
 

a s a p r o t hocontro l fo rm . 

9.3 Pog.e6 uepotZ, and epottin3 system 

o ra to n s be i n a n t o l yshould be carefully controlled by

records that are current at any moment, 
so
 

that reports on the status of work becan com
piled at any time. Progress reports by the mapreproduction staff can be spaced at intervals
 
that facilitate the smooth flow of work and
 
allow for planning and estimating.
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I. lNTROL'ICT(N 
a '"problemr when- a Census 

Whatt~ ~ aproblemlarea 

MOst cottit r have problem,;f 

in,)t ht r, .iC i a '_itll bes t
L t1l 

i sh i'n--, e I it331n lltuleril~a ssi 

ir o ; r in t iremntH , makin;,sure,iian> 


selecting cffic int :;;uthods of niur.cin- or re

duc ing 11'11in) ias'
,ao Hc.jiu, f .:nd conomi-

cal oroceduro~ . rtrcd in ::ap co is, etc. 

i,,so are rut in ,rat i' 1,1shat 

va;st countries ,:onntcr * ring for and 

akjifr, ai<cns~u- tncsea .rVs a,'Vu,oCI.n dealt 

it in carl i r 'napt:- . aiinter 12 is con-

corned with the prl:L H ; are not 

<r 


uitui )s that 

normalyl ounid i:, -tit coun trie. )ealinc with 

niapping4 prohic:ris n mii t -.in.. spcil teps in 

p repa rin; base 

ators Can M0ore 


fo r w i(:h maps 

r-an s a'" *A "ta's -*, th~at enume r
...............- rstaff;.A 

i il CCOM; I t )urpsesaopli 


,'erc desi-- ed, 


The need for maps in enumeration was dis-

cussed in t first chapter of this manual, 

and the purposes they serve have been mentioned 

frequently. N2ertheless, it must be empha-

sized that the enumeration maps serve as tools 

to locate people, aricultural holdings, or 

othcer units to be enumerated. In other words, 

maps help enumerators find their assigned areas 

and canvass them thoroughly. Missing some of 

the people or enumeration units is a major cen

sus concern. Duplicating enumeration, where 


different enumerators cover the same territory, 


is also a problem. 'lap improvement can help 


solve these coverage errors, 


2. RECOGNITION OF PROBL3LL AREAS 

What constitutes a "problem area" differs 

from country to country, and may depend on the 

nlp and air photo resources that are available 

to the censuls organization, the nature and var
of til environment, 

lety of the environment, 
in one country mllayhe a 

another For any given 

area is one that has a 

situation.
 

VtC.il 

etc. ,. problem area 
normal situation in 

country, a problem 

significant non-typical 

The NSO develops ,n overall plan for pre

paring and taking a census. It then looks for 

the areas where the plan will not be adequate, 

where for some reason (often the absence of a 

critical element such as maps or transportation) 

the overall plan will not produce the desired 

good census results. These are problem areas 

that require specie 
. attention.
 

To the exten'. possible, the geography 

should identify potential problem areas 

early in the mapping program. Geographers and 

other specialists have considerable understand

ing of the climate, topography, vegetation, pop

ulation distribution, and social and economic
 

characteristics of the country. They can use
 

their knowledge to locate many areas where
 

problems are likely to arise. Even so, prob

lems will arise unexpectedly, and the staff
 

should be prepared to deal with them promptly
 

or risk adverse cifects on the quality and the
 

timing of the censes.
 

3. MAPPING VARIATIONS FOR PROBLEM AREAS 

Problem areas, from a mapping point of 

view, require materials or procedures that 

differ from those used in most cases. Varia

tions may be called for, either singly or In 
combination, to produce ubful census maps for 

these arnas. 'The most commor. variations are 

discussed bel.ow. 
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3.1 Change in map 6peci6icatiol 

Change in the scale of maps, change in the 


size of symbols relative to the scale, 
and the 


use of insets are examples of the kinds of ad- 


justments that can be made for certain problem
 

that have a low popu-
For large 	areas 
areas. 


lation density, small-scale maps may be 
econom-


that the enumerators need
ical and desirable so 


not handle several map 
sheets. Ideally, no enu

merator should be required to use a map sheet 


cm by 50 cm (16 by 20
larger than about 40 


inches), which is 
the size that would 

fit a
 

typical EA folder with a minimum of folding. 


For other 	types of areas, a large-scale map is
 

that trails, bicycle paths, walkways,
needed so 


and other details may be shown. A number of 


map insets may be the answer where sevzral 


located in an otherwise
small 	settlements are 


sparsely settleJ area. 


3.2 	Additon o% dection o6 nt and m 

mnade 6ea~Wte
 

For problem areas particularly, all es-


tablished routes that can be traveled by vehi-


cles should be shown, because people tend to 


live along such routes and the routes them-


selves serve as valuable landmarks. In addi-


tion, routes that may be passable only by 


bicycle, animal, or foot should be shown in 


order to help the enumerator to cover his area. 


Adding symbols or names for swamps, forests, 


watering points, and man-made landmarks may be
 

helpful. The needs vary with the kinds of 


problems. 


ln congested areas, there may be so many 


they cannot be readily identified.
features that 


a map drafted at
To represent all of them on 


the usual scales for urban areas may make the 


map cluttered and illegible; yet if the scale 


much, the 	 map r.ay become largeis enlarged too 

and hard to handle. Careful editing is needed 


to ensure 	 that enough detail, but not too much, 

is included. Streets in particular should not 


be omitted in an effort to reduce map clutter, 


because they are elements around which other
 

teatures are located and they are ordinarily
 

used for EA boundaries.
 

3.3 Modification oA EA size
 

Sometimes a fairly simple solution for a
 

problem area is to modify the size of the EA.
 

unusual barriers or
For example, if there are 

visible features or guidelines
if there are no 


the EA may 	be made smaller or
for boundaries, 


In many cases,
larger than the ideal size. 

can be very helpful
contour maps or air photos 


to the geography staff in setting EA limits.
 

U-se o4 ai' photo.6
3 


In some cases original source materials
 

show useful landscape features that are not
 

shown on the usual census maps; the NSO may
 

want to supply the enumerator with copies of
 

these source materials. Aerial photography,
 

particularly if recent, can be an especially
 

valuable tool in dealing with problem areas.
 

It can help locate wells, springs, irrigated
 

lands, and likely population concentrations in
 

arid areas. It can assist in locating mining
 

and lumbering camps, and it is virtually the
 

only feasible way of locating slash/burn areas
 

of shifting cultivation. For urban areas, air
 

photos can provide information on new housing
 

sites, redeveloped areas, squatter developments,
 

and multi-story ouildings.
 

3.5 Map sketching 

Map sketching (discussed in chapter 5) is
 

another source of supplemental map information.
 

It is discussed here as a variation of mapping
 

because normally it is not used for large areas.
 

However, if a few small areas exist that lack
 

adequate maps or air photos, a sketch map may
 

be the best substitute. An up-to-date sketch
 

can be produced that will show all the features
 

that are needed for census purposes. Neverthe

less, 	it should be noted that sketching requires
 

field 	visits and may be relatively expensive.
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3.6 Qulck cottnt ot !.Lt~I3c 1 

In some parts of the country, a quick count 

or a prelisting operation may be necessary to 


provide the information for delineating EA's. 

This occurs when local officials are unwilling 


or unable to 
supply IIU or population estimates
 

for small areas. In the quick count operation, 

the enumerator divides the area into sectors 

and estimates the number of HU's in each sector 

(a procedure similar to the sectoring requested 

of local officials, described in exhibit 6-4). 

In prelisting, each HI' is listed by address or 

other identification, and a count is made from 

the list. Both operations require field work. 

4. EXA,'.MPLES OF P-":OBLE'1 AnEAS 

The problem areas that are discussed in 


this section include those for which some nod-


ification of the usual census mapping specifi-


cations would be needed. Specific problems 


require specific solutions within the resources 


available to the census staff. As explained 

earlier in the chapter, the suggested solution 

may involve a sinle modification or a combi-

nation of modifications to the usual procedures. 

4. 1 A'+ea+ c+th ;++ mo!u~eat~oizs~ 

Areas may be sparsely inhabited for a 


variety of reasons. An area may be dry, cold, 


hot and rain::, poorly drained, mountainous or 


hilly; may have occupancy legally restricted; 


may be isolated; or may have other hindrances 

to settlement. Small areas of low density are 

not a problem; but when the population density 

over thousands of contiguous square kilometers 

is much lower than the typical rural nSity, 

changes in the specifications for census map-
ping should be considered. 

Sparse population is a problem because 

more effort and expense are involved in find-

ing and enumerating the people in such areas, 

More time arid money must be spent in traveling 

between housing units, with the result that 

enumerators canvass fewer people during the 

PROBLEM AREAS 

enumeration period. Frequently, travel. is more 
difficult because of climate or terrain. Where 

population is sparse, the need to allow for 

extra travel tim Should be reflected in the 

optimum population size established for EA's. 
There also mayl be a decision to establish a 

maximum land area size for an EA, regardless 

of its population; the enumerator is expected 
to thoroughly explore the EA and enumerate all 

th people in it. 

Another method of adapting general census 

mapping specifications to areas with few in

habitants is the use of a smaller scale, along 

with modified rules for the use of symbols and 

insets. Also, since the network of roads tends 
to be lim:ted, complete representation of all 

known footpaths, trails, etc., is recommended.
 

4.11 Areas with physical environment 

problems.--Areas of steep slopes (hills, moun

tains, or canyon lands) -re frequently sparsely
 

inhabited; so are poorly drained areas (swamps
 

or marshes), frequently flooded lands, areas
 

with hot wet climate (tropical rain forests),
 

and areas with dry or cold climate (steppe,
 

desert, or tundra). In all these areas, crop
 

agriculture is difficult, if not impossible,
 
over most of the land. 
 Less intensive forms
 
of land use are prevalent, and these generally
 

support fewer people. Topography and drainage
 

problems tend to make surface transportation
 

difficuIL, slow, and expensive.
 

These physical characteristics usually
 

are not shown on census maps. Landform fea
tures sown y contours or hachures require a
 

great deal of technical expertise and equipment 

to plot; moreover, they require color reproduc

tion equipment to show them well on EA maps. 

Their representation would miltiply the cost 
of map preparation many times. However, their 

presence could be indicated by general names, 

such as "Black Hills," and by point symbols 

and names for occasional scattered specific 

landmarks to alert the enumerator to difficult 

terrain in the EA. 
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Drainage problem areas usually are not 


shown, but names like "Cypress Swamp" may be 


used to alert the enumerator. Marshes and
 

swamps often have indefinite and variable mar-


gins. A solution may be to extend the EA to
 

some identifiable boundary to assure coverage 


of the area bordering the swamp, 


4.12 Nomadic areas.--In some areas no-


madic or mobile people form a substantial part 


of the population and cause special problems 


during the taking of a census. Such people 


usually are found in areas of climatic adver-


sity. Their nomadism appears to be a response 


to the need to exploit the resources of terri-


tory larger than the area that can be reached
 

from any one permanent residential site; their 

residential sites have become mobile ones that
 

can be picked up and moved, 


There are many different kinds and de-


grees of nomadism. Some groups move every few 


days, some move with the seasons, others move 


every few years. As long as there are groups 


in the population who are known to move, there 


are problems of mapping and enumeration con-


trol for census takers; the more frequent the 


moves, the more difficult the problets. 


In dry or cold areas, nomads generally de

pend on their animals for subsistence. When the 

grazing land in one area has been exhausted, the 


nomads move to another area. Other nomads move 


seasonally. In many cases, these movements are 


related to the availability of pasture land and 


water in cooler mountain areas during the sum-


mer, and the need to return to areas of lower 


elevation and milder climate in the winter when 


the higher elevations are snowbound. 


Nomadic movements ordinarily are not 


random; rather, they tend to be systematic and 


often cyclical. The NSO should study nomadic 


patterns in order to locate traditional routes, 


trails, and camp sites. These features should 


be indicated on the maps in addition to wells, 


springs, watering holes, and other key points
 

where nomads are likely to be found.
 

In the wet humid tropics, nomadism takes a
 

different form. In these areas, which usually
 

are forested, clearings are made and crops are
 

planted, but soil fertility declines so rapidly
 

that every 2 to 3 years the old clearing is
 

abandoned and a new one is made, usually nearby
 

and near water sources. This type of land use
 

and movement often is refer 'ed to as slash/burn
 

agriculture. It differs from other types of
 

nomadism in that it is based primarily on crops
 

instead of animals. Recent air photos would
 

be helpful in identifying such settlements.
 

4.13 Other areas of sparse population.--


There may be legal restrictions on human settle

ments in 
some parts of a country. National parks,
 
game reserves, and military installations are
 

examples. Information for mapping and delineat

ing such areas ordinarily must be sought from
 

government officials.
 

Some areas are so isolated and remote that
 

population has not spread to them. Others are
 

sparsely populated because of disease-bearing
 

insects or other serious health hazards. Maps
 

at smaller-than-isual scale may be satisfactory.
 

4.2 Rapid gutouig a'eat 

Areas in which the population settlement
 

patterns are changing rapidly are particularly
 

troublesome for census mapping. The problems
 

do not result from any unusual characteristics
 

of the settlement itself, but rather from the
 

fact that the settlement is new. The first
 

problem is to discover the area of growth.
 

After that comes the problem of updating maps.
 

A new housing development, for example, may not
 

occupy the area in the way the planners had an

ticipated, either because it is not complete or
 

because of some change from the original plan.
 

If the settlement on the ground is not
 

represented accurately or in its entirety by
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any existing map or maps, there will be prob-

lems. Here again, census personnel must ver-
ify or expand the details shown oi existing 

maps by investigating in the field, using re-

cent air piotos to update maps, or preparing 

sketch maps if necessary. 

-1.3 Co citcdla 

These art areas in which population den-
sity miy amont Lur:inv thousans of persons 

per square kilometer. Moreover, there may be 

only a few clear v ident i fied or named streets, 

city- blocks ;:%;,:: :int -J st , and therc may be no 

clear p t.t''rn 'tL) the arllnemenL oforder' 01r 

housin.u un iLis. Lo.eiis often are built Of 

(naarLerdr d map scale 

than is used for most cities ir order to show 
he relevant detail needed by enumerators. It 

may not he peis c mnap these areas without 

e:.:pensive and time-rons~umiuc field investiga-

tion. Nevertheless, because of the large num-

bers of people involved, good coverage of such 
areas is important. 

Thcpr oblem ,of congestion may be co0mpli

cared by the fact thlat such areas often are
 

dvnam ic. Tiev' ;row as 
 rwre anid moreo people move 

inuto Lhem. from srialer towns ind the country
side. At the 
 samet ti:-v, internal rearrange
ruents ma.' resul t as ti,, municipaliLv extends 


streets or 
 water Jinxes. Temporary make-shift 
housing may apptaitr ,r disappe.ar suddenly to 
chang{e thl..' charac; cr e, tue area. 

Thl, basic map problem in congested areas 

is that idequate current base maps are lacking. 

As a minimum, f i eId s ketch maps should be made 

as close to the census date as possible (pre-

ferably within the last year), and the scale 
of these sketch maps should be fairly large, 

perhaps as large as 1:2,000. Recent air photos 

also may be useful. 

4.4 Atems facking adequtte maps 

Some areas, like areas of rapid growth,
 

lack an accurate cartographic base. A map may 
never have been prepared. Without a good base, 

census planners have a difficult job In laying 

out statistical and administrative areas and 

in planning enumeration areas. 

Where the areas lacking adequate maps are 
primarily rural and sparsely inhabited, maps 

on a scale of 1:250,000 may be adequate. Such 

maps may be traced from enlarged copies of sat

ellite images, then annotated with boundaries, 

place names, names of rivers, etc. Maps of 

villages and hamlets must be developed from 
large-scale air photos fromor map sketches 
unless better maps of these places are known 
to exist and can be obtained. 

In other areas also, maps must be devel

oped from the best sources available. Existing 

aerial photography may be used, as well as other 

source materials; these materials may include 

maps prepared for military purposes or they may 
be statistical maps of various types that con

tain useful planimetric detail. In any case,
the census cartographer will be faced with the
difficult problem of compiling a useful map for 
census purposes when a usable base map does not 

Salready exist. 

4.5 A.eas wtvf unde1 ined n4 pobfem bounda.ies 

In order to separate areas from one an
other so there is no duplication or omission 

during the census-taking process, it is highly 
desirable that all areas be clearly and dis

tinctly bounded. Statistical areas are defined 

by the census organization, which can establish 

such boundaries for Its own convenience. Iow

ever, administrative divisions have their own 
boundaries which must be observed during a census 

enumeration; these boundaries must be determined 

and located in the best possible manner. 

http:disappe.ar
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When administrative boundaries have never 

been legally established, the census staff may 

(a) request another government agency to estab-

lish boundaries, (b) determine boundaries that 
are agreeable to all parties, or (c) establish 


boundaries for statistical purposes only. Of 


the last two alternatives, both may be costly 


to the NSO in terms of time, personnel, and 


expenses involved in reaching a decision. None 

of these is a good alternative to having an 

officially established legal boundary. The 

only other option may be the politically un-

acceptable one of ignoring the boundaries of 

such administrative divisions for purposes of 


the census. 

In some countries the problem is not that 

administrative divisions lack boundaries, but 

t-hat the decrees defining them are not codified 

or indexed, and are scattered among thousands 

of other government decrees. This situation 

amounts to not having any legal boundaries be-

cause the information is not available to the 

NSO; the resulting conditions and alternatives 

are the same as those described above for divi-

sions lacking legal boundaries, 

A different type of problem exists when 
boundaries have been established and the in-

formation is readily available, but the bound-

aries do not follow any identifiable features. 

Instead, they are arbitrary lines drawn with-

out regard for rivers, roads, or any other 

visible feature. Such a boundary may cross a 

road at an imaginary or unidentifiable point, 

Enumerators are not sure how far to go in order 

to reach the boundary, and they tend not to go 

far enough, resulting in omission and under-

enumeration. In extreme cases, it may be nec

essary to have the field supervisor establish
 

the location of boundaries (see chapter 7). 

In some countries extensive areas ma, lack
 

distinctive natural or man-made features 
that
 

can be used as boundaries. Straight lines
 

running between landmark points may be used
 

as boundaries; or points can be established
 

by measuring distances from landmarks, and 

lines connecting these points may be used as 

boundaries. Such boundaries are normally con
sidered undesirable, but they may be necessary 

in areas where nothing else is available.
 

Sometimes boundary lines must be set be
tween different tribal or language groups for 

enumeration purposes. This is a problem that 

requires careful field investigation in advance
 

of the selection of EA boundaries. It does 

not require special mapping procedures as much 

as it does field work. The preparation of maps 

for use in these areas may involve the print

ing of different languages on the maps. The 

location of language areas is especially needed 

if questionnaires in different languages are 

to be used in the census. 

A significant contribution to census im

provement can be made by having administrative 

divisions redefined to follow features that 

are visible on the ground and aire permanent, 

to the greatest possible degree. The census 

organization has a great interest in having 

good administrative boundaries. If these do 

not exist, the staff will be helping the cen

sus program by taking a strong positive role 

in seeking to have good boundaries established. 
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1. lVlf'TR , is subdivided, using maps or photos of even 

There is a great - I"iil 1x-tx.'eon11 t110 LIS' lare r scale. Finally, a sample of very small 
of maps and air phot ., in .- urvev and in a full areas (segrm'ents) is selected and, within each 
census. This chantc r w.,ill :-,sun lv h;r ,fselment, Ai units cL iible for the survey are 
oil those ele!,m e!nts :!: 0 to both "1110 interviewed.' ,I cu:;E1u1 

whichi havO heen dv*;cr .d in' -;her chalpte,rs. In- The roles of maps and photos in a census 
stead, it '.11 cu1',',trate o: i;su which are situation are (a) to assure complete areal coy
treated ill;I , . ! :-i 71.t: i:1i t '! " in si r- erai;e and count of the population within all
 
vey as opposd 
 a,..,eu.. TIe hasic differ- area and (b) to improve s;peed and accuracy of 
once bet'een ai , s ad -;turve': i:;that ai field upe rat ions. These roles are also common 
census o rd iar i is , 7,plete count of a pop- to thau usletof maps and air photos in a survey. 
ult ion,I',,i:1 :r.e si :C;, or ;elects , A majoro difference is that only tile small-scale 
certain units r.- that p,'puLation and attempts maps that delineate the PSU's are needed for the 
to stimate tI' :haracritics of th,< total '.,hole country. At subsequent stages, larger
(sampled and noi.- amnlud) population fromi the ;c lle. maps or air photos are needed only for
 
selec ted unit>,. The tota resources ivailable the areas 
 selected in the preceding stage. It 
for a survey are usujal ly lu;s than for a census should be pointed out that (a) in defining the 
but the resources per unit usually are li gitr PSU's, it is important that every part of the
 
in a s ,rve.. 
 country is included in one anid only one PSU 

Sa:,ple surveys vary consid:rablv in the (unless the survey deliberately excludes some
 
extent and manner of their use of maps and air 
 area) and (b) every part of every sampling unit 
photos. In some cases, a stm.-e is selected at the ktl stage is Included in one and only
 
directlyv from th- ceusu'; list ings; here, the one of the 
 smaller units defined for the k+ 

m-ip in materials r, for tLe cen sus stage.
repa rtd are 

used simply to help the field staff 
find and One distinction between mapping for area
 
collect data fromn the stelected units. At the 
 3ample surveys and mapping for censuses is the
 
other extreme i.-the area sample, for which a 
 greater precision required in delineating bound
multi-stage sample design is generally used. 
 aries, particularly at the final stage. In a
 
The entire country is divided into areas which 
 census, when the boundary between two EA's is 
are the primary sampling units (PSU's), using poorly defined, it is expected that the crew
 
small-scale maps for this purpose. 
A sample of leader will clarify the boundary so that the 
PSU's is selected, and each sample PSU is divid-
 enumerators involved will know exactly where
 
ed into smaller areas using larger-scale maps their EA's end. 
 Moreover, Interested citizens
 
or photos. A sample of these secondary units are likely to report that tLhey 
were missed or
 

were interviewed twice. 
 No such verification
 
m1n the context of this chapter, "survey" re- exists for a sample sjrvey. The adequacy of 

fers to any inquiry that is based on a sample. the survey coverage Is completely dependent on 

1 
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having well-defined and clearly understood bound-


aries for every segment in the sample. Accurate 


coverage within well-defined segments relies on 


maps and air photos to provide satisfactory in

formation on roads 	and trails that give access
 

to homes, agricultural holdings, or establish-


ments. As in a census, enumerators must canvass 


every street, road, and trail that appears on 


the segment map or air photo and all other roads 


or trails they encounter. 


Geographic and statistical operations can-


not be completely separated in a survey. For 


purposes of organization and responsibility, 


tasks may be split; but planning and operations 


require close integration of the geography, sta-


tistical, and field staffs. 


It is highly desirable that technical per-


sonnel, especially 	at the senior level, share 


knowledge and experience in "census geography" 


and "census and survey statistics." The sam-


pling statisticians are responsible for the 


2
sample design. However, such procedures as
 
stratification, multi-stage or single-stage 


selection, preparation and updating of the 


sampling frame, and quality control operations 


require inputs from the geography staff. The 


geography staff must provide maps, interpreta-


tion of air photos 	and satellite imagery, and 


other information that will be helpful in carry

ing out the sample design, planning enumerator 


assignments, and estimating housing unit (HU) 


or population counts when no statistical data 


are available, 


Most of thle procedures whichare outlined 

in chapter 2 of this manual will be required 

to carry out a survey, as in a census. In gen

eral, the geograpny staff for a survey can be 


2The strengths and 	limitations of the sam-

pling approach have been clearly described in
 
a previous publication, U.S. Bureau of the Cen
sus, Supplemental Courses for Case Studies in 

Surveys andCens, ses, SamplingLectures, ISPens~ses nd 

Supplemental Course Series No. 1, Washington,

D.C., 1968, pp. 2-4. 


Survys Saplig Leturs, S11out 


Figure 1a. COMPARISON OF GEUSLS AND
 

SURVEY lAPPING OPERATIONS
 

Census 	 Survey
 

Area Complete coun- Sample areas only
 

cover- try at several at large scales;
 
age scales; EA maps coverage of com

at large scale 	 plete country at
 
smaller scale for
 
sampling and for
 

publication
 

Lead Suggested 2 to Usually shorter
 
time 3 years for com- depending on size
 

plete mapping of survey and
 
program quality (age, scale,
 

coverage) of exist

ing materials
 
Geo- Preparation of Smaller but more
 
grpi a rative flle staffrt
graphic administrative flexible staff to
 
work division lists; carry out special

preparation of ized work related
 
base maps; EA to sampling (field
 
delineation; checks; stratificafield checks; tion; segmenting;
 

updating; train- quick count; pre

ing; quality listing; etc.) and
 
control; publi- certain census-type
 
cation of maps operations in the
 

selected areas
 

smaller than for a census because less land area 

is involved in the mapping operations. On the 

other hand, greater flexibility and a wider 

range of tasks may be required because of the 

more complex operations associated with a sample 

survey (see figure 13a above). 

2. SURVEY DESIGN CONSIDERATINS
 

Survey planning requires that a number of
 

questions be asked. Answers to these questions
 

will determine what detailed operations must be
 

carried out. For example, does a previous cen
sus exist? This is an important consideration
 

for survey mapping. If a good census base ex

ists, then census data and materials may be used
 

in the design and implementation of the survey.
 
If not, other courses of action will be neces

sary. rliey are conditioned by the availability 

topographic or planimetric sheets with or with
administrative division names and bound

aries, and special 	maps (such as population
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density and distribution maps) which may help 

guide the survey, 

Surveys usually have limited resources,
Surveemsntushallyhaheveelimitedtlresourcesh, 

and results must be available fairly quickly if 

the survey is to be useful. At the onset of 

survey planning, it is useful to look forward 

to the end of the survey, ask what the users 
want, then examine the time and resources which 
can be made available to achieve tile desired 

results, 


,.I ',kjot ttfpc.S C u t wL:tl 

Surveys can he characterized by the type 

of in formation t be collected, llousehold sur-
veys seek d .;ogra phi c, ociLa . economic, or 

health in :o rmation for household tnits, house-

hold heads, or individual people. A,ricultural 

information is ,-ollectd from a sample of agri-

cultural holdin;-. For economic data, surveys 

of manufa,:zurvs, ,:,nstruction, wholesale and 

retail trade, and services will use the estab-

lishment as ti e elerent to he sampled. Surveys 

of employment mav use either the establishment 


or the household as the element, 


The appropriate sampling technique may vary 
according to the type of survey and the mate-

rials (including census data, maps, and air 

photos) available for sample design. Questions 

of sampling theory and practice are beyond the 

scope of this chapter but it can be noted that 

some form of multi-stage sampling is often de-


signed, utilizing maps and air photos to a great 


extent, 


Some countries aave adcquate map or air 

photo coverage but poor lists of units (house-
holds, agricultu'ral holdings, establishments, 

ktc.) to -crvu as a smmpling frame. Area sam-

pling is quite :Common in such casus. 3 'laps and 

air photos can be used to modify, update, or 

a'riculturjl surveys, 

of Agriculture, Statistical Reporting Service, 
Area Frame Sampling in Ayriculture by Earl E. 
louseman (Washington, D.C., 1975), SRS No. 20. 

cor see U.S. Departr_,nt 

supplement sampling frames. New air photos can
 

provide information on recently huit-up areas 

of cities, and they can show the existence of
 

settlements which have been recently established 

and may not appear on the maps or village lists
 

at survey headquarters. 

2.2 Atea Satipee vens Ui~t Saiipf 

As stated above, area sampling is commonly
 

used in surveys. Small land areas with recog

nizable boundaries are selected and enumerators
 
are expected to 
cover each area. If the sample
 

is selected from census records, the sample area
 

may be a census EA or part of an EA. In large 

urban places, a selection of city blocks would
 

be an example of area sampling. 

In many surveys, a list sample is used-

in whole or in part. The sampling frame may 

be a list of villages, a list of IIU's or house

holds, a list of agricultural holdings, or a
 

list of establishments. Usually systematic 
ran

dom sampling is used. The sampling plan will 

indicate which units have been selected, or it
 

will provide a procedure for selecting the units
 

once they have been delineated on maps or air
 

photos or prelisted in the field.
 

2.3 One-t'me v msuscontb iu bg smveys 

One-time surveys require that map and air
 

photo coverage be provided in the most practi

cal manner consistent with available resources
 

and existing information. Continuing surveys
 

can afford to put more resources Into mapping
 

to spread costs over future operations.
 

Continuing surveys require constant up
dating and careful identification and filing
 

of maps for later use. Boundary stability for
 

statistical areas is especially important in
 

continuing surveys.
 

2.4 GeoqAapmic codhiq syqstem 

Te importance of a geographic coding
 

system has been discussed in chapters 2 and 6. 
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If the country has had a census, the same geo-

coding scheme may be used for 
the survey. 


In the 
coding system, a small administra-


live division 
or census EA with known bound-


aries is identified by a number. 
The number 


serves to provide a simple, unique identifica-


tion 	for (a) planning operations, (b) selection 


of sample units, (c) assignment of enumerators, 


(d) compilation of existing data, 
(e) control 


and processing of survey data, and (f) storage, 

retrieval, updating, and numerical analysis of 


the information. 
Space might be retained in 


tile coding system for designation of the stra-


tum from which the sample was selected. The 


advantages of such a numerical identification 


are 
present whether or not a computerized .n-


formation 
system is available. 


One feature of a geographic coding system 

is that it is expandable to finer and finer 


levels of detail by the addition of digits. 


With 	 the addition of a unit number or a serial 

number, every unit (sampled and non-sampled)
 

would have a unique identification. 
 In the 


sample areas, this number can be used to estab-


lish correspondence between a map (or photo) 


location and a line on the listing form. 


The more widely a coding system is applied, 


the more useful it becomes. Ideally, a coding 

system will be common to 


government as well as to 

system applicable to any 

be "exhaustive" and the 

exclusive," meAning that 

of the 

all ministries in the
 

the NSO. The coding 

national survey must 

codes must be "mutually 

the entire territory 

country (and at any single moment the 
entire population of the country) is 
covered, 


no areas are 
left 	out, and no areas are in
cluded twice. A useful principle is to make 

the 	initial territorial subdivision as fine 
as 


possible. It is very simple to aggregate totals 


for small 
areas into large areas, but much more 


difficult 
to break up large areas correctly if 


the initial subdivision was not 
fine 	enough. 


3. EVALUATION OF EXISTING RESOURCES 

The 	design of a survey must satisfy a num

ber 	of requirements. 
 Mapping activities in
 

particular are 
guided by the answers to several
 

fundamental questions:
 

(1) 	What is to be achieved by the survey, what
 

variables are of interest, and what level
 

of detail is needed? The survey design

must consider what characteristics are to

be measured to achieve the objectives, and
 

for which subdivisions of the country.
 

(2) 	What are 
the existing resources? These
 

include staff, organization, census data,
administrative and cadastral records, and
 
lists of villages, as well as mapping
 

sources. The survey staff needs to con
sider how they can use 
the resources most
effectively within the limits set by 
the
 

survey goals, time, and budget.
 

(3) 	What new sources must be developed or what 
modifications must be made in the existing
 
materials 
to meet the survey goals. In
 
answering this question, the survey staff
 
should consider whether there 
are alternate 	or multiple uses for the required 

materials so thatamong several the costs may be shared 
projects.
 

Existing mapping sources may 
include but
 

are not limited to the following:
 

(1) 	 Administrative division maps. 

(2) 	Census EA and crew leader 
area 	maps.
 

(3) 	 Topographic or planimetric maps with or 

without boundaries and settlement names.
 

(4) Air 	photos and satellite imagery, either
black and white or color, of varying dates 

and scales. 

(5) 	 Photo mosaics and orthophotonmaps. 

(6) 	 Index maps and air photo indexes. 

(7) 	Specialized large-scale maps such as 
maps
 
of urban centers.
 

(8) 	 Specialized small-scale maps; for example
those showing land use, 	 soils, population
densities, languages, and transportation
 

linkages.
 

Some field checking of these sources will
 

be necessary to (a) make 
a general assessment
 

of quality and (b) update mapping materials in
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areas undergoing rapid change. Usually the 

checking and updating will be concentrated in 

the areas selected for the survey. Mipping 

materials should be evaluated for a survey in 

much the same way as for a census (see chapters 
3 and 6). 

4. CO!OPINqATIONI, TESTIN,',G AMP TRAi~ilNG 

Coordination, testing, and training are 

essential preliminaries to full-scale survey 

operations. The work of the geography staff 

will be coordinated cith the sampling, enumera-

tion, and data proce.ssing- operations. All pro-

cedures need to h) tested and incorporated in 

training sessi,,ns 1or th, staff. The geography 

staff wil have pec ific training responsibili-

ties in the interprotation and use of maps and 

air photo-;, and in the production of sketch maps 
where ndceesarv. 

5. ROLE OF 'fAPS AT0 AR PHcfS IN 
SURVEY OPERATIONS 

Adequate maps and air photos are just as
 
essential for carry.ing' out a survey as for a
 

census. High-cost maps ard air photo coverage 

may not always be feasible but there is a mini-

mum level of dequ.cv required. Moreover, much 

can be done with lower-co.:t mapping materials 


and careful supervision. 

5.1 Coasti t PS01'5cUac l 

Primary sampling units (PSU's) are the 


first-stage units in a multi-stage sample. A 

PSU may be an administrative division, anE, 

or a combination of administrative divisions 

or EA's. When combinations of EA's or admin-

istrative divisions are necessary, maps are 

helpful in indicating which areas are contig-

uous. 


5.2 StatP icatoz o4 PSUI 

Stratification IS often important in 
a 


sample survey but is not required in a census, 

Stratification is simply the grouping of those 

administrative divisions (districts, villages, 

cities), EA's, or other units that have similar 

characteristics. The homogeneity principle 

discussed in hapter 15 is the basis for strat

ification. 

Usually urban areas are first stratified
 

by size, using the definition of "urban" that
 
was established for the previous 
census (or, 

if no previous census, the definition estab

lished before selecting PSU's). Within urban 

areas, strata may be based on population or
 

structure density, housing characteristics, in

come level, health factors, or other variables 

of interest to survey users. Nea-residential
 

land use may delimit other urban strata.
 

In rural areas, strata may be defined by
 

agricultural characteristics, land use, and
 

population density. Figure 13b represents the 

rural strata used in 
a demographic survey in
 

a country. In this case, topography and water
 
distribution are closely correlated with labor
 

intensity on the agricultural land which sup
ports the population. Ihousing types, settle

ment patterns, and population density are also
 
correlated with these physical, agricultural, 

and water distribution characteristics. High 

quality irrigated land supports a higher popu

lation density than marginally irrigated land, 

dry farming land, or pastures. For tile coun

try in question, these broad characteristics 
were sufficient for the stratification system
 
required.
 

5.21 Use of air photos.--The ordering of 

PSU's by characteristics is a form of stratifi

cation that makes It possible to select a more 

efficient systematic sample. For example, If 

all PSU's in which cotton is grown are listed 

consecutively and a systematic selection is made, 

there is some control on the sampling error of 

the results. 

Stratification is most helpful when it 

achieves a high degree of homogeneity within 

strata and heterogeneity between strata. Census 
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results or administrative records are the pri-

mary basis for stratification. However, if such 

data are not available, estimates of pertinent 

characteristics can be made by examining air 

photos, topographic maps, or statistical maps. 

Air photos can be helpful in stratifying PSU's, 

as illustrated in figure 13c, which shows an 

urban area (I)), a rural area under crops with 

scattered farmsteads (RI), and a sparsely set-


tied area (R2). Another type of stratification 


applicable to an agricultural survey is shown 

in figure 13d. Clear contrasts in agricultural 

land use are visible in the irrigated and non-

irrigated areas. Close cooperation between the
 

,,eog raphic and statistical operations is most 

desirable at this stage of the survey design, 

5.22 Panel assessment.--In some countries 

numerical data for creating strata do not exist. 

Assuming that some kind of map coverage and a 

list of administrative divisions are available, 

it is possible to ;tratify based on the subjec-

tive knowledge of a panel of experts who are 

familiar with all parts of the country. Relevant 


variables might include agricultural character-

istics, settlement patterns, and housing types, 

all showing similarity within a stratum but 

dissimilarity with nearby strata. This type 

of stratification would normally be a coopera-

tive operation carried out by the geography 

staff and the sampling statistician. 

The point is that for any given problem 


there will always exist within a country a num-


ber of persons whose knowledge of the area is
 

A task of survey design is
very considerable. 


to structure this knowledge In a manner which 


is most useful for conducting the survey, 


5.3 Segmnenting 

Most sample designs require that PSU's be 


subdivided into smaller units (sectors) with 


clearly defined boundaries. Often these, in 


turn, are divided into segments and one or more 


segments are selected for the sample, 


Ideally, segments should be small enough 

so that all the units in the selected segments 

can be included in the survey sample. Thus, in 

addition to knowing the boundariec of each seg

ment, it is essential to have an estimate of the 

number of IIU's each segment contains. It may be 

possible to delineate segments using existing 

materials. For example, where there is a mod

erately recent census, the EA's can be used as
 

segments, since the census counts for most EA's 

will still be satisfactory and the EA boundaries 

will be identified adequately on the census maps 

or air photos.
 

Where EA boundaries are unsatisfactory, or
 

where there have been major changes since the 

census (for example, construction of a housing 

development on previously unused land), it will 

be necessary to send someone to the field to try 

to (a) locate the EA boundaries and make sure 

they are marked on the map or photo and (b) count 

or list the units in the EA. Where there are air 

photo.' of sufficiently large scale, it may be 

possible to identify EA boundaries (or redefine 

some EA's if necessary) and make a satisfactory 

count from the photos.
 

Where there are no satisfactory existing
 

materials, it will be necessary to create them, 

obtaining maps or photos for delineating segments
 

and getting IlU counts either from air photos or
 

by sending someone to the field. The process is
 

similar to that of redefining EA's (mentioned
 

above).
 

5.4 Aid in enuntenation 

As in censuses, maps and air photos are 

necessary for enumeration in a sample survey. 

They should be as current as feasibl ;, and at a 

scale that will enable the enumerator to mark 

the general location of each sample unit, par

ticularly if the survey is a continuing one and
 

repeat visits are required. For purposes of
 

planning and control, small-scale maps also are
 

needed.
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5.41 Delimit sample segment.--One of the 

major uses of 
a map or air photo is to indicate 

the boundaries of the land 
area that is to be 

covered in the sample. 
 If the sample design is 


based on data for a precisely defined area, then 
the map or air photo must clearly indicate the 

boundaries of that area and the enumerator must 
cover that area--no more and no less. 


5.42 	 Indicate location of sample unit.-p--


For list samples, a map or photo can he help-

ful in indicating the location of the sample 


unit. 
 In some cases, if recent mapping mate
rials exist, the sample units 
can be selected
 
directly without the need for listing indlvi

dual units. It is important that the list and 
the map or photo be keyed to each other so 
that the sample units becan easily located 

and identified in tihe field. 
5.43 Aid in planning, administration, 


and qalitcontrol.--Natural 
 features such as 
mountain ringes, rivers, and areas of diffi-
cult access, as revealed on topographic maps, 
may influence clustering of sample units since 

it is desirable to keep travel 
costs and time
 
at a minimum consistent with good statistical
 

practice. Maps and 
 air photos can also assist
 
the survev staff in planning the location 
 of
 
field offices, making 
 enumerator assignments, 

and dispatching 
staff and vehicles. 

Most surveys involve quality control of 

the field enumeration. Comparison of the 1IU 

listing and other survey materials with the 
identification of structures on an air photo, 

for example, 
 would reveal possible omissions or 

over-enulmeration 
 such as including structures 
outside the segment boundaries, 

5.44 Reduce error.--Statlstical surveys
 
are subject to both sampling and non-sampling 
error. The careful use of maps and air photos 
at all stages of survey design and implementa-
Lion can reduce total error principally by 
assuring inclusion of all units in the sampling 

frame and by helpiig to assure accurate cover-

age of units in the sample. Other forms of non
sampling error can be reduced through training 
and quality control, again involving the use of
 
maps and photos in the field.
 

. Est-ncttog -ncenstws data the ab ence of suort . . . 

A serious problem in most sample surveys
 
is that, in spite of precautions, survey cover
age is inconsistent with census coverage; 
that
is, when the survey results are inflated bythe
 
reciprocal of the 
sampling rate, 
the resulting
 

totals are below or above those projected fr.:m 

the last previous census (due to .sampling vari
ance and differences in coverage). These diffi
culties can partlyhe corrected bv the 11:e of a 

ratio (instead of the sampling rate reciprcal)
of some known value of the popuilt ion to thw: 

corresponding value for the sample. For e:.:amplc,
the "inflation factor" for an agricultural sur
vey might be the ratio of the total land in
 
crops for all holdings as repo:ted in the pre
vious agricultural census to the total 
 land in
 
crops reported for the I'ldings in the 
 sample. 

When suitahle data are. not available from
 

the census, mapping, materials can somet imes
 
offer a suhstitute. 
 For example, a count of
 
the total 
 number of residential structures for
 
the entire popLatiOn Might e made from air
 
photos 
and divided by the corresponding count
 
for the sample segments. This ratio could be
 
used to inflate the survey count of lIU's or
 
persons. Although 
 not very precise, inflation
 
factors derived 
 from air photo counts or meas
urements 
 (for example, measurements of land area
 
with a planimeter) 
 may give better results than
 
tile unbiased 
 sampling rate recipro-,i. 

6. :,lAPPING MATERiALS 
If tile country has had a census, the sur

vey staff should examine the mapping materials 
to determine how they can he used in surveys. 
In evaluating them, the staff should consider 

whether they are the best materials for a survey 
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or whether now materials should he obtained include boundaries of administrative divisions
and what kind. For example, obtaining an air which are important for survey operation.;,photo instead of making a sketch If 
map to sub- this is tile case, it is often desirabledivide an EA may to placesave time and travel and thus administrative boundariesbe more economical and their gee-codedwell as more accurate,as 

reference numbers
The choice on the topographic sheets.of materials to be used may depend This step call he carriedsomewhat on out jointly by the NSOhow the sample is selected--whether geography staff and the mapping agency (if theycensus or other data are used. are separate organizations). 

6.1 Topoga.o. c and othc- nkajos 6.2 Ske tch maps 
Most censuses use a variety of mapping For sonic areas, sketchmaterials to prepare maps may be availthe base maps, EA maps, able. If they are more currentsupervisors' maps, than other maps,office rmaps, and publication they may be satisfactory for usemaps. in a survey.For samples -"elected on the basis of EA For example, sketchcounts, maps of certain unmappedEA maps are essential. if the sample areas may have been made for the census or forselection is ba:sed on some other division of malaria control programs.

the country, then maps for that division are 
needed. 

6.3 Ait photos 
Ordinarily, if adequate census maps are As mentioned earlier,available air phetos, photofor the selected sanple areas, they mosaics, and orthophotomaps can be useful in 

would be used for the surve y. The EA maips stratification, especially for agricultural 
particularly, w.4.
lines 

have been corrected, boundary surveys. For later samplingwill have been stages also, theredrawn, major features will are considerable advantages tohave been tihe direct useadded (or deleted), and possibly tile of large-scale photographs
location or of tracings madeof iHU's will have been indicated from photographs.on Note that administrativethe maps for rural areas, 

boundaries must be indicated on air photos.A country with complete sets of topographic If air photos were used in thesheets is census, thein a very advantageous position for survey striff should examinemany aspects of survey work. 
them for use inJust as physical survey oporations. If none are availableor specialized frommaps at small scales may be used the census, the staff should look to otherfor .-tratification of the country, larger-scale sources for availability of photography--attopographic map series may be used for more de- least for tile areas selected fortailed stratification the sampleor sectoring and as the (refer to chapter 4 for possible sourcesbase for photo index maps. ofThese same topo- aerial photography). Ordinarily, photosgraphic sheets, when fromissued to field teams, can such sources are not serve to guide the team to 

of large enough scale orthe correct survey clear enough In detail for direct groundlocations and useto make certain that all of tileselected at the enumeration stage.areas are correct] y canvassed and -hatno extraneous area: are included. 
Two optionsdepending are then available.on tile The first,quality

Topographic sheets normally 
of existing coverageprovide selec- and available facilities,ted coverage Is to produce photoof natural and man-made features graphic enlargement of det-ailsand selected names. of areas whichIn general., they do not have been selected for the survey. If time, 
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money, and other resources permit, a second 
knd 

more desirable option is to undertake large-


scale photography of the selected survey sites, 


The final selection of the sites to be in-

cluded in the sample is usually the result of 

several stages of stratification and segmenting 

to the point where small areas are selected for 
enumeration. The survey design can incorporate 

clustering and other measures to reduce the num
ber of sites. There is no question that taking
 

new large-scale photos is a costly process that
 
presents problems of timing and procurement of
 
supplies. Frequently, 
the air photo approach 


is rejected on 
this basis. Such objection would
 
be an important considerationi in the case of a 
full census, which requires detailed mapping of 

all areas of the country. However, it may be 
feasible for surveys, which require detailed 
mapping only for selected areas, 

Because air photo operations can be carried 
out in less time than updating maps or ground 
sketching, the overall cost may well he lower 
and the speed and accuracy of the survey opera
tions can be increased. Again, survey planners 
should be aware of uses ofmultiple photography 
so that the costs can he shared with other pro-

jects. For example, water supply projects may 
share costs for urlban coverage, and irrigation
 
and land manageme.nt projects may serve 
 the same 

in general, the use of current large-scale 

photographs produces better 
quality results 


than making a sketch 
map of each site. Walls, 


buildings, 
 and other large objects generally 
conceal a complete view at ground level, 
so 


that the map sketcher cannot complete his task 
accurately. With the help of an overlay or 

markings on the air photo to identify key fea-

tures by name, enumerators can be trained to 
useing the not asmay photosbe enumerationeasy, however, maps. Such train-

Jt is desirable that the air photos be 
current and large scale. 
Compared with a map, 

an air photo has more detail to help the 
enu
merator find his way in and around the sample
 
area. 
 On the other hand, too much detail or
 

information that outis of da e can often be 
more confusing than helpful.
 

6.4 SatriZtc bnagerty 

Satellite imagery may be of assistance in 
stratifying rural areas, based on land use or 

vegetation. Greater use is 
often limited by
 
small scale, poor resolution, lack of ground
 

truth, and unavailability of proper equipment. 

However, satellite imagery ais field of rapid
advance and may soon 
become significant for par
 

poses of conducting surveys (see chapter 14). 

7. MAPPING FOR HOUSEHOLD SURVEYS 

If a household survey is part of a census 
program (such as a post-enumeration aurvey), it 
may be a list sample of every nth household 
enumerated in the census; or it ma.v he an area 
sample, especially if it 

coverage. It is assumed that most other type2s 
of household surveys use area sampling. 

7.1 I goo'd ccalsu bas, c .Sxtc 

It is expected that countries which have a 

good census base (data and mapping materials)

will use the census resources in designing
 

their surveys. A good census base makes thetask much easier. Thus, it is important that
 
countries take necessary precaut ions 
 to keep
 
all the census mapping materials and small 
 area 
tabulations (for example, EA maps and tabula

tions). 

When a census base exists, it will almost 
always be desirable to start by Selecting a 
sample of EA's. 
 Sometimes, EA's will be smallenough so that all the [lU's in a selected EA 

can be included in the survey sample. In other 

cases, EA's can be divided into sufficiently 
small segments on the basis of 
census materials
 
without further field work. 
 For example, the 
houses may be numbered (either by the census 

http:manageme.nt
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emerator or b)' a source such as the malaria ,7;",,r, 13, . UN OP AIN, ',,( OF Q11TCK COUN'11' LA 

control authorit) , and these numbers may be (S f"o , 
1 '; , st,, andy eh?,ate of 

entered in the correct locations on a map or I1o l.. itO) 

air phote; or it nay be possible to count the
 

number of houses in,each na ll area on a large- 4
 
scale air photo. 
 L0 

0VhCre !A's o setgments arc too large to 	 eu I C 

(Dincl. e all tile units ill 11e smple and it is 

not possible to suild\ide the E. or segment 

fuirther-, i:s.n ccnsus :ietlit will he 

o . r to :I.ea fiCld Visit to obtalin the
 

requ ired infr::.i t ion or sbsa p"Iin ,. This sub

sampl In :",iv - o:L iln1r i',l: i (,;ilick count)
 

or a Ii bra:; i r t n or Consoe combi- O
 

nat ilno irci an l ,0
 

7.11 'ib coi'' v' iistinc.--iEn t1e 

quick count opcra ' i,,.:1: EA is divided into X
 
s,,,aller I . cc-as 't, .'th ident i iihl--
 Rea
 

bnillldari ,::, ,-!ld an , st ima e ,f 11V''a is obtained l - d 

o r -;e 5I:.: f i .ur, 1li. h liquick 	 O 

count 	 i e ppro::imite, it m.ust not contain
 

lar.;c, error,.
 

!, d l the cO are EA 

II ,SSia:lcd. if" 1h,. teted s;ctor is small, 


(2, tor incf12 i CuunIt 	 A boundary 

xX*(XX Sector boundary 

all the il", in it are intervie','d. If it is
 
0 200m 400m 600m 300m lO00m
too large t o rmit intor'i'ini7 all households, 	 I I I

I kilometer 
it wouid b, prclisted and subsampled. If the 

area is remote or access is difficult, it may 

be unore economical to orl't the quick count and 

prelist the entire area on tile first visit. The quick count procedure to subdivide an 
EA is usually more economical than prelistingIn the prelisting, the enumerator records 
a large number of ltU's. To make the savingsevery :iU in the s elected sector by address or of a quick count possible, it is important 
to
 

other identification adequate for finding the have good maps or air photos so that thle enu
fuP later. If there aro no good addresses, it merator will. be guided by easily recognizable 
may be permiss; ihl e to mark I's with metal tags, features (roads, trails, streams, etc.) which 
paper stickers, chalk, felt-tipped pens, or 

canl be used as :;ecto r bounda ries. 

paint. ihese identification marks should be 
keyed to the Iisting form and placed on the map 7. 12 Use of tlL: . .orsketch maps In ujck 
or air photo .,here possible. Since a sebsample count and prellsting.--If the suirvey design 

of tile prel lsted units may he selected for in- selects census EA's, then ropies of the cellsils 

terview, the prelisting must be complete and EA maps or ,iketche:; woo ld ordinaril.y be used 

accurate, for tle quick Count and prelisting and later 
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for interviewing. In addition to a large-scale administrative data, analysis of air photos, 

EA map, the geography staff might provide a or other available indicators. The staff will 

small-scale map of the general area to help tile need to be sure that all administrative divi

enumerator to locate the sample site. 	 sions, down tL the lowest level, are included
 

in the estimates.
 
count, the enumeratorIn the quick 	 can 

mark the sector boe..idaries directly 	on the map. It is assumed that the final selection of
 

In rural areas particularly, it may be diffi- sample sites will likely be che result of sev

cult to find a specific IIU on a later visit. eral stages of stratification and segmentivg. 

During prelisting the enumerator can indicate 	 At some point, the selected PSU will need to
 

the approximate location of each lIU by putting be subdivided. The quick count and prelisting 

a symbol on the map and entering the listing procedures wil) be required in the same way as 

sheet line number next to the symbol. To do described above when a good census base exists. 

this, the map must be of reasonably large scale. Mapping for these operations can be handled in 

ways.
If the census map for a selected EA is several 

missing, it may be possible to reconstruct the 7.21 Acquire mafps of the saiple PSi's.--

EA by examining the boundaries of surrounding To acquire maps and to prepare them for use 

EA's. Other adjustments may need to be worked in a survey require the same procedures as for 

out between the sampling statistician and the a census (see chapter 6). MaLterials should be 

geography staff. 	 updated, and they should be of reasonab l' large 

scale. Sector boundaries can be marked on the 
7.13 	 Use of a ir photo s in quic k count and 

appropriate location of each HLU,
prelisting.--Air photos, or tracings from them, map and the 

in rural areas, can be indicatedin the census ordinarily would particularlythat were used 
directly on the maps. It should be pointed out 

be used in a survey for the quick count and pre

that maps are needed only for te areas that 
listing, as well as for interviewing. Sector 

photo are selected for the sample--not for the entire 
boundaries can be mairked directly on the 	 country.e 'Fil suve staked shouldl considerhoto 

with a special pencil (grease pencil). As with country. Tbe survey staff should consider the 
that are available and whether the 

maps, each lit? selected for the final sampling map sources 

moreidentified by marking acquisition and updating of uaps 	 will be 
stage can be specifically 

1lI1 on the photo. advantageous than acquiring and working with 
the location of the 

air photos. 

7.2 	 1(, poot oi no cutsus ba.e exists 7.22 lake sketches of unmapped PS'J's.-

census EA In some instances, map sketching is necessary.
The situation may arise where 

where EA counts During the sketching, the sketcher call make a 
maps were lost or destroyed and 

In other cases, a rough outline of the area and carry out the 
are no longer available. 

If considerable travel time is 
country may not have conducted a full census. 	 quick count. 

Nevertheless, a successful survey can be con- involved, it may be economical to prelist at 
Neerhles sam discsse hon- asuccssfu suve bn 	 , 

the same time. As (iscssel in chapter 5, map

ducted. Careful coordination will be needed 

special training andsketching requires some

between the geography and statistical staffs. 

most economical mapping
Even more than in other problem situations, it usually is not the 

on maps and air procedure.is likely that heavy reliance 

photos will be required in the sample design. 7.23 Obtain current air Ihotos of PSU's.--

Mapping materials should be supported by some Current large-scale nir photos or photo enlarge

crude estimates of population size based on 	 ments can be satisfactory mapping materials for
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the quick count and tile prelisting. If th, PSU 
is large in area, photos can be taped together 

into a crude mosaic. Boundaries of the sectors 

may be marked directlIV on the photo and the pre-

listed units can also be indicated. If the air 
photos are not current, it iS ustnallv necessary 

to visit the sarp le site and update the photos 

in the samiv ,'iy tha, maps are updated. Hw-

ever, with up-to-date enlarged nir photos, it 

is often pos ihle to do the quick count in 

tile stat.isi ial ,Io ice ,,ith, ut A field vi it. 
Except pe rhas: in dce populated areas, the 

survey StaIff :-'v b Ic tc divide the P'1' into 
seCtors and . t ;c ',er H!'s in each 

sector. I1n sc,:: i: .- ,:i, pea e to 

eliminate .reIi:.i,: :,: d .-i.,t t-i fi..l salm-


ple units dilirc'.)t lv 'r.: t2;' pho 

Fhe, 	 fol L Axi r e- -to-;.t 

respvc Lt 0La 0 ,, 1ri ~i c:,. d !s~- i r oio tos 
for a sam.ple sur,:'ey. hL.v aru nc ,-tostlvc ued 


with ways to e,:ooie :, partickiri, Ly no 


photos rrom tr census a' vibe, 


(1) 	Use air photos or traci .,sof air photos

instead of making, MZpI::echD Expe rI
ence 	 has !;hor,that it ia oenerallv easier 
to train field ,ners,_nul in airtple interporain of lar-sale phonos than iner-pretation of -a;es:aeph(,tosthan in 
preparing s,'tche., 

(2) 	Enlarge existin, air photos instead of 

re-photographing at ai larger scale, 


(3) 	Insofar as po.ssible, take photos in the 

appropriate season.
 

(4) 	Use black and white photos if color film 

is very ex<pensive to process.
 

(5) 	Use special pencils (grease pencils) or 

pinholes to indicate features so ,hat the 

photos can be 	used again. 

(6) 	Use photo indexes, photo index mapt, and 
uncontrolled mosaics instead of co-itrolled 
mosaics (see chapter 10). The mosaic may 
be re-photographed at a srnaller cal . 

(7) 	4void working with stereopairs; obtaining 
stereopairs will double the r:o, t of the 
photos. If most buildings are cnly two 
or three stories high, relative heights

of shadows can be used to est imate build-

:ng hLei ghts. 


(8) 	 Prepare photo index maps. I.f topographic 
available, coveragemapsfied 	areby roll photo identiand 	 exposure number can be
 

plotted directly on the topographic sheets. 
If topographic sheets areLnot available,
it is recommended that photo; be plotted 
on some kind of outline map a,.sa guide. 
Topographic sheets have the advaltage of 
associating anty names on the ma p with 
features on the photos. 

(9) 	Use photos to make quick counts or, where 

possible, to select sample units and avoid 
making field visits.
 

Although it may lo creasc the cost, dupll
cate 	sets cf hztos and indexes should be made. 

Sets 	 should be available in tile NSO for (a) ref

erence when the first set is being used in the 

field, (b) replacement of photos that are lost, 

and 	 (c) use in quality control and training. 

S. 	 'IAPP NG FOP OTHER TVPES OF SURVEVS 

A number of surveys use tile household ap

proach to identify the unit for which data are 

to be obtained. For example, although an agri

cultural survey collects data for holdings, it
 

may 	 identify the holdings through a sample of 

households or 	IU's. Similarly, some types of 
economic censuses use the household approach
 

to identify the economic unit 
for which data
 
are to be gathered. The basis for stratifica

tion is different but the other mapping consid
erations are much the same as 
for household
 

surveys.
 

Agricultural 
surveys may use 
maps or air
 
photos directly to stratify and to select the
 
sample. 
One 	way is to 
superimpose on 
the map 
or photo a grid on which dots have been placed 
in a systematic random pattern; each field In 

which a dot falls Is then included in the sam

pie, or the holdini represented v the dot may
be included in the sample. Ihis. procedure re

qu i.res that the malps or photos he ,,f large seal e 

so that the field can he located on the grounid. 

Air photos can be used also in the s.ample
 

design to select areas of cultivated or uncul
trivated land, 	or to select clusters of fields.
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Another use is for determining area in crops. 


For example, the enumerator can report which 


crops are grown in an area, but the actual land 


area of the fields may be more accurately deter-


mined if they are measured on current air photos 


by using a planimeter. Still another applicn-


tion is to measure entire sample segments on 


recent air photos and adjust the enumerators' 


entries for the areas of the fields that make 


up the segments. 


Economic surveys may use the establishment
 

and the household as the units of enumeration.
 

In some surveys, -' list of large establishments
 

is compiled and a sample selected from the list;
 

it is supplemented by an area sample so that the
 

small establishments and household industries
 

are represented in the survey results. In the
 

absence of a list of establishments, maps and
 

air photos may aid in the selection of segments
 

that are largely non-residential.
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Chapter 14. NEW DEVELOPMENTS 

I. IATRONIL'TTKC 

New types of maps and materils [ make 

maps have been devel a u 

operations in recentL 'cirs. Three new dvel-

opments th:,t are ga in , worldwide acceptance 

areC d i::-'ussed inl this C;i.ater. :are remote 

sens ug. or r:ore spec i fi callv the u:e of sat-

e a0ee*1 1:7o t,rti:1in 1; dat.1; uMtoMatd 

cirtraph': for prt,:;entinc dita; and geographic 

caset? f IsI r stor i:, anl rt:ritvino data, 

li,, Isf' not he comprelwi ii- ,e; 

ratliher, tl:i-will b0ea:' overview or sum-.mary. 

2. .,TiTLL1TC,. 1'W{O 

Remote sen sing;' usualv refers to the 

collection of infor'7iatioii th~rou;;;- the use of 

instrumnts, such as canerls , that are ni-

t ive to (1ct ro -:an mt ic te r,;: reflected or 

radiated §ru:%: .an-m.de and natur;l f -atures. 

The r-o:,o.t fami liar tLe of re:rnote -ensing used 

for cun,os our po :; is atrial phetography; that 

is, pinc,to nrap taken ro- an ai rplane from in 

alt itud> of less than 32 kilometers (20 miles) . 

ml'i t'pe produces a:1 inane on sensitive film 

that can be reproduced at scales of 1:125,000 

or larger. (See chapter 4 for a discussion on 

the interpretation and use of this ty.pe of 

ina;er'y . ) A l':s; familiar type, which is dis-

cussed in this chapter, is the collection of 

information through the use of satellites; that 

is, information collected from an altitude of 

320 kilometers (200 miles) or more. 

2.1 Tillie o,, equidiKt 

Through 1977, there have been two classes 

of space platforms, or satellites, which have 

produced imagery that is or could be useful in 

census mapping. These classes are manned and 

unmanned satellites. akinned satellites, such 

as Skylab, have operated only for relatively 

brief and irregular intervals, and tile images 

obtained have provided only partial coverage. 

Unmanned satellites, such as Landsat l and 2, 

have passed over the entire Inhabited Earth 

many times on a regular basis, providing almost 

complete coverage of the Earth's surface. As 

with air photos, indexes and catalogr show the 

satellite coverage available for each area of 

the Earth. 

2.11 Manned satellites.--Manned satellites 

have produced photographs using camera and film 

systems. These are like air photos, except that 

they are taken from a much higher altitude and 

are at a much smaller scale. Even when they 

are enlarged, they are not as detailed as air 

photos. 

2.12 Unmanned satellites.--Unmanned sat

ellites cannot effectively use ordinary photo

graphic cameras and film; for example, there 

I.; no way to re-load the cameras after the film 

is elxhausted. Such satellites must use other 

sensing systeLm;. The most common type of sensor 

used in these satellites is called a scanner. 

The scanner senses the amount of energy being 

reflected or radiated from a series of points, 

translates these sensations into numerical 

values, and radios these values to receiving 

-tations on the Earth. The values, then, may 

be processed to make pictures for use In the 

usual. form of interpretation, or tiy may he 

refined and re-formatted (put in to ano t1her 

form) for use in a seini-automatic or ;utomat lc 

interpretation process involving a compter. 

The Images are less detailed than are photos 

from manned satellites; however, they contain 

much useful information. 
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2.2 Fo~'.ws 0 eneAgjy semed able, only bands 4 to 7 are presently assigned 
As stated earlier, 
remote sensing involves to 
parts of the electro-magnetic spectrum.tie detection of electro-magnetic energy being Features on the Earth's surface reflectreflected from radiatedor by objects. This or radiate energy in varying amounts in difenergy moves in wave form. The distance be- ferent parts of the spectrum. It thisis retween the crests of successive waves is called flected or radiated energy is inthat recordedthe wavelength. Wavelength varies from very the various processes of remote sensing.short (billionths of a meter) 

Var
to very long (many iations in lightness or darkness of featureskilometers, perhaps even hundreds or thousands are caused by differences in the amount ofof kilometers). The total range of wavelengths energy being reflected or radiated. Variationsconstitutes the electro-magnetic spectrum (EMS). in color result from differences in the capac-Figure 14a is a diagram of a portion of the ity to absorb or reflect energy of differentelectro-magnetic spectrum, wavelengths, or thefrom temperature of the 

As shown in the diagram, the EMS consists object radiating energy. For example, greenof several parts. theOnly energy wavelengths vegetation appears green because -t reflectsof one very small part are visible to the nor- more green light and absorbs more light frommal human eye without the aid of special equip- other parts of the visible spectrum (however,meat. 
 In the visible part of the spectrum, 
 green vegetation reflects a considerable amount
'energy with the shortest wavelengths appears 
 of infrared energy just outside the visible
 
violet; energy with the longest wavelengths spectrum).
 
appears red. 
 In the invisible parts of the 
 The Landsat scanner system currently in
spectrum, energy with shorter wavelengths is 
 use is designed to simultaneously 
sense difoalled ultraviolet; energy with longer wave- ferent parts or bands of the spectrum (hencelengths Is called Infrared (IR). Although the the term multi-spectral sensing). 
 Some of the
Landgat satellite has 
seven sensor bands avail- E-irth's features appear more clearly on one
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band, some on others. However, most features 


are detectable on all bands. 


Thle information collected by the Landsat 

form ofsystem is available to the user in tile 

(a) color or black and white images (photo-

graphic-type pictures), (b) digital imagery 

which uses computer printer characters to rep-

resent colors or shades, and (c) digital data 

on imgnetic tape. In order to produce color 

images, two or more of the four available bands 

are printed over ouc anotuer using different 

colors. In this -,a', the .strong points of the 

different band arc co:mhined in one picture. 

Black and ',,'hirer.a es, in effect, shcw the data 

sensed in onl. one band of the spectrum. The 

digital imag,,.ry (especijill 5 on magnetic tape) 

contains :--uch more specific data than the photo-

graphic-.tpe pictures; but they are more dif-


ficult for thU ordinary user to comprehend and
 

interpret, 


.3 Advatiztao. 5 o4 saft.et"! '1.n)qC rl 

As mentiornd earlier, information has been 


collected by Landsat I and 2 for almost ever:
 

part of the Earth's surface. In addition to 

providing complete coverae, there are other 

advantages that make satellite imagery useful 


for any mapping program. 

2.31 Repetitive coverage.--Observation 

of changes that occur over time can be useful 

to census planners and mappers. Such obser-

vation can aid planners in delineating urban
 

development and permits them to identify those 

dynamic growing areas that tend to be problem 

areas for mapping purposes. Repeated over-

flights allow observation under different sea-

sonal conditions, permitting a choice of the 

best one for any specific area. 

2.32 Minimal oeratin, cost .-- Once a sat-

ellite is launched, it usually stays aloft for 

years at no additional cost. It is not neces-

sary for a country to have its own satellite, 

nor its own receiving station. Users who 

desire copies of the images (either in photo
 

or magnetic tape form) can acquire them at the 

cost of reproduction, under current policies, 
from couintries with receiving stations. 

2.33 ulti-spectral capability.--The 

ability to record data separately in different 

parts of the spectrum improves the ability of 

analysts to interpret what is revealed in the 

image area. This is particularly true of the 

near-infrared spectral bands, since they can 

reveal information not detectable by normal 

vision or normal photography. Furthermore, 

the products of the various spectral bands can 

be selectively put together in various color 

combinations to emphasize those features that 

are of interest to the analyst; the color corn

binations make these features more apparent to 

the user. 

2.34 Large-area coverage.--The area that 

is covered by an individual Landsat image is
 

approximately 33,800 square kilometers. This
 

area is larger than can be viewed at one time
 
by any ether readily available imaging system.
 

The Landsat image permits a regional view and 
understanding to be obtained--a valuable asset 

during the planning phase of census operations. 

It covers the same area that would take more 

than a thousand air photos to cover; even with 

high-altitude photography, several dozens (or 

even hundreds) of photographs would be needed 

to cover the same area. 

2.4 V dvantages oA Sateffte &iiagny 

Unfortunately, there are some distinct 

disadvantages in using satellite imagery for 

census mapping programs. The images are harder 

to interpret than air photos; moreover, since 

they are not produced specifically for census 

purposes, they may not include the information 

required for census mapping. 

2.41 Lack of census-type detaiis.--Even
 

though a large amount of data about the Earth's 

surface is collected by the landsat system, the 

http:imag,,.ry


268 MAPPING FOR CENSUSES AND SURVEYS
 

system does not supply all of the detailed in-


formation that is needed in 
census and survey 

work. At the present time, on the images avail-

able, individual residential or smaller 
com

mercial structures cannot be recognized; most
 

individual streets, minor roads, trails, small
 

streams, bridges, or railroad tracks cannot be
 
recognized. Skylab images show more detail,
 

but even they do not have the detail that can 


be recorded by the same camera systems mounted 


on aircraft. In addition, Landsat images con-


tain so much information that it is difficult 


to pick out the features that are important for 


census purposes. Moreover, like air photos, 


the images lack administrative boundary lines 


and names of features; this information must be 


obtained from other sources and matched to the 


correct features on the images. 


2.42 Lack of good images due to weather
 

conditions.--Aircraft flights can 
be scheduled
 

to take advantage of good weather conditions
 
for collecting imagery. Satellites cannot be 


so scheduled; they will pass over given points 


on the Earth's surface at given times regard-


less of the weather. 
 Clouds or other adverse 


atmospheric conditions may prevent the acqui-


sition of useful pictures. In fact, periods 


of bad weather may prevent useful images from 


being made for several months. Sensors that 


can penetrate clouds and haze may lessen this 


problem in the future, but imagery from such 


sensors 
is not available from satellites now. 


2.43 Scarcity of receiving stations.--

Landsat images can bt transmitted directly only 

within a radius of about 2,000 kiloreters of a 
good receiving station. Otherwise, the imagery 


must ' collected and stored on magnetic tape 

until the satellite is within range of a re-


ca.iving station. The magnetic tapes have been 


the first pieces of equipment to wear rut from 

repeated use; there now is 
a reluctance to use 

them except in high-priority or emergency sit-


uations. Therefore, although the data to make 


certain images on given days could be obtained,
 

the satellite is not activated.
 

The number of receiving statlos is grow

ing. Nevertheless, there still are large areas
 
of the world, especially in developing 
coun

tries, that are not yet within range of any
 

receiving station antenna.
 

2.44 Need for special training.--Special
 

training is required to interpret and use all
 

forms of imagery. In the photographic-type
 

satellite imagery, things are seen 
from an un

usual position; moreover, the color tones may
 

be misleading, especially in infrared images.
 

The use of digital imagery demands specialized
 

training in interpreting the characters that
 

are used to represent the Earth's featares.
 

To use and interpret digital data on computer
 
tapes, the staff must be able 
to interpret the

characters used and to 
interact with the 
com
puter.
 

2.45 Need for special equipment.--The
 

same type of equipment that is used to inter

pret air photos is needed fur interpretation
 

of photographic-type and digital imagery. 
To
 

use and interpret data on magnetic tape, a
 

computer and special computer programs ate re

quired. 
Altuough most stadistical organizations
 

have access to a computer, there remains the
 

problem of acquiring the necessary computer
 

programs to process the data. 
 Even if the
 

programs can be acquireA, converting them to
 
run on the available computer may present an
 
additional problem.
 

2.5 Avaifabift of satefte ixzgny 

Landsat satellite imagery for any part of
 

tle world is available to anyone for the cost
 
of processing and shipping, although the exact
 

costs may vary from time to 
time and among
 

source countries. It may bc obtained in a
 

variety of sizes, in individual bands as black
 
and white prints or negative or positive film
 

transparencies, as col.or composite prints or
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film transparencies, or in the form of computer development can be recognized in many cases; 

compatible tapes. Information on specifications and other types of area distinctions can be 

of currently available imagery, or the imagery detected. If enough is known about the den

itself, may be obtained from the U.S. Geological sity of the population that is associated with 

Survey at the EROS' Data Center in Sioux Falls, the different types and subtypes of land cover, 

South Dakota. estimates can be made of the population in given 

Oth -r Countries with Landsat satellite areas. With such infor:nation, estimates of the 

data receiving stati.ons can supply comparable 

informat ion an,! imagery; they include Canada, 

numer of enumerators mid questionnaires, de

ciskons on the locati~ns of field offices, and 

Brazil, and Italy. Additional countries are 
o':her determinations vital to carrying out a 

planning for receiving. sttions, and the list SUCCe;fUl cesus can he made. 

is L'xpe'_ced to increase. The imagery available 2.62 Preparation of base maps.--For 

is not linited to any one country" rather, it preparation of base maps for EA delineation, 

is limited by a radius of aheout 2,C00 km from satellite imagery may be of only limited use. 
the site of the receiving antenna. For example, Imagery is excellent for detecting water bodies 

Brazil receive, data for all of Bolivia, Peru, that are large enough to show on such images. 

Eluador, 0 ir ;u. ., Urug,uay, and some other coun- It can he used to detect changes in the size 

tries, plus lariLu parts of Venezuela, Colombia, and shape of large lakes and reservoirs, or 

Chile, and .rctntina, in addition tc all of changes In the locF.tion of major streams. The 

Bra zil. relative position of settlements and streams 

can be observed, as can the alignment of some 

£.o Aet' c;, e! q roads. Roads under construction or recently 

Satellite imagery is useful, in varying built are particularly evident from the cleared 

degrees, for mapping operations--in planning, land that borders them. Roads cut through 

pr,.iparation of base maps, stratification for forests also often stand out. 

sampling, etc. This section describes some of Satellite imagery may reveal isolated 

the po.asihl.u uses and the considerations in- settlements that were not known to the NSO 

census planners. Also, for remote rural areas 

2.61 Initial 1lannin.--For initial for which there are no adequate maps, enlarged 

census or survey planning, satellite images satellite images may be used to compile base 

provide up-to-date irnformation about the area maps. If existi..g maps are old, these en

in term, of its major types of land cover. larged images may serve as sources of infor-

These t.pes include the gei eral categories of mation for updating them. Many experts Lclieve 

cropland a' d pasture, woodland, water, barren that 1:250,000 is the largest scale suitable 

land, urhan and built-up land, etc. In soue for reproducing an image. For remote r,; al 

cases, subt'-pes can be distingushed (residential areas, this scale, may be adequate; however, 

versus industrial urban land, for example). when necessary, images can be enlarged further 

Such information can br. useful in planning for map conpilation purposes. 

census operations. Cerzain problem areas can Satellite images can be made into image 

be delineated; the current margin, of urban mosaics (similar to air photo mosaics) for 

limited use as base maps for statistical or 
t Earth Resources ObservaLion Systems. publication map!;. Such a composite picture 
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LEGEND 

Type I -- Cropland. the leading land use, covers about Type 4 -- Dry non-saline pasture mixed with some bdrren 
50% of total lanC area; dry non-saline pasture rocky land covers 85K or nre of the land area. 
with some barren rocky ground covers some 40%. 

Type 4A -- Dry non-saline pasture mixed with some barren 

Type 2 -- Undifferentiated cropland and pasture covers rocky land covers 45,"-85 ' of the land area; 
85% or more of total land area. undifferentiatf-d cropland covers I0'-45;;. 

Type 2A -- Undifferentiated cropland and pasture covers Type 4B -- Dry non-saline pasture mixed with some barren 
45' -85Z of land area; dry non-saline or season- rocky land covers 45.'-85;;. of the land area; 
ally wet pasture covers M0%-45%. undifferentiated cropland and pasture covers 

1 0 % - 4 5 '," M 

Type 2B -- Undifferentiated cropland and pasture covers -4 
45%-85, of land area; dry non-saline pasture Type 4C -- Dry non-saline pasture mixed with some barren rn 

with mixture of barren rocky !and covers rocky ground covers 45,'-85 of land area;* 
10%'-45%. mixed dry non-saline and saline pasture covers 0 

1O%-45 
Type 2C -- Undifferentiated cropland and pasture covers 

45%-85%,of iand area: dry non-saline pasture Type 4D -- Dry non-saline pasture mixed with some barren L 
with mixture of saline pasture covers 10%-45%. rocky ground covers 45;-857. of land area; 

barren rocky ground, sometimes mixed with some 
Type 3 -- Dry non-saline pasture mixed with some saline pasture, covers l0-45. 

pasture covers 852 or more of land area. 
Type 5 -- Saline pasture mixed with dry non-saline pasture 

Type 3A -- Dry non-saline pasture mixed with some saline covers about 50 of total land area. 
pasture covers 45Z-85". of land area; undiffer
entiated cropland and pasture covers 10%-45%. Type 6 Barren rocky land or barren rocky land mixed 

with pasture covers about 40' of land area; 
Type 3B -- Dry non-saline pasture mixed %.jiLh some saline dry non-saline pasture mixed with barren rocky 

pasture covers 455-85', of land area; dry non- land covers up to 40%. 
saline pasture mixed with barren rocky land 
covers l0',,-45,. *In one case, the proportion is only 37%. 



DENSITY OF TOTAL POPULATION
 

Provinces of
 

Ingavi, Aroma, and Pacajes
............ i~iii!i::.-:..,
 
k ... .i:::
.:.... ..... i!!
.:!iiii~..''i:
cf:..'..' 


........... ./'-.. . T ii . ii iiS2<iniii::::. Ai~ ::::::::::::.::,.........:-:-..,i* Bol ivia
 
•~~. .~~ ~ ~ . !i !-ii! :.:: . ================= :::::!... . ~ ~ ~ ~ ........ ii . ................ ::. 


. . . . ......". . .. .. 
......... ... ...... .. 0.5 1020 

. . .' ....... . ..
 

:L "..... ..... . . == === ...........- 0::: .-.
. : ::::::: :: :::::::::.......:::=:=..........::::::,i!: - ^
 ==..= = ====...............= = !:::i : 5.....20
 
........ . ..... .............. . .......
I: 11 ........1...... ... ..
.....
 

-..... . .. 
: : . :: " ::::i:: !i ::::::::::::::::::: :i !i !iii :'..:::....:.....'. :
"': : : :;• :
-:::; ....... "" .................... ...... ....
 ....
.................
...............
......... . ....... 

...........:: . . ... ... " . i H ::" -::::::: "-..---::::: '!: : : ::::::::: :::
 

.........................
1:K. . .. ......
 
X. ... :.... H~ ~ i H ::......... H 


" • * ".....°..... . ::: " ; ' "
==================== ......... 


..................... ........
 

..... .......... .......
 
...... Le2 t-29.. y 

,. 29. .................
.......( . . ... .. ' 

330.r0or
"Les than 

°3.0-6.4 

6.5 10. 



273 Chapter 14 NFW DEVELOPMENTS 


of the surface of a country, for example, can 

provide -ininformative background against which 

to portray tha distributions of many types of 

data. A screened mosaic printed in shades of 

gray permits the data user immediately to as--

sociate data overprinted on a base that shows 

valleys, highlands, cleared land, or other 

natural and man-made features, 


2.63 Stgatiflation f ,;ampling.--Tte 

classification of areas into strata is a com

mo proctd.lre for ;amplin;g purposes. If de-

tailed nap; ailreadv exist and if data by smell 

area; fi'im a cen.us; are available, satellite 

ima ;er% 1.o0ul.d probably he used as a supple-

mental rather than the pri'-,ary source of in-

formation for delineatin siLr;lta. If mapping 

information :r available data are very poor 

or non-L::istcnt then satellite imagery could 

be the prin:r': source af information for do-

iineatin strt:; and for delineating sample
atersgnfcca 


aren.s .agriculture. 


One wa:.' to use satellite imagery in strat-

ification is to determine the proportion or 

density of an element in an area and prepare 

a map. The element could be the percentage of 

total land area that is cuitivated, percentage 

in pasture, amount of barren land, etc. Such 

a map could he used in conjunction with a map 

showing population density calculated from cen-

sus or survey results; or crude estimates of 

population could be made from the imagery. The 

anal,st will need to superimpose appropriate 

area boundaries on the imagery and determine a 

set of ,la:;se. from the data that are developed, 

Figure 14b shows thL extent of major land types 

in three provinces of a country as estimated 

from satellite images; figure 14c shows popula

tion density calculated from census results for 

the same provinces.
 

2.64 Other appllcations.--Satellite 

images may be useful in estimating population 

change after a census. Repeated observatiors 

of the same area will reveal significant changes 

in land cover. These changes frequently are 

associated with changes in population. Effects 

of land cover changes on the population can be 

determined and incorporated Into the estimation 

process. This is done by measuring the areas 

that are affected and calculating net changes 

in the numbers of people, using appropriate 

population density figures for each type of
 

land cover. 

Monitoring the spread of cities and urban

ized areas is a specific and often critical
 

example of this type of application. The ex

plosive growth of such areas in many developing
 

countries frequently requires that officials
 

and planners look for data on which to base
 

decisions. Data from satellites may help them,
 

even though the data will not satisfy all of 

their needs.
 

Other significant applications occur in 
pliaioss.uri
 

The spread of desert and deteri

oration through erosion can be observed over
 

time. Effects on the size of tLhe cultivated
 

area and, to a lesser degree, on the quality
 

of crop production can be measured. Also,
 

major changes can be observed in land use,
 

such as between forest and cropland, and in
 

the pattern of occupancy, such as a shift from
 

large fields to small individual holdings.
 

Ability to distinguish individual crops is
 

limited, especially in small fields or when
 

several crops are grown in the same field.
 

Future technical developments may result in
 

images that can be reproduced at larger scales;
 

this may make satellite images more useful for
 

rcgular programs of agricultural statistics.
 

2.7 Speci4ic eyampe 5 O appf,'ca iom 

In one country, satellit,! images covering
 

a large part of the eastern lowlands were en

larged to a scale of 1:250,000. Tracings then 

were made of the planimetric detail., that were 
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visible on the images and useful to enumerators. 
in general, the tracings included the drainage 

pattern plus those 
towns and segments of roads
 
that could be detected on tile images. Addi-


tlonal 
features, names, and boundaries were
 

added from other sources. The result was a
 
series of up-to-date base maps for an area of
 
about 300,000 square kilometers. Less directly 


related to taking a census have been other 

achievements. Creation of the first national 
image mosaic of the country was the result of 
the remote sensing project. It was to be used 
both as a possible base on which to display 

the distribution of any type of stat'stical 

data, and as a base for a l:l,3U0,uuu national 


land use 
map developed from the multispectral 


analysis of Landsat imagery, 


In another country, a number of internal 

boundary lines have been identified in con
junction with land use boundaries. The iden
tification is not consistent, but occurs 
often
 
enough to be worthy of note. This phenomenon 


is associated with an 
 increasing interest of 
the government in redefining administrative 


areas 
 in terms 9f visible features. 

In a third instance, one of thle mlost di

rect objectives has been reduction of the cost
 
and 
 the time needed to determine tile boundaries
 
of urbanized areas. Tests 
 show that it is
 
possible to distinguish residential areas on
 
the perimeter of urban areas.
 

In summary, satellite images have been 

useful in census
some operations. However, it 

is premature (in 1978) 
 to attempt to list all 

the potential-ap-plications 
of satellite imagery 
for census and other statistical purposes, and 
to say how successful each may be. Further-
more, new satellites with enhanced capabilities 
will be launched in tile next few years, and a 
continuing program of experimental application 
and analysis is needed to kee l) up with possible 

applications of newthis fool. 

2.8 InteApketation o6 imaengy 
The techniques for interpreting digital 

imagery and data 
on ccomputer tapes are complex
 
and beyond the scope of ths chapter; there

fore, the following discussion will be limited
 
to the interpretation of photographic-type 

images. In most cases, 
these are the types of
 
images that would be used for 
census or survey 

iuages . 
purposes. 

The techniques used in interpretation of
 
imagery are similar to 
those used in interpret
ing ordinary air photos. However, the features
 
identified in satellite images are 
usually
 

composites. Individual buildings may not be
 
identified; but the composite of rooftops,
 

grass, gardens, streets, etc., 
that comprise 
an urban landscape can be distinguished andseparated from the various types of rural 

landscapes. In this way, settlements from
large cities to rural viillage s can he loc ated 
In thle same way, cultivated areas may be dis
tinguished from heavily wooded areas. 

Verification is even more 
important for
 
interpretation of Landsat and other satellite
 
imagery than it is for aerial photography. Thebroader but less detailed picture obtained from 
a satellite is one that jost people are not 
accustomed to seeing, and it is often difficult 
to relate to known features or conditions. A
 
person 
who already has some knowledge of an
 
area can interpret 
 an image more accurately
 
by extending his interpretation outward from
 
the points or areas he already knows. Ground 
truth inve;stigations serve a similar purpose 
.byproviding information that verifies or per
mits corrections to tile interpretation. For 
areas of tens of thousands of square kilometers, 
such as those shown on single Landsat images, 
it is helpful if the interpreter has some know
ledge of at least part of tile area. The more 
information or knowledge of an area the better 

the interpretation. 
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2.81. Black and white images.--Sate!lit 
e 

images reproduced in black and white resemble 
air photos, but they show a much larger area 

and much less detail. Some of the elements of 
air photo interpretation (described in chapter 

Can boappid to 


others are irrelevant. Important elements for
in Lrpretat ion 

S Satellite images, but 

of black and white images aire 
-qie and h;ipe , tone and texture, and contrast. 

E;",,v,_r. idowa :i-r no longer significant, be
.,:o tho i:'di-.'Ldual shadows and shadow-casting 

atit sil.d to be detected 
u:a:.,~ic ir:~r .Further, Satellite imagery 

:::~d ~ :.d~ t~ t ' ,-,)-, Ht-d stmstereoscopically;esre ment iar el 

• .~l . ., ~ co ic'ivr, !!+' t eo imaging satel
:.:- pr.,<Jcd launch:, ,.. 1 for in the earlypro d f. lspectral 


".,nttoned earlier, Landsat produces 
inl fur spectral bands. Each band pro-

;ts on: unique black and white image, 
:aJ ha< Its strong and weak points, 


ri~nda /+ and 5 are similar; both show agri-
' 1ltur-H uL ;tinctions well, as well as other 

v.L'otutatio-cover 
 types. Band 5 is superior to 
hand 4 because it Is less affected by the scat-
turing of light rays due to dust and moisture 

in the atmosphere, 
 and generally makes a clearer 
picture that shows more contrast. 


Bands 6 and 7 are similar; 
both show land-

forms and water features well. 
 Band 7 excels 

with water features while band 6 shows a little 

wore influence of vegetation in the imagery, 

.Urban pheno.mena are..d.fficult to identify 

on 
all of the bands. Variations in the envi
ronmcnt, differences in building construction
 
materials, prevalence or lack of paved surfaces, 

a n d o t h er fa c t o rs al l a f f e ct th e a bi l it y t o 


consstenly uran eatues.For
istiguih
consistently distinguish urban features. 

Bands 5 and 7 
are judged to 
be the most 

useful for census purposes; which band is 

better depends on 
the type of area, type of 


census, and the personal preference of tile 
staff. Use of both bands is recommended. 

2.82 Color use of color is 

an important aspect of interpretation. It is 
much more useful to the interpreter than are 
variations of gray, Color is produced by
 

projecting the bands through a filter, then
superimposing 

them. The combination 
blends of colorsthe strong points of the various bands.Color helps to compensate 

the losstail caused by the 
for of dealtitude of the satellites. 

case bymi hre altColorfilm information isand scanning available throughsensor systems, bothand usually 
includes the near-infrared part of the spectrum. 
However, care be taken
red 

must when using infraimages. These images involve a shift in 

values, so 
that what is naturally red 
is shown as green, natural greens show up as

blues, and normally invisible infrared is shown 
as red. It is important to note that healthy 
growing vegetation reflects much more energy
 
in the near-infrared part of 
the spectrum,
 

which cannot be seen by the normal human eye,
 
than in the visible part of the spectrum. There
fore, trees, grass, crops, etc., 
no matter what
 
color they appear to be to the human eye, appear
 
red in an infrared image. 

2.83 Identification of images.--To help 
identify the coverage of each image, certain
 

information is printed around the margins; in
cluded are latitude and longitude readings for
 
the image, together with short horizontal or
 
vertical lines that indicate the position of
 
the respective parallels and meridians to which
these values refer. In addition, to aid in in

terpreting the image, a line of information is 
printed for each Landsat image immediately be
low the bottom line of latitude and longitude.

o r e x a m p l e , i n e of t e a n io 

example, in figure 14d, the information 

includes (a) date of image, (b) coordinates 
of image center, (c) band number, (d) 
sun ele
vation and direction, and (e) image identifica

tion number.
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because they do not gain enough water from 


tributaries or springs to replace what is lost 


by evaporation and diversion for irrigation 


and other human uses. Specific features which 

can be identified in figure ]4e are listed in 

the note at the bottom of the figure. 


Band 7 is particularly good for showing 

water bodies and geologic features. These are 

very dark on band 7; in a color composIce they 

will appear as very dark blue or black. Note
 

that the Colorado River has water in its bed
 

as far as the beginning of the All-American 

Canal , but the presence of water in the river 

below that point is questionible. Dry stream 

beds appear very bright; this is characteristic 

of intermittent stream beds and other areas of 


recent disturbance of the surface. The sand 


dune area also is extremely bright, and rather 

large and smooth-looking. The rocky hills and 


low mountains also can be seen clearly, partic-


ularly south of the Gila River where they appear 


as linear ridges. 


Band 5 is particularly good for showing 

land cover; irrigated farmland especially con-

trasts with its immediate surroundings in this 

area. In band 7, farmland can be identified 

largely by its small block-like texture, but 

on band 5 this is reinforced by distinct con-

trasts in tone; the well-vegetated areas are 

darker. Different crops or crop stages In 

fields can be detected, as can land that may 

be between harvest and planting. 

Cities appear rather clearly where they 

have distinct settlement clusters (not shaded 

by trees) in contrast with surrounding farmland; 

where they are adjacent to the desert, their 

urban limits are less distinct. Yuma is more 

distinct from its surroundings than is Mexicali. 

Depending on the individual situation, either
 

band 5 or 7 could be used. 

trast enough with their surroundings; although 

it is known that there is a major road (four

lane div2dled highwa',) in tile area in the south

west section of the image, it is not easily 

detected. However, note that the international 

boudary in the Imperial Valley can be idunti

fied. The block-like agricultural field pattern 

north of the border reflects different s'.';tems 

of agricultural and water use on tile two sides
 

of the border. 

During the last few years, great strides
 

have been made in the production of maps tv;ing 

computers, automatic drafting equipment, and 

microfilm systems. The basic reason 'or the 

development of automated cartography i that 

it can increase the speed and accuracy nd
 

thereby reduce the cost of map production. In 
some countries, mapping agencies are using 

automated cartography to produce and updatc
 

topographic maps from old maps and air photwo,:.
 

The basic concept of automated cartog

raphy depends on the availability of computer

readable coordinates associated with a specific 

geographic unit. Each point on a map must be 

identified and recorded in machine rea..ble 

form, producing a computcr file that ca. drive 

an automatic computer printer, a line plotter,
 

a light beam (that re-ords on microfilm), or 

some other graphic outp'it device.
 

The primary use of automated cartography 

by statistical agencies has been to produce 

statistical maps and charts. The technolo,,cy 

for compiling and producing base ma.'ps for EA 

delineation exists, but the costs of the equip

ment and the initial input for suZh a syst'em 

have been deterrents. However, ncue the basic 

2Adapted from F"rederick R. Broome, "Micro
graphics: A New App'roach to Cartography at the 
Census Bureau," in U.S. Bureau of the Census,Geographic Base (DIME) System--A Local Program. 

Series GE-60, number 6, April 1975, pp. 28-38. 
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file is prepared, it can be updated, at minimal 

cost, when necessary, 

3. 1 Ufxincut~s o, a ba.~c automated sstn 

All automated cartography systems have 

certain common requirements and elements. They 

include data and boundary inputs, data extrac-

tion, boundary file processing, matching the 

files. preparing an output tape, and driving 

an outpult device, 

3. ! Input files. -- Any system that is used 

to produce statistical maps automatically will 

have [!o principal input files: (a) data file 
and (, area b,_'unddirv file. The first contains 

the statistics that are to be mapped, although 

it u!.;ualiv contains other data as well. It may 

be the same file that is used to prepare statis-

tical tables for publication. Any data file may 

be usud, .s long as it contains data for a spe-


cific subject for individual areas that are to
 
be sho;.- on a .specific map.
 

The second file contains a digital descrip-


tion of the boundaries of all administrative 


and statistical areas that may be shown on a 


map. Such a file contains the geographic codes 

for each area and coordinates for a series of 

points around the boundary of each area. The 

coordinates may be in any given system as long 
as all areas in the file are related to the 


same coordinate origin. The geographic codes 


must be the same, or must be made the same, as 


in the data file. 


3.12 Data e:.:traction.--,This process uses 


a program to (a) extract data from the original 

data file and (b) assign the data to one or 

another of the various data classes that are 

to be used for the map. The class intervals 


usually are determined by the geography staff 


in consultation with the subject matter statis-


ticians. A computer record containing the 


geographic codes and the data class is created 


for each area. 


3.13 Boundary file processing.--The core 

of the automated mapping system is the program 

which converts digital descriptions of area 
boundaries into class boundary images. (See 

also section 3.3 on digitizing.) The boundary 

coordinates are converted to values that desig

nate positions on the graphic device. At the 

same time, scale can be changed automatically. 

Images may be plotted on drafting film, paper,
 

or photographic microfilm. For maps using 

color, a separate plate must be plotted for 

each color.
 

3.14 Matching the files.--The next step 
is to match the image of the area with tie 

data record produced from the data extraction 

program. A new record Is created and written 

on an intermediate file. This intermediate 

file then is sorted by class, and the result

ing tape goes to an output device.
 

3.15 Output device.--The final automated 

step is the production of a map or chart by
 
means of a graphic output device. This may be
 

one of a number of different types: computer
 

line printer; automatic plotter, either flat

bed or drum; automatic graver or scriber; cath

ode ray tube (CRT); or a computer output on
 

microfilm (COM) unit. There may be still other
 

devices. 

Each of these devices has its own advan

tages in terms of its accessibility and cost 

to acquire, install, and maintain; its simplic

ity or complexity; the availability and depend

ability of the programs needed to drive the 

device; the appearance of the final automated
 

output; and the need for subsequent manual 

operations. The selection of the best output
 

device in any given situation is net a simple
 

decision.
 

3.16 Subsequent processing.--Many auto

mated cartographic systems are not complete.
 

They leave something more to be done. Often,
 

lettering must be added from other sources.
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Even though many systems also can provide 
 be approximated by combinations of straight
lettering, manual placement of the lettering 
 vertical, horizontal, or diagonal lines.
 
usually results in a better looking and more
 
l e g ib l e pr o d u ct .
 F i lm s c o m i n g o u t o f micr o f i l m wco t drum lit y of m u l -co e n
lort 

units must be developed and frequently enlarged.
Sometimes screens or patterns must be added 	

plotters, CR , t ult co mplotters, and other devices, 
the use of com-
Shomtgaimesscallyereenorate 
s be add 

photographically before the plates are ready 	

puter line printers has become less attractive
for use 
in the printing process. The agencyfostttiafor statistical mapping. 
 A computer printer
mpin.Aopueprtr

for usen 
 intall
printingauoce.Thed 
 arogr c 

planning to install 	

may be used for in-house file review and classan automated cartographic interval selection, 	but it is generally re
system must find out how much of the map-making
 
process will be affected by automation and how aps
 
much will still have 
to be done manually.
 

3.2 	 Gaplzic output dewlc. 3.22 Plotters.--Plotters produce linedrawings in ink (or pencil) on film or paper. 
There are a number of graphic output de-
 They have heads that go in the direction invices. 
A few of them, and their characteristics, 
 dicated by the driving computer tape. 
 Some

are mentioned here. 
 times the head may carry several pens, each a
 
different color, for marking different kinds
3.21 Computer printers.--The earliest form
 

of automated thematic cartography, and the form 
 th feature t he andpt er efre 
 t c ify
the feature type and 
therefore the color to
easiest to 
implement initially, is the one that
 be used for each line on the plot.
uses a ccmputer line printer. 
 For countries
 
that have computers, the outstanding advantage 
 Plotters come in a wide variety of models
is that the equipment is already in place; 
no and sizes. Flat-bed plotters tend 
to be more
additional capital investment is necessary. The 
 expensive than drum plotters.

acquisition of existing programs may be neces-

In the flat-bed
 
plotter, the drafting surface 's held down by
sary, but such programs should be relatively 
 a vacuum, and the head goes in any direction


inexpensive. 
Just about any make or model of 
 commanded by the tape.
computer can be used. 

Drum plotters have paper that moves 
to or
 

Using computer printers has definite dis-
 from rolls. The paper moves under the pen to
advantages. 
 Individual printer characters are 
 permit lines to be traced in one direction;
used to produce the appearance of different 
 the pen moves only at 
right angles to the dishades of gray. Sometimes these apparent shades 
 rection in which the paper moves 
(similar to 
a
are not very distinct, and the map user must 
 seismograph). 
 Paper and pen moving together
distinguish among individual characters. A 
 produce lines other than vertical or horizontal.
block-like appearance is produced because the 
 The width of the paper on a drum plotter genindividual characters occupy their own rectan-
 erally is narrower than on a flat-bed plotter,
gular character spaces and do not come into 
 but its length is limited only by the amount
contact with one another to 
form a continuous 
 of paper in a roll; it may be much longer than
tone. 
This block-like appearance can be elim-
 can be accommodated on 
even the longest of

inated somewhat by photographically reducing the 
 flat-bed plotters.

output, perhaps to 
10 percent of the original. 
 Inexpensive plotters may not be able to
A final disadvantage is the inability of the 
 draw straight lines in directions other than
system to draw smooth curved lines; 
these must 
 directly vertical and horizontal. They have
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to approximate curves or straight lines running it is faster and the data produced are much
 

at other angles with step-like increments of n-re compact, but the film must go through a
 
' horizontal or vertical (or perhaps 45 ) lines, photographic developing process. 

Reduction of the final drawing is needed to 3.25 CRT display devices.--A CRT (cathode 

minimize or ohSCire the appearance of these ray tube) is a device that has a screen (sim

steps. ilar to a television screen) on which map in

3.23 Engravers.--Automatic engravers are formation can be displayed in plotted form.
 

like large and expensive flat-bed plotters, ex- If a record of the plot is desired, the image
 

cept that they are much slower and they are de- can be copied photographically or with a hard

signed to cut' into the coating on a polyester copy duplicator if one is connected directly 

film base. They are mich slower because the to the CRT mechanism.
 
engraving must be clone relativ'ely slo~wl%1 to
 The great advantage of CRT's is that many
 

avoid damraging the coated surface on the film. of them form an integral part of interactive
 

Rapid engraving car caue unuvaritd c.ips , breaks, systems. These systems permit the user to see
 
or skips in the coatir, . Eng:ravers mav be used
 what the plot of data from a given tape will
 

primarily For work rt-.,uirrng great precision, look like, and to edit that tape when errors
 

such as the preparation of latitude and longi- are detected or more recent material becomes 

tude grid lines or marks. Statisti.Tal offices available. 

ordinarily have little or no use for this type 

of equipment. CRT's vary widely in price; however, some 

are relatively inexpensive. They can be used
 
3.24 u . (Compter Output on as separate units linked to their own mini-

Microfilm) units use a light beam to plot lines computers, or they can serve as remote termi

or dots (or1oth) on microfilm. The output is nals linked with large computers that may be 

one or more negativu jia ;es on microfilm that located elsewhere. 

ma'y vary from 35 mm to 240 m:flin width (as of 

1977). The1977. Te mut putut apNotfln ~i~tbe through 

graphic film-developing process after the image quality, but they can be extremely effective 

is recorded. Separate images are prodi.ced for tools for editing map data. The editing is 

each color sc.paration plate. The COM unit is accomplished before the computer tape is to be 

extremely fast and precise. Precisijn is impor- used by the plotter, engraver, or CON unit.
 

film be hrogh a photo- all CRT's produce maps of publication 

tant because the microfilm negative; often have 3.3 Vigitizing 

to be enlarged for use as reproduc'ion plates 

and the several color plates must register with Map information needs to be converted into 

each other very precisely. The transfer of data a form which computers and other types of auto

from the computer to a COM unit is similar to mated equipment can recognize and use. For
 

the tra'nsfer from the computer to a flat-bed this purpose, the area boundary file is created.
 

plotter or engrav.er; the difference is that a As explained earlier in the chapter, the area
 

light beam, instead of a pen or cutting tool, boundary file consists of codes and coordinates.
 

is being drlven. The question of how the coordinates are deter

mined and put into the file is another matter.
 
COM units are quite expensive; however,
 

they may be used for recording many types of There are now available relatively inex

data from a computer. In this respect, a COM pensive machines called digitizers. Such a
 

unit may be used instead of a line printer, machine is capable of (a) recording the X and
 

http:engrav.er
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Y coordinates of any point within the limitsof 

its digitizing board, and (b) associating cer-

tain codes with those coordinates (or with the 

two pairs of coordinates that specify a line) 

by means of a keyboard. A device called a 

cursor is used to specify points or to follow 


lines on the board. 
A series of individual 


points may be specified by Lhe operator, or the3
 
machine may automatically record a series ef
 

coordinate pairs for ponts along a line which
 
the operator traces with a cursor.
 

For any individual map, a series of con-

trol points must be established. The precise 

location of each point is entered into the file 

in terms of the desired grid system--latitude 


and longitude, Universal Transverse Mercator 


(UTM), or other. 
These points establish the 

scale and orientation of the map, provide ref-

erence points which permit the conversion of 

the coordinates of all points digitized on that 

map to the NSO's general grid system, and per-


mit the linking of points digitized on differ
ent 
maps into a single common coordinate system 

that is independent of the individual sourceats 


No system of automated cartography can 

function unless there is a way of converting 


the locations of Earth features into a series 


of symbols that can be manipulated by 
a com-

putr. This applies Lo boundaries needed for 

thematic mapping and other types of features 
needed for planimetric or topographic mapping, 


3.4 K&1uk OK maps produced 

Theoretically, any kind of map can be 

produced by automated cartographic systems, 


but operational systems have not yet been de-

veloped for all kinds. 
 Census publication maps 


can be prepared most 
readily by using existing 


systems that are operational. 


3.41 Choropleth maps.--These are maps 


that show values by shading. Such maps may 

be produced by computer printers, plotters, 


engravers, or any of the other types of output
 
devices. Figure 14f illustrates a choropleth
 

map produced by a computer line printer. If 
maps are to be published in color, the various
 
output devices can prepare a drawing for each
 
separate color plate that is required on the
 

printing process.
 

3.42 Dot maps.--These are the maps that
 
show patterns of distribution by means of the
 
placement of dots over the mapped area. 
 The
 
simplest type of dot mapping system places the
 
appropriate number of dots uniformly over the
 
individual area to which the data pertain. 
How
ever, this may lead to 
absurdities, such as
 
showing large numbers of inhabitants or crops
 
on mountaintops, in swamps, 
or in ion-irrigated
 

desert areas. A more desira!ile approach is to
 
develop and use a filter 
(for ,xample, a land
 
use filter) which reduces the probability of
 
placing dots where inappropriate. Figure 14g
 
illustrates dot maps produced by a COM unit.
 

3.43 Base maps.--These maps, unlike 
choropleth and maps, are
rk't not statistical
 

maps. They are maps that are intended to showthe location of features on the Earth's surface.
 
The system for producing them is basically the
 
same, but 
the inputs required are different.
 

Instead of having two 
files (one of data and
 

ono of boundaries), 
there may be several dif
ferent files, each of which contains one or
 
more different types of features to 
be shown
 

on the map. For example, the typical EA base
 

map shows boundaries, drainage features, roads,
 

and other selected man-made features (such as
 
bridges, buildings, railroads, etc.). The in
put file or files will have all of these fea
tures recorded as lines or 
points; coordinates
 
locate line ends or positions, and sometimes
 

intermediate points (as described above for the
 

area boundary file).
 

The technology exists for the automated
 

production of base maps, but it is 
noc yet
 
practical. The digitizing of all of the base
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maps in a country would represent a major in-

vestment in time and 
resources. However, once
 
such a file is established, it could be kept

updated at relatively modest cost, and could 


1e plotted out as needed. 
 The coming decade 


may see further developments in this field. 


3.5 Gaphl a,," c~lut5 


Automated production of graphs and charts
 
is 
a simple process compared with automated map-


making. 
 Graphs and charts serve a valuable 

purpose in making data 
more intelligible in 

published form. 
Automatic production makes the 


preparation of such 
aterils much cheaper and 

permits a much greater variety 
to be prepared 


than heretofore. Computer programs, or sets of
 
programs, are available for use 
in preparing 

graphs and charts automatically. 


4. GEOGRAPHIC BASE FILES
 

One of the more recent applications of the 

principles of automated cartography has been 

the development of Geographic Base Files 
(GBF). 


The purpose of the system is to facilitate the 

'onverslon of administrative records into 
sta-

ti3tical data which, in turn, 
can be associated 


with other statistical information relative 
to
 
the same points or areas. 


In the same way as the boundaries for
automated thematic mapping are digitized, the 

system identifies each point on 
a map where a 

street or special feature (such as a river) 

intersects another street ur feature, ends, 

or changes directions. Therefore: each street 


or feature is digitized in segments. These 

points or nodes are marked on the base map with 

a dot and are labeled with a unique identifying 

number as in figure 14h.
 

4.1 Emt o6 GBF
 

Several countries have developed 
or are
 
unt ries have G . re 


in the process of developing GBF's. The system 

that has been in existence longest and is the 


Spveralo develop 


FT'qzuo 14h. GBF RECORD FOR A S RE..NT 

4009 'From" node 1231' 'To'" node 124
E ~,Street Street name Atlantictype Avenue
 
Left addresses 101-199
 

, G Right addresses 100-198
Left block 364
Left tract 4009
 

Right block 409
 
Right tract 4009
 

most complete is the 
one developed by the U.S.
 

3
Bureau of the Census. The entire system consists of 
a set of computer programs for es
tablishing, maintaining, and using GBF files.
 

For each segment in the GBF, the file record
 
contains the following information:
 

(1) Coordinatus of the "from" node
 

(2) Coordinates of the "to" node 

(3) Name of street or other line feature
 

(4) Type of street or other line feature

(street, avenue, boulevard, river,
 

boundary, etc.)
 

(5) Add-ess ranges on both sides of the fea
ruye (when applicable)
 

(6) Geographical codes for the areas on each
 
side of the feature (block, tract, city,

country, etc.)
 

The GBF uses a standard systen.; coding proceeds
 
from lower address numbers to higher address
 
numbers along a street. 
 Therefore, the node at
the lower address end of a given street segment
 
is called the "from" node, and the node 
at the
 
higher address end of that 
segment is called
 
the "to" node. Where the segments are con
tinuous, 
the "to" node of one segment record
 

becomes the "from" node of the next segment
 
record. Figure 14h illustrates the map fea
tures that are contained in a GBF record,
 

except 
for the coordinate 

values.
 

3The comple te name of the sys tem is Geographic

Base File/Dual Independent Map Encoding or GBF/
 

DIME.
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Figure 14i. 
SECTION OF A METROPOLITAN 


SHEET WITH NODE DOTS AND NUMBERS 

(Three-digit numbers indicate blocks within
 census tracts) 
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The first step in creating the basic GBF 

file is to code two separate sets of data on a 

map or map series: 
 (a) the nodes at the ends 

of each segment, and (b) the areas enclosed by 

nodes and segments. The second step is to use 

these co-'z in preparing a series of computer-

usable records that include the information de-

scribed in the preceding paragraph. The third 

step is 
to digitize or determine coordinate 

values for each node on the base map or maps for 

the area. Figure 14i shows a portion of a metro-

politan map sheet with node dots and numbers, 


The fourth step is 
a computer operation
 
in which the digitized node values are con-

verted into latitude and longitude, UTM, or 

other grid system values, and are entered into 

the various GBF records. The coding can be 

checked and edited by using a computer to com-

pare the network of nodes and segments with the 

areas on each side of each segment; this is 

done in a way that assures that the network is 

completely represented and that all of the map 


area is included. 


When the file is ready, a computer with a
 
plotter or other visual output device can plot
 

a complete replica of the original map, with
 
streets at the proper angles and blocks of the
 

dimensions. 
Curves are not plotted;
 

all lines between nodes are straight lines.
 

This plot also can be used to 
make a final
 

visual check of the completeness and accuracy
 
of the segment and node coding.
 

Appication o6 the GBF 

The GBF can serve as the base for a highly
 
integrated city or regional information system.
 
Most cities and regions have many different
 

governmental and otherwise, that
 

data for their own purposes, in their
 

own formats, and within their own unique frame
works of administrative areas. 
 However, these
 
data records usually have one common element-
a street 
address to which they relate. 
The
 

GBF system makes it possible to bring together
 
different types of data by means of the area
 
identification codes in the GBF. 
This elim
inates the need for duplicating data collect
ing activities. 
 One agency already may have
 
collected some of the data that another agency
 
needs. 
 The GBF system permits the data from
 
various other agencies or other sources be
to 

coded to any set of areas that a user agency
 
may require. 
The amount of data available to
 
each agency is increased; moreover, the speed
 
with which data 
are made available and analyzed
 
can be greatly increased.
 

The basic problem in using the GBF system
 
is how to bring the data together geographi
cally. School enrollment data may be kept by
 
school district, fire information by fire
house district, crime information by police
 
precinct, etc. 
 The GBF can be constructed so
 
it will contain codes for each area of each
 
different type that any user agency may re
quire. 
New sets of codes can be added later
 

as needed. A computer matching program is
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used to take files of administrative records 


containing street addresses, and to add to 


these records the correct common area iden-

tifiers or codes. 
 This permits the records 


to be matched and compared with data from 


other sources that also have seen processed 


by the matching program. Once this has been 


done, the user can pi.reed to manipulate, 


analyze, compare, associate, and otherwise 


use his data and the other data available to 


him through the GBF in any way 
.esired; this 


can be done cheaper and faster than if all of
 

the data needed had to be collected and coded
 

first by the user.
 

It should be noted that 
two elements are
 
necessary for a workable GBF system. 
 First,
 
a country must have a regular systematic pro
gram of assigning house numbers, street names,
 

or other property identifiers. Alternatively,
 

there may be a sys.ematic program of small
 

nr2a identification. Secondly, the country
 

must have good detailed maps.
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1. DEFINITION OF STATISTICAL AREAS 
 is often improved by combining them into groups
 

Governmental or administrative areas for that constitute meaningful statistical areas.
 

which statistics are available might be called 
 For example, some countries may be divided into
 

statistical areas; but the term statistical area regions of lowland and highland, into wetland
 
generally is limited to those areas which are 
 and dryland, or into woodland and grassland, or
 

specifically defined to represent geographic perhaps some of each. These regions may have
 

regions,1 metropolitan areas, or smaller areas developed different economies, cultures, and
 

of various types. Statistical areas may be possibly even administrative characteristics
 

groups of administrative are--as or they may be which are reflected in the statistics that are
 

areas that are formed without regard to official gathered. Often it is desirable to have the
 

boundaries and thus comprise parts of several statistics for each of these regions, rather
 

administrative areas. Designation of statisti-
 than have the data separated into the individ

cal areas usually rests on specific criteria ual administrative divisions. Areas with sim
ilar enviroiments are likely to have similar
 

that are to be followed in defining such areas,
 

and these criteria usually relate to social and statistical characteristics and similar prob

economic characteristics. 	 lems. Statistical data are used primarily for
 

understanding and solving problems.
 

2. NEED FOR STATISTICAL AREAS 
 The case for small statistical areas can
 

Ccasus planners may well ask whether there 	 be stated in a similar fashion. The need again
 
is separate statistical data for individual
is any need for presenting statistics by spe

cial statistical areas in addition to all the areas having common characteristics. At the
 

governmental or administrative areas that make smaller level, areas can be more 
finely differ

up the total divisions of the country. Several entiated on the basis of social and economic
 

answers can be given. Administrative areas are characteristics--in other words, more homoge
rarely defined on the basis of the social and 
 neuus and less heterogeneous. As a result,
 

economic characteristics which are used for small statistical areas provide data that help
 

defining statistical areas. Many administra- to focus sharply on such local problems as
 

tive areas have a long history, and tradition housing needs, health and welfare conditions,
 

is against change. It is only by coincidence adequacy of education, employment, marketing
 

that boundaries of administrative areas delimit and distribution of goods, and a host of other
 

areas of current social and economic signifi- local problems. Small administrative areas
 

cance. Also, administrative areas are numerous; frequently fall to provide the statistics needed
 
because their boundaries are drawn without
and the ability to understand their statistics
 
reference to many local characteristics. For
 

example, rich and poor areas may be combined
 
lAs used in this chapter, the term region is 
 so that the data (expressed as averages) indi

applied tc iroad geographic divisions withi. a
 
country--aot 
to the broad regions of the world,

which comprise groups of countries. 
 may exist with regard to health or education.
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A further need relates to areas whose 


boundaries do not change from one census to 


another as do some administrative areas. With 


stable boundaries, it is possible to compare 


data for an area from one census to another, 


and know that the changes that occurred are 


real and not caused by changes in boundaries. 


For countries that do not have a large 


number of experienced data users, there are 


simple ways of determining how much emphasis 

should be devoted to developing statistical 

areas. For smll countries with small popula-

tions, the need will be least; for large coun-

tries with large populations, the need will be 


greatest. Large populations generally have 


more diverse physical and cultural character-


istics. In addition, countries with large 


populations are subject to many kinds of social 


and economic problems which need better analy-


sis at both the macro and micro levels, 


For countries that have not used statis-


tical areas in past censuses, the initial use 


should be limited. Thus, the countries gain 


experience in developing such areas and in 


promoting their significanLe to both national 


and local data users. 


3. TYPES OF STATISTICAL AREAS 


Statistical areas could be classified in 


numerous ways. Considering how they have devel-


oped historically it seems best to recognize 


their differences in terms of relative size.
 

On this basis there appear to be four types: 


(a) major regions, (b) metropolitan and urban 


areas, (c) small areas, and(d) intermediate 


and other subregions. 


3.1 MajOr tegion 

Division of a country into a few major 


regions for the presentation of statistics may 


',tthe first recognition of a need for statis-


tical areas. Figure 15a illustrates the four 


regions of Thailand. 


Such regianalization is particularly re

quired if the country has riany ist order divi

sions such as provinces or states. Summary data
 

for a few regions can be analyzed and compared
 

quickly, whereas the data for many Ist order
 

divisions will take time to comprehend.
 

Usually the major regiono will be defined 

in terms of groups of the Ist oroLr divions
 

of the country. The ideal would be three to
 

five major regions which would recognize the 

major physical, cultural, and economic differ

ences in the country. In a very large country 

i s t with many order divisions it may be desir

aLle to have a second level, or subregions; the
 

subregions could comprise groups of ist or 2nd
 

order divisions. Figure 15b illustrates eco

nomic sbregions and State economic areas for
 

part of the United States. The State economic
 

areas consist of single counties or groups of
 

counties with similar economic and4 
social char

acteristics. Economic subregions represent
 

combinations of State economic areas.
 

The boundaries of the ist order divisions
 

may not be ideal for separating the major re

gions or subregions; but for a summary set of
 

geographic areas, precision of definition it.
 

less important. Continuity over time is impor

tant and any major regions that are established
 

should be observed without change for a series
 

of censu.es to be of value for trend analyses.
 

3.2 Metopo tn and wtban a ea6
 

After major regions, the statistical areas
 

that are most commonly recognized throughout
 

the world are metropolitan areas and urban areas.
 

Urban growth has been so great in recent decades
 

that most countries have some large cities that
 
might be considered the centers of metropolitan
 

areas.
 

3.21 Metropolitan areas.--A metropolitan
 

area usually includes not only a large central
 

city but also all surrounding administrative
 

areas thaL have some urban characteristics and
 

http:censu.es
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Figure 15a. REGIONS OF THAILAND 
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Source: Adapted from a map in Ralph Thomlinson "Thailand 'aPopulation," 1971. 
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Figure 15b. ECONOMIC SUBREGIONS FOR WESTERN FART OF CONTINENTAL UNITED STATES: 1970 
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whose populations have regular, usually daily, 

contact with the central city. 
 In most cases, 


"metropolitan" refers to a densely settled 

area which has a large central city or cities 


and an integrate4 economic and social life; 

the definition includes all contiguous admin-


istrative areas which conform to 
the above 

description (see figure 15c). 
 Metropolitan 


areas normally include 
some rural population 


because they are defined in terms of whole 

administrative areas. 
 Since metropolitan areas 

may represent a significant proportion of the 


population of any country and also itqmost
 
densely clustered population, they are impor-


tant areaF to define and analyze separately.
 

3.22 Urban and urbanized areas.--It may 

also be appropriate for statistical areas to 

distingush between urban 
population and rural 

population. Generally speaking, urban popula-


tion is regarded as that population living in 

closely spaced settlement and not engaging in 

agricultural occupations. 
One of the major 

difficulties in defining urban population is 

that city boundaries (established for adminis-
trative purposes) rarely delimit the actual 
extent of urban settlement, 


In some countries, the cities or munici-


palities include considerable rural areas and 

population. 
 In other countries, cities fail 


to include considerable urban population out-

side their limits. In the first case, the city 

could be called overbounded and in the second 


case, underbounded. 
One way of correcting for 


these conditions so as to achieve a better 

separation of urban and rural population is to 

develop statistical areas which carefully bound 

the urban areas mainly on the basis of high pop-

ulation density. 
 In the United States, such 


statistical areas are called urbanized areas 

and are named after the principal city or 

cities. 
 The urbanized areas are customarily 


defined to include the (a) central cities of 


metropolitan area3 and (b)their closely built
up surrounding territory. 
They may be defined
 

also for somewhat smaller cities. 
All of the
population within urbanized areas 
is regarded
 

as urban population.
 

In Canada, the urban 
 ortion of each metro

politan area consists of the central city or

cities, known as the urbanized core, plus the
 
adjacent closely built-up area called the ur

ban fringe. In Argentina, the Greater Buenos

Aires area 
(shown in figure 15d) consists of
 
the Federal Capital and urban portions of the
 
surrounding partidos, which are 
similar to
 

districts or counties in other countries.
 

Urban population, as it Is defined in many
 
countries, recognizes cities, towns, and other
 
selected administrative areas above a certain
 

minimum population size. 
This minimum number
 
customarily varies from 1,000 to 5,000. 
In
 
many cases, the smaller cities and towns are
 
overbounded and Include much land and popula
tion that is outside the closely settled area.
 
To impro-;e the definition of urban and rural
 
population, special boundaries may be drawn to
 
rPeparate the closely settled area from the
 
surrounding open country in a manner similar
 

to the definition of urbanized areas. 
 Statis
tical areas of this 
type may be designated
 

"places." The boundaries of these "places" may
 
be delineated by census field teams from the
 
Geog-aphy Division of the NSO or with the help
 
of some of the local officials of 2nd or 3rd
 

order divisions. "Places" have been defined by
 
many countries.
 

In summary, the term urban refers to places
 
(cities, towns, urbninized areas, etc.) that are
 
above the minimum population, and whose inhabi
tants live close together and engage in non

agricultural occupations. 
The area definitions
 
include all or parts of administrative divisions
 
that meet the criteria. The remaining areas are
 

defined as "rural."
 



Figure 15c. METROPOLITAN AREA OF HALIFAX, NOVA SCOTIA CANADA: 1971 Figure 15d. AGLOMERADO GRIAN BUENOS AIRES, ARGENTINA: 1970 

AGLOMERADO GRAN BUE1NOS AIRES 

SUBDIVISID6C 
ISACKV1L.L-Wl90$CR JUNCTION) 

x 

.::.!:'23 *101 

C 

X0 

N~.3SOZUU OE NY1 ~S 
PASSAGE 

.4SNZUMCSsAZGEORAI1 

X1 ', /. 

CENSUS SUBDIVISION -- SUBDIVISIONDERECENSIMENT ARE i II E ISO-/
" 

16 LA PLATA 

2AVU+LANEDA 17 LOUAS ORZ'.ORA UI CO 

URIANIZIE c 0 EL: NOYAU U2 . 3 OANISIIPZATIGUI 4 MARCOS PAZ O ---

L. fi 

lEI II CENN--A OEN{lIE 
S CAPITALFEDERAL6 f.NS(NAV.] 20 MOIENOL 

21 MOO 

•20 r 6. , . 

W'RINGIC iBANLIIUE: 
I E$T[IM IKP4VtIIIA 23 OJIL I$ % 

tm 22~.lC.,A CE.10AAUE ,11 to TO1310iftO -A4.d*. 

ft-,O R-W01 10 GENCAL.LAS HERAIS 
It G EN RALIODRIIGUE. 

215%AN,ISIDRlO 
26 S. . .,CENT{I 

' 

7 

) o I ) | • ~ 7ISCGANU~~~1G[,FRA SA INATIF 
22 PILAR 
2711GRIEDfII[O bl tqle' "'- , 

SOURCE: "1971 Census of Canada: Population Reference Maps." 
by permission of the Minister of Suppzy and Services Canada. 

Reproduced Scur2e: "Cenco Nacionl.i de FobZaci6n, Farmlias y Viviendas -
1?7. " Coztcsy of ',:stituto 17acional de Eutadfstica y Censos, 

Re, Ul,?7 of Argentina. 



295 Chapter 15 STATISTICAL AREAS 


3.3 SazU aAeo 


The third major type of statistical area 


includes the various small areas used for de-


tailed analysis of metropolitan or urban areas
 

and, in some instances, of rural areas. These 


include such areas as census tracts or sectors, 


census divisions, city blocks, central business 


districts, school districts, planning areas, 


communities, neighborhoods, voting precincts, 


and the like. Not all of these areap have been 


recognized in census taking, but they could be 


recognized if it were deemed desirable, 


A census tract, or sector as it is some-


times called, is a general purpose area and is
 

one of the most significant and useful types of
 

small areas that can be developed. Figure 15e 


shows the division of communes into statistical 


sectors for part of Belgium. 


Census tracts are small, permanently es-


tablished, geographical areas into which large 


cities and their surrounding areas have been 


divided for statistical purposes. In some 


countries an average tract has about 4,000 


people. It is originally laid out with good 


visible boundaries and with attention to achiev-


ing some uniformity of population characteris-


tics, economic status, and living conditions, 


Such areas serve as permanent meaningful units 


of analysis in cities where most administrative 


divisions are defined for a single purpose 


(elections, utilities, administration, etc.) 


and are subject to frequent change. Figure 9d 


(in chapter 9) shows a portion of a city that
 

was divided into census tracts and city blocks. 


A census division is another example of a 


small statistical area. It is a subdivision 


of 1st or 2nd order divisions where administra-


tive subareas are unsatisfactory for statisti-


cal purposes. Administrative subareas may not 


exist, their boundaries may be unknown to both 


the inhabitants and the local authorities, or 


the boundaries may change so frequently that 


their usefulness for statistical comparisons is
 

impaired. In any case, the census divisions are
 

relatively small areas which may be defined by
 

the NSO for census use. They should possess good
 

boundaries and usually represent areas that are
 

community, tribal, or trading areas.
 

Rural agricultural villages also are small
 

statistical areas. They may be delineated on
 

the basis of close settlemei.t- and recognized
 

as rural "places." In a number of countries,
 

some agricultural villages have many thousands
 

of inhabitants; they may have a larger popula

tion than some urban places.
 

3.4 Othver sa-tZst~cat wreas 

Although the three general types of sta

tistical areas discussed above are considered
 

more important, there are several other tvpes
 

(including intermediate and other subreg.Lons)
 

that have value and may become very significant
 

in the future. Three are rientioned briefly.
 

3.41 Subregions.--The first are subregions
 

of 1st order divisions. These consist of r.oups
 

of 2nd order divisions. Such areas have been
 

developed to recognize agricultural and economic
 

support are:rs. In many cases, they are related
 

to natural subregions with special physical
 

characteristics of climate, topography, drain

age, and soil.
 

3.42 Metropolitan regions.--The second
 

type is the metropolitan region. Regions of
 

this kind represent an attempt to define the
 

areas of influence of metropolitan centcrs and
 

in some cases those of smaller citis. The en

tire country may be subdivided into metropolitan
 

regions. Metropolitan regions comprise groups
 

of the 2nd order divisions of the country and
 

usually do not observe the ist order division
 

boundaries. Metropolitan areas form the nu

cleus of these larger metropolitan regions.
 

The usefulness of metropolitan regions is pri

marily for market and economic analysis.
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3.43 City or metropolitan subareas.--


Small araas such as census tracts may become 

too numerous in large cities for general data 

analysis; therefore, summary areas composed of 

groups of census tracts may be needed. These 

city or metropolitan subareas are 
often de-

scribed as communities within the city, but 

may also be employment or economic subareas, 


4. 
CONCEPTUAL BASIS FOR VELINEATION 


OF STATISTICAL AREAS2 


The considerations on which the delinea-


tion of statistical areas rests are numerous, 

They are outlined here to provide an under-

standing of how the definition criteria for 


such areas might be developed. For each type 

of statistical aretthe emphasis will vary, 

depending on the purpose or use desired in
 

statistical presentation. 


4.1 Homogeneows oA gunctiomf emphasi 

Two fundamentally different principles are
 

observed in defining statistical areas. One is
 
to define a statistical area by the likeness of
 
the characteristics of its component parts--the
 
homogeneity principle. 
The other is to define
 
a statistical area by the presence of a nucleus
 
and an area of influence--the functional inte-

gration principle. Boundaries should be main-

tained for a long time without change, so that 

statistics can be compared for the same areas 

from one census to another, 


4.11 HomogeneityPrincple.--Applying 


the homogeneity principle requires grouping 


together in 
a single statistical area those
 

2Some of the iceas expressed in this section 

are adapted and updated from a previous publication by Morris 
B. Ullman and Robert C. Vlove,
"The Geographic Area in Regional Economic Re-

search," presented at the Conference on Research

in I;come and [ealth, and published in a reportof the National Bureau of Economic Research, 
Regional Income, Studies inIncome and Wealth,
Vol. 21 (Princeton University Press, Princeton, 

New Jersey, 1957), pp. 87-111. 


parts which have similar characteristics and
 
separating those which are different. 
 Often
 
the differences along the border are not sharp,
 
and careful judgment is required to assure that
 
the similarities in characteristics and trends
 
outweigh the differences. 
The characteristics
 

may relate to population, economy, land use,
 
or physical environment or, more commonly, a
 

combination of characteristics. 
The technique
 
of selecting boundaries involves the use of
 

statistics, maps, and frequently field work or
 
aerial photographs for smaller statistical
 

areas. Statistical areas delineated on the
 
homogeneity principle are particularly useful
 
for analyzing trends as well as differences
 

between areas.
 

4.12 Functional integration principle.--

A statistical 
a.rea 
designed on the functional
 

integration principle comprises all the area
 

that is organized around a centralizing node
 
(or nucleus) and which generally operates as
a unit. 
Functional 
areas include metropolitan
 
areas, community and neighborhood areas, tribal
 

areas, trade areas, 
traffic flow areas, and all
 
other areas that are integrated through commu
nication or movement 
of one kind or another.
 

Integration, like homogeneity, may be based
 
on a single factor or a group of related fac
tors, and may be difficult to measure. 
Few
 
statistics are collect d on movements, commuting,
 
traffic flow, trading patterns, or communica
tions; fewer yet are readily available or published. What Is available is often difficult
 
to interpret. Yet considerable information on
 

the boundaries of statistical areas may be ob

tained through field observation, interviews,
 
and mapping of the results. Such techniques
 

may be costly and often they are not precise;
however, they are valuable in defining areas
 

properly. 
4.13 Use of prncples.--In the delinea

tion of most statistical areas, both principles
 
are used to some extent. The difference is
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mainly in emphasis. For example, census tract 

(or sector) criteria emphasize homogeneity but 

also recognize the imrortance of such major 

barriers as railway., freeways, waterways, and 
topography, which often separate one community 

from another. Indeed, some census tracts are 
neighborhoods, and in many cities combinations 
of census tracts are recognized as comi,.unities, 

planning areas, employment districts, or cenLral 
business districts. In the case of metropolit;n 

areas, the criteria may be divided into two 
kinds: (a) those con-erned with identifying 


metropolitan character, including population 

concentration and size, concentration by place

ofSincethereparseadiotionaltcostsminrolvedain


of work, and possession of other important a-
tivities, and (b) thost, concerned with economic 

and social integration between the central city 

and outlying areas in terms of daily commuting 

to work, shopping, and comnunication. Also, 

considerations of scale or level in the hier
archy of areas are always pertinent, and what 


may be homogeneous among large areas may be
 
very heterogeneous among small areas. 


Nwnben, s ze, shape, and gid 

While homogeneity ano functional integra-


tion principles are basic to 
the selection of 


criteria for the delineation of statistical 


areas, many other factors require careful con-


sideration. These are discussed from the point 


of view of both the analyst (or user) of statis-


tics and the collector of sta,:istics (the NSO). 


4.21 Number of areas.--It is important 


to have only a few statistical areas if one 


seeks a quick and general overall view of the 


distribution pattern of a large area. 
 This is 

true if one is looking at the whole country 

and wants to know what are the major regional 


differences. Likewise, in examining the sta-


tistics of a large ist order division, it is 


desirable to determine what are the major sub-


regional differences. The same can be said 

for a large city and its major subareas. How 


many statistical areas are needed for this 


purpose would certainly vary, depending on the 

population and area size of t0e country, ist 

order division, or large city. Depending on 

the complexity, the number might vary from 

to 10 (but rarely more) and preferably from 

3 to 5. 

On the other hand, once the general viei, 
of the distribution pattern is determined, de

tailed analysis requires statistics for many
 
small areas. It is difficult to advise on how 

many are needed because this depends upon the 
complexity of the ovrall area and the goals
 

of any statistical and cartographic analyis. 

Since there are additional costs involved in
 

the collection, Labulation, and publication of
 
statistics for statistical areas, it is desir

able to seek the minimum number necessary for 

the detailed an'lysis required. With the wide
spread use of electrcni computers, the tabu

lation costs are not assignificant a limiting
 

factor as they were in the past.
 

4.22 Size of areas.--Closely related to
 
number of areas 
is the size of areas. "Size,"
 
as used hera, usually refers to population size
 

(or to the amount of economic activity within
 

an area in the case of economic censuses). For
 

small statistical areas particularly, it is
 

important that each i.s-,f sufficient size to
 

assure that meaningful data can be pro' ided.
 

When statistics are collected by sampling,
 

the sampling error of tha results for areas of
 

small population may be high, depending on 
the
 

sampling fraction used. In addition, there is
 

a strong likelihood of disclosure of private
 

information in any detailed tabulation of areas
 

of small population (this is true also in 
a
 
complete enumeration). To avoid disclosure of
 

private information is on6 reason why very few
 

small-area tabulations are available from cer

tain census inquiries, such as the census of
 

manufactures.
 

Equality of population size is of lesser
 

importance but is significant for some area
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analysis. 
 Each region should have a signifi-

cant proportion of the total populatioi; to be 

called a major region. The populations may 

vary -rea':ly among regions, since many large 

areas nave low populations. Normally, mountain 

areas, desert and semi-arid areas, and heavily 

forested areas have small populations yet may 

occupy large land areas. 
 For metropolitan and 

urban areas, equality of population size is not 

a major factor in setting up the areas, because 

separate data by size group can be provided in 

the analysis. For small statistical areas, rough 

equality of population size is of conoiderable 

significance; at the lower end of the scale al-

most all areas should have at least a minimum 


size for presentation of meaningful statistics, 


Equality of land area is generally of 

still lesser importance in designing statisti-

cal areas; statistics from most censuses relate 

primarily to people and their characteristics 

and activities. Nevertheless, the relationship 


of land area 
to people is important in under-


standing distribution. 
Therefore, when delin
eating small statistical areas, it might be 

desirable to divide very large areas with low 

population density into as many statistical 

areas as feasible even though in a few cases 

the reliability of sample data may be rather 


low. Rough equality of land area facilitates 

the presentaLLon of statistics in cartographic

form.4.1 


4.23 
Shape of areas.--Compactness of shape 


is a desirable quality in statistical areas, 

particularly for functional-type areas, 
so that
 
even the peripheral parts are about equal dis
tances 
from the centers. In twisted or elon-


gated area s, the re is the possibil ity tha t the 


statistical characteristics of the extensions 


may be quite different from those of the center. 


Irr e g u l ar i ti e s o f sha p e a l s o can b e a dis t i n c t
handicap in cartographic presentation, 


4.24 Completeness of grd.--Completeness 


of grid refers 
to the land area coverage of the 


various types of statistical areas. 
 To be of
 
use, major regions and subregions must always
 
cover the entire country. Metropolitan and
 
urban areas are selected areas distinguished
 
from the rest of the country and therefore do
 
not have complete grid coverage; but their
 
selection from all parts of the country must be
 
on a comparable basis. 
 Small statistical areas
 
such as 
census tracts and blocks are normally
 
limited to metropolitan or 
other urban areas
 
and thus lack a nationwide grid. 
Where defined,
 
they should completely cover the metropolitan
 
or urban area. 
With other small areas, such
 
as 3rd or 4 th order divisions, census tracts
 
may be used to complete a nation'wide grid of
 

small areas.
 

It is important for data users to know the
 
exact coverage of each type of statistical area.
 
For the NSO, it is doubly important to know the
 
exact coverage or grid so 
that each statistical
 
area is properly coded for recognition in sta
tistical tabulations.
 

4.3 Boundaty and Aecognvt on p4obteras
 
There are several other essential aspects
 

of the identification of statistical areas that
 
are meaningful to knowledgeable data 
users.
 
Included are matters of boundary selection and
 

area definition.
 

4.31 
Definitenessofareaboundaries.-.
 
D f n t n s of a e bo n a e .-
Boundaries should be definite, well known, and
easily identifiable 
through observation or
 

inquiry in the field; otherwise, the accurate
 

allocation of data is 
impossible. 
 Incorrect
 

boundary information 
may result in some omis
th e r eu l in ati sti 
 eu la tion , adng 

e r e l tingfstatist cal B u a ies of 

ser se l a e a s mu st o undr es o h 

s ai roa tras s tre a t u r e s s im i a r roads, railroads, trails, streams, 
or similar

visible lines that may be readily identified by

enumerators. 
If statistical areas are defined
 
in terms of administrative divisions, their
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boundaries must follow the adminLstrative boind-


aries. The name of each boundar3 feature shoild 


be determined if'possible and indicated on the 


enumeration maps and, if the map scale permits, 


on the census area identification maps prepared 


for publication, 


4.32 Contiguity of area.--Each statistical 


area should consist of one contiguous area. 


This is a very sound principle to follow; how-


ever, like all good rules, there can be a few 


exceptions, such as small islands and a few 


administrative exclaves 3 which ordinarily do 


not cause problems. The presentation of com-


bined statistical data for two or more non-


contiguous areas is a handicap in cartographic 


presentation and in analytical studies; combin-


ing non-contiguous areas should be avoided if 


possible in defining statistical areas. 


4. 3 Recognition of area.--To all users 


to be
of statistical areas, it is important 


able to easily recognize each area under anal-


that is, to know its general location
ysis; 


and limits. For this reason, statistical area 


identification maps should always be provided 


by the NSO in its publications. Recognitiun 


is also aided by giving names to statistical 


areas, especially the larger types such as
 

major regions and metru~olitan areas. The 


names should be descriptive of the area in 


terms of major featur.2 or places, prefe.ably 


names that are known and already used. For 


small statistical areas such as census tracts 


or sectors, this is ordinarily not possible, 


and identifying numbers must be assigned; as a 


result such areas can be located only by using 


a cenqus area identification map. 


4.34 Precision of definition.-Certain 


statistical areas are more precisely defined 


than others in terms of their principles of 


definition, whether homogeneous or functional.
 

3An exclave is a portion of an administrative 


area which is separated from the main part. 


The boundaries of a homogeneous area may be
 

sharp and may easily distinguish the area from
 

more
its surroundings; however, the area is 


likely to have transition zones between it and
 

its environs. The same is likely to be true
 

for functionally integrated areas.
 

For major regions composed of groups of
 

lst order divisions, the definition normally
 

is not precise because boundaries of i
st order
 

divisions are drawn for administrative purposes
 

that may have little relationship to the cri

teria for defining regions. The same is true
 

of metropolitan areas which are composed of
 

2nd order divisions or other administrative
 

areas; they may include considerable area that
 

generally might not be considered as metropol

itan in character. On the other hand, urban
 

areas may be defined more precisely, provided
 

they are defined on the basis of closely built

up settlement with lesser regard for adminis-


Finally, small statistical
trative areas. 


census tracts (or sectors) which
areas such as 


may be drawn without much regard for 3rd order
 

divisions or smaller divisions, can be defined
 

much more precisely. Even here there is some
 

lack of precision, because there is less sta

tistical information for defining these small
 

areas and much reliance must be placed on field
 

observation, local knowledge of conditions, and
 

subjective judgment.
 

In the final analysis, the defiln.tion of
 

statistical areas is as much an arc as a pre

cise scientific achievement. It rests heavily
 

on common sense and good judgment in the appli

cation of the criteria. Consideration of all
 

the factors discussed here is essential in
 

developing good statistical areas, even though
 

some cannot be precisely quantified.
 

4.4 Data compa.'abZtty
 

Changes in the definition of statistical
 

areas from one census to another make it diffi

cult for the user to compare the results in any
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trend or historical study. The user does not 


know how much of any change was caused by the 


boundary modification. For statistical areas 


that are composed of administrative areas, iL 


is possible to assemble statistics for earlier 


censuses using the current area definitions,
 

provided that the administrative areas have 


not substantially changed their boundaries. 


The NSO should prepare retabulations of data 


from previous censuses for all statistical 


comparisons; this is highly desirable for major 


regions, subregions, and metropolitan areas. 


To avoid the necessity for retabulation, changes 


in statistical areas should be minimized. 
 For 


metropolitan areas which are growing rapidly, 


area changes occur; therefore, retabulation is 


needed at least for total population counts, 


For small statistical areas such as census 


tracts (or sectors) whose limits are unique and 


determined largely without reference to any 


administrative boundaries, retabulation is very 


difficult or impossible. Therefore, it is 


important for comparative purposes that changes 


in their boundaries be held to a minimum, 


For the urban type of statistical area, the 


problem of comparison with a previous census is 


most difficult. Many urban areas are growing 


very rapidly and expanding their settled area.
 

Users want to know the total population change, 


but many also would like to know how much of 


the change occurred in the expanded area and 


how much in the former area. If the boundary 


of the former area is observtd in the current 


census, the growth in the former area is avail-


able. The growth in the expanded area is much 


more difficult to determine and, indeed, can 


only be estimated by reconstructing the previous 


census totals for the expanded area from the 


rXecords of the previous census, 


5. PROCEDURES FOR DELINEATION OF 

STATISTiCAL AREAS
 

As discussed in the preceding section, 


census planners and data users must determine 


what type of statistical area is needed, then
 

evaluate the principles and factors that are
 

important in the conception and understanding
 

of the area. When this is done, tae definition
 

criteria may be developed.
 

5.1 Devetopment o6 dernition c~iite
 

It is obvious hat the definition criteriai
 

will be very different for each type of statis

tical area. They alro will vary from country
 

to country depending on user needs; the cul

tural, economic, and physical characteristics
 

of the country and its geographic parts; and
 

the availability of statistics and other infor

wation sources foi defining the areas. No
 

attempt will be made here to provide criteria
 

for specific types of statistical areas other
 

than the suggested considerations on area
 

concept3 given earlier.
 

The criteria for defining each type of
 

statistical area must be clearly stated in
 

objective and quantifiable terms insofar as
 

possible. These definition criteria should be
 

provided for users in the explanatory text of
 

reports in which data are presented for statis

tical areas.
 

5.2 ReposibiJtij fot det neYaton
 

The responsibility for defining statistical
 

areas will ordinarily rest with.the NSO of the
 

country; but the delineation can ,e shared with
 

others (and frequently this is do-ie). The need
 

for statistical areas mey be pointed out by
 

users at the national. Ist order division, or
 

local level, both from government and private
 

sources. If the NSO carries out the actual
 

delineation, there should be some review by
 

users to assure that the definitions meet their
 

needs. For major regions and subr., '7ns.the
 

reviewers should include other departments of
 
the national government that might use regional
 
statistics in their planning. 
 For metropolitan
 

areas, the reviewers should include the major
 

governments within the metropolitan areas as
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well as the national government departments. 


For smaller statistical areas such as census 


tracts, the reviewers should include all local 


governments within the area that is subdivided, 

In addition, for all areas where informed users 


of statistical data are known, their advice 

should be sought for both the development of 


definition criteria and the resulting statis-


tical data delineations. 


In planning for the delineation of small 


statistical areas, it may be determined that 


representatives of local governments or othec 


informed citizens may be able to delineate the 


areas more effectively Lhan the staff of the 


ISO because they know the character of the city 

or admi-iistrative area better. 'F this is so, 

they should do it, with the NSO providing the 


definition criteria and any available detailed 


area statistics. Nevertheless, review, modifi- 


cations, and final approval should still be the 


responsibility of the NSO. 


There are other possible arrangements for 

achieving statistical areas that might be 

adopted and used by the NSO. Some other de-

partment of the national government may have 

developed acceptable statistical areas which 

the NSO might find useful. Or a group of 

national government agencies, including the NSO, 

might jointly agree on a standard set of areas. 

Tilere may be other arrangements which would 

suit even better the situation and resources 

in a country. However, in all cases the needs 

of data users and the particular requirements 

of the NSO should be satisfied insofar as pos-

sible. The NSO in any case must have a strong 

role in developing the definition criteria and 

approving the final delineations. 

5.3 P~acticat .5Zep. in detineation 


There are six steps in delineating statis-


tical areas. At the start, it should be noted 


that their boundaries must be used as EA bound-


aries so that separate data can be tabulated. 


5.31 Assembly of data and maps.--All
 

applicable statistics for the area or region
 

to be divided into statistical areas need to
 

be assembled. These should be )repared for
 

subdivisions of the area and in a statistical
 

form (percentage, average, total, etc.) that
 

is practical for immediate application of the
 

requirements specified by the de'inition cri

teria. Also, appropriate detailed base maps
 

are needed for the area being subdivided.
 

5.32 Preliminary delineation.--In the 

course of applying the criteria to define the 

statistical areas, it is usually necessary to 

draw preliminary bound-ries ci a map. First, 

the core areas must be idertified. For major 

regions, the core areas are those ist order 

divisions which are contiguous and have very 

similar characteristics. For metropolitan 

areas, the core areas are the large cities. 

For small statistical areas, such as census 

tracts, the core areas are less apparent; chus, 

the city or urban area must first be divided
 

into major parts which will be later subdivided.
 

The second part of the definition analysis
 

requires study of the transition zones around
 

and between the core areas to locate the bound

aries that represent the best choice in terms
 

of the criteria.
 

5.33 Analysis of problem areas and modi

fications.--There are always some parts of an
 

area or region where it is more difficult to
 

apply the criteria and delineate the statisti

cal areas. These will require special analysis
 

at.d consultation with local officials and other
 

informed persons to assure that the criteria
 

are equitably applied. As a result, modifica

tions of the initial delineation may be made.
 

5.34 Assignment of names or numbers.--

When the delineation is compl-te, all statisti

cal areas must be identified by a name or number
 

In the selection of names, this determination
 

may already be relatively complete if it was
 

a part of the critpr - application process.
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For numbered areas it is a final step; assign-


ment must be in 	an orderly manner with progres- 


sion from one area to another to permit easy 


location on a map. For small statistical areas 


where numb-zs P:e iiormally employed, a cnstom-


ary system is to assign number 1 in the north

west corner of the area. Number across to the 


a second
northeast corner, then drop down to 


row of areas and number from east to west, 


continuing in a 	serpentine manner until all 


statistical area3 have been numbered, 


Another method of numbering is to assign 


the center of the city and proceed
number 1 to 


I !'imber
the other areas 	in qircular and 


C.t kwuise pattern until all have been numbered. 


5.35 Review of areas.--All statistical 


areas should receive some review and ver!.fica

tion to assure that they follow the criteria 


and meet the objectives sought in developing 


the criteria. First, 
some method of review 


within the NSO should be established; second, 


some outside review is desirable, either f-',mal
 

or informal. Review of major regions and 


metropolitan areas may be sought from other 


interested government agencies. 


For small statistical areas, it is desir-


able to have a field review of the areas and 


their boundaries. A field review involves 


sending thle person (or persons) responsible for 


delineating the 	statistical areas out into the 


field where the 	statistical areas are located 


to examine the boundaries and consult with t 


local officials. This is needed for two prin-


cipal reasons. One is to assure that the areas 


are meaningful to local informed people who know 


the areas from personal experience. A second 


reason is to assure that the selected boundaries 


(shown on a map) actually do exist and to obtain 


boundary names !f these are not available from 


maps. 


5.36 Final delineation.--The review may 


uncover errors in delineations or may suggest 


changes on the basis of additional information.
 

If so, the area definitions should be restudied
 

and any justifiable changes should be mace. In
 

any event, the final approval of statistical
 

areas shuuld rest with the NSO.
 

6. 	PROMOTING THE USE OF STATISTICAL
 
AREAS
 

The NSO does not normally produce statis

tics for its own use. Its goals are to produce
 

statistics that are needed by others and to
 

assure, to the extent possible, that they are
 

used wisely. Publishing data for statistical
 

areas is one techniute for achievinE the goals.
 

The task of developing ani reporting on a set
 

of statist'cal areas places certain responsi
bilities on the 	NSO.
 

In the first place, sufficiently detailed
 

tabulations of data must be made available for
 

the statistical areas to meet the needs of the
 

various users. If the users 
and their needs
 
are not well known. some effort must be made
 

to identify them.
 

For new types of statistical areas, efforts
 

are required to publicize them and to make known
 

what data are available for them. Such efforts
 

should describe how the areas are defined and
 

what are conceived to be the advantages of using
 

the data for these areas in analytical studies.
 

This can be partly covered in text accompanying
 

statistical reports but also needs publicity in
 

census news releases and in selected academic
 

and trade journals.
 

A more difficult endeavor is to learn how
 

the census data for statistical areas are ac

tually used, evaluate these uses, and publicize
 

this information so that the number of users and
 

their ability to use the statistics may be ex

panded. Learning how statistical areas are used
 

requires contact with the users and development
 

of sources of information among government, aca

demic, and business users of statistics. More
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specifically this involves consultation with 


users in national goverment departments, large 


city planning agencies, and private commercial 


interests (banks, transport compinies, whole-


salers, etc.) 


In seeking information on the uses of the 


various statistical areas, it amay be discove2d 


that the definitions can be improved through 


moeification or that therp is need for some new 


types of statistical areas. Moreover, differ-


ent users mey desire different modifications, 


An evaluation should be made of what changes 


will serve the most important uses and the 


greatest number of users. 


While it is desirable to maintain statisti-


cal czm~arability of areas over time, conditions 


do change. Some updating of statistical area 


definitions may prove necessary and should be
 
undertaken for subsequent censuses.
 

7. CONCLUSION
 

Finally, the question may well be raised 


as to whether the NSO can afford to develop 


statistical areas. An ambitinus and extensive 


program can be costly in research, development, 


tab,.1ation, and _lication, particularly for
 

small .. sas.On the other Land, the delineation
 

of major regions and metropolitan areas as well
 

as some improvement in the urban-rural classifi

cation can usually be introduced at minimum cost
 

and with maximum benefit to many users of the
 

statistical data.
 

The objective of a census is to provide
 

useful statistical data for a government and
 

its citizens. The mapping and geographic work,
 

which has been the subject of this manual,
 

facilitates accurate enumeration and provides
 

information by geographic areas; such informa

tion is useful fur understanding the signifi

cance of much Lf the data. 

This final chi~pter on statistical areas
 

presents only onc of the many ways in which the
 
usefulness of data may be enhanced. A large
 

investment goes into a census or survey and
 

this is ecovered only when the data are used
 

effectively. The NSO should be a leader in
 
research concerning ways to m3ke more effective
 

use of statistics. An important part (of this
 

research should be directed toward developing
 

mapping techniques and uses.
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+_.., .. r...................ii )
.pi i . . '
...... .
 
S-f p q. on t. a .i - 7.1yets, sxtoLnja yt- t blI 1Sr . .. 

-4 Test, of -oslonr~n field Orocyres ..... . i
 
IC- Data :rscessi';. ,,rocedures ,nm ccr+f ter p aqra ns, -

.. . r- ... and ... rvoorin,....... +.,
It-AS'rristrtlye, t ccnrI.. . ..., ... ......prolr-is ........ +! .~ I 1~~~ I~ 

12 - Tr.,in; yr-era and ate,;als for Cowrratian.
 

I3- Tenst a-jcessing ter
yt r'a,.,al cz 

S .... ... .. .. ... .... ?-+.... .'ce~ 

14 E per o I . -s. ,2 ..................
 

1 - E.perhrtal cons.s -, e-r.....a.in ...


16.- Dsg,,and of Surve,L, trst Fast Eneatia iPES),. 
-Pitr of que'tisnnaire an. a-'to fyr's...2
,+0o,,+ . ,..... ....+o . ..+ + + _ ... + ....... .. . .. 


- pCoilat ard nod.ctic. basenac,...ion of 
1
 

f o1-cp and20- Fi c a. iI5 ;on ... . X
 
21- lelineatim of EA's,ndCL Ipr. lea ,er;a s ..... ..
 

- Preparationand reprductior - f fiele- e mas.. I 4.4...
 
23- Pu licato as a cart ...... ...... .... .... ++.,_+L.+ 
 + i M-i 

EN2!ERATO: 

24- ftabllhhfn+nt of field offices..................... . .. . .......... I 
25- PeC 'itne t and taitilO of field offi-e.............. ................... :+: + .1+++, _ _
 ...... .........
 

26- Distributon of .trlal, to fieid ...... . . 

27- Peritnt and talnis (,f ,. . lea er %..... .. ..... .-... -!
 
2e- Aetrait,et and taiin_ of n"r .. ' . --- +
crs ............. .4 +".-. M- I
 
29- p let ,eratic.. .f ,.+.+.
enrur, ............................... 


... .. ... ... ....PE r...u,'ati0 
31 - Clise-out operations........... ........... . ..... 
 .
 

PROCESSING: 

32- Receiptand che,s-ln of returns.................... . * 

33- Prelina vry ....................... .papalation courts .
 
34- manul editing-codinof - P ete nu, ratlon ....... r -. 5 , I T 
35- Card punchingof comt;iete enurtratlo............. . . .r
{-

36- HAcsine processilng .f cr.-,plete rae ra tion .......... ... . "" .-
37- Manual.,ltlg-codng o,,, ................... ......... . . .... i+j.).j ,,,.
 

38- CardPunchingof PlES.................................. . )...+_j_+4 '
 

39- Maci,.no, ces ng . of P,................. ....... . II
+ +4..-...j 


ANsALYSISPUBLICATION: ' I H IANDS II 

40 - Naber Inhabitants I) ...... . .... [.. +, .of iVolynue .... . - -

Generalcharacterlstlcs 11 41 - (Vol .......... .... . 4 . . 

42- Analyticalreports(Volume Il ) ...................... .... TI 

PROCEOUFLLHISTORYOF THE CENSUS....................... I-4+tI-


SP:IAL REPORTS .. 212.J.................. ........... ........... 4-

INTECENSAL SU2RVEYP.OGR. ............................... 1.7
 

Continuingactivilties
 

'AotlvityIntermittent;
covershiring and training of mappingpersorrel.programers, juniorprofessionalstaff,and processingclerls.
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ExhibLt 2-4. CALENVAR OF MAPPING ACTIVITIES 

BEFORE CENSUS DATE AFTER CENSUS DATE 

Activity 

years 2 years I I years I year 

T 
year year I year I -years 

[ 
2 years 

PtAiING, ADMINISTRATION,TRAINING: 

I- Determine scopeor nipping program. ............... 
?- Determine mapping needs and specifications......... 

I I 

' 

3- Identifystatisticalareas........................ . . . . 

4- Preparej. coding sche ........................... 

5- Preparecalendarof activities................... 
6- Design control formsand procedures................ 

7- sti ate personnelneeds....................... 
8- Prepare buditet ..................................... F 

F F 

! 

gi-Hireand train additional personnel.............. 
!0 - Order '.uppI~es... .....I.............. . . . . . . 

ti- Prepareinstructionsand training rriterialson 
use of saps In enumeratirn........................ 

12- TrainfieldStaffihuse of maps i, enumeration.... 

13- Receiveand file enureration is returnedafter 
thecensusand post.enu..ratio, ure. (P[s)...... 

P11PARAI'ONOF BASEMAP,-, 

14 - List and code....... for which maps.........ded ...... 

Illi 
I 

t 

1 - R.tkaead ,lntain Inventory o eilsting resource 
mlatrIais................ ..................... 

16- Preparepriority list of areasfor crpi In n aps.. 

il Prepareand verify -Ipcorpilationpaciages........... 
D- lraft base malp%................. ................... 

I 
1 

19- Reviw and verify draftee maps .................. 

20- Reproducebas ays............................. 

PREPARATIONOF ENUMERATIONMAPS:
21 - LetIneate a~dende EA and CL are~a%(foce su ...... I i 

22- Revl. and verify delineation and codin........... 

2 - Reproducedelineatednips.................. 

24- Cut delineated Nips into EA and CL maps ............ .4-i 
25- PrepareEA, CL, and fieldoffice maps fur I........Io................................... I I !i 
26- Reviet and verifycensus enuorration naps.......... 

2?- DelineatePIS %.amplese meents....................... .I 

2 
8 
- RepruducePES op,..- .............................. 

29- Prepare PtL 0.aps for envuerat .................. 

I I 

I I 
! 

30- Contact localoffcials and Otheragenciesfor 
places to be added to listof areas................ 

31 Acqu,reresure nater;as--r..ps.aIr phots.ski,c .....................I................. 

32- Updatenap inforevitioni bondr ,,ri. nes. Fu 
loci ho n f eatures, etc.) ........................ 

FI 

F F F 

,:: ! 

33- Ma.h.quickcountof HU's for census CA 
del nea n . ..... . . . ............... 

3 
4 
- Divide PES .am.pleare.a%.l .Sctors. animake.e 

quickcountsforsamplinJ................. 

I Ii 

DISTRIBUTION01'ENUMERATIONMAPS: 

IS- Distributenaps forcens,-.ueratlo. 

36- Distributemaps furPE' .irinjand quick count 

37- Distributematpsfor PE! inimnration............. 

PREPARATIONOF PUBLICATIONMAPSAND CHARiS: 

38- Designmaps and charts ..................... 

39- Draft napsand charts............................. 
40- i. .. andverify cens. nips and charts ........... 
41- Print and publish census maps and charts............ I I.. 
PROCEDURALIISiORY...................................... 

PREIARATIONOr MAPSFOR INTERCENSAI.SURVEYPROGRAM...... J 1 

=Continuing activities 
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Exhibit 2-5. FLOW CHART OF OPERATIONAL CONTROLS FOR MAPPING ACTIVITIES
 

INVENTORY INVE TORYC E N T R A L C O N TROL
 

Catalngue all materials 
on file; examine
 

coverage for individual areas; prepare Post to rap production control; consolidate
 
inventory cards and index maps requests for field work resulting from inven

tory; consolidate information for priority
 

listing; prepare map package folders; assign
 

areas from priority listing to Map Compilation
 

FIELD WORK <I Section; prepare transmittal MAP COMPILATION 

Acquire additional -naps, aerial photo- I Post to compilation control; select 
graphsmaterials for base maps and list on(o stfffolders; rpr tinrary request additional field work
 

for field staff - Post tomap production control; file materials
 

not selected for use; send materials selected
 
to reproduction; consolidate requests for field
 
Ccrk and send to Division Chief; catalogue new
 
materialsPand update Inventory cards and Index
 

prepare transmittal ne atDpea isrtofmaps; 


Post to reproduction control; make
 
copies of sevicte baterals
 

Post to map production control; prepare
 
transmittal; fAP 
 COPILATIrN
 

RPost to compilon control review any
 
enew mater is; prepare Instructions for
 

Sdraftsmen
 

Post to map production control; prepare
 

r etransmittal
ROFTING 


Post to drafting control; prepare pre
liminary 


base 

aps
 

trnmta

REPRODUCTION 


Post to reprodmcttioncontrol; make 

cop pmrae maps rees Ldf whsnat lase 
Post to map production control; prepare 

transmittal pAP COPILATION 

Post to compilation control; revew 

Post to map pr:,duction control; if corrections. rlmnr ae p n eus 

return to drafting; if no corrections, sen tocortis 

reproduction, .,",pare t-ansmlttal 

REPRODUCTION 

Pst tooreprod ucti on control; make 

coples of reviewed base maps 

Post to map production control; prepare 

FIL OKtransmittal. file resource materials > 

IRequest verification u.pdating. ;d HU 

s ti mates Pos t to ma p product ion on tro l - nrepa re 
transmittal ' MP COMPILATION 

maon dun 're a refeld 
Post to compilation control; reviewwork and prepare Instructions 

F ma Ot tprducioncontol;If orrctinsfor correction of base maps 

cosoidt progrers reots rnsi E 
send to drafting; If no corrections, send 

n 
to 

REPRODUCTION reproduction; prepare transmittal/ 

SPost to reproduction control; make 

Icopies of final base maps es o ppoolncnrl iecIia_ / 

base maps; if E', base map, send copies to EA 
Delineation Branch; If publication maps, send 

to Publication Division EADLINEATION 

Post to delineation control; delineate 

EAts and Crew Leader areas; review 

delhoeation; prepare master list of 

EA's; calculate number of copies of EA 

REPRODUCTION 

Post to map production control; prepare 
transmittal 

psn e d rq st oi s 

Post to reproduction control; make
 

requested copies of delineated maps and
 

imaster list of EA's
 

Post to mar production control; prepare
 

Post to delineation control; cut out
 

EA and Crew Leader maps, prepare maps
 

Post to map produ tion 
c(,ntrol and index maps;foenertn
 

consolidate progr e ss r.eparts; transmit EA and
 
Crew Leader maps with master list to Decennial
 
Census Division; prepare transmittal; check-in
 
and file maps after enumeration
 



--- 

Appendix 
 311
 

Extabit 3-i. SYMBOLS FOR SMALL-SCALE, MEDIUM-SCALE, AND LARGE-SCALE MAPS 

Map scale 
 Map scale
Feature Feature __-
Small Medium Large Small Medium Large
 

BJUNDARIES 	 4
NATURAL FEATURES


International .
 Large river or stream
 

Is t order division -'-
 Small river or stream
 

2nd order division -,--- ---- Intermittent stream 
rd  

3 order divisionRapids


3rd order division 	 or falls -- '
 -- - R d 

Enumeration 
area (EA) 	 a.Lake 

Crew leader 	area 
 XXXXXXXXX XXXXXXXXXX Intermittent lake 	 r , 

CAPITALSa
 

Swamp -

Nlational d ', 	 !L:r:a, Bench mark aM aM BM 
. . ._. ,t__;j__.' (for elevation) 27479 57479 

s t 
order division * ::J~r,'' f i,:,ucj.:r.ieo, SELECTED CULTURALI_ orderdivision 	 n' O tr,,,dlt; i:d itr,',e) FEATURES 

2OTHER JRBAN PLACES	 SSchoolI 

e 
 " P.............'," t ) Church
 

Med i um 0 oozl --t * . Dwelling 	 a 0 0 

( ho' ,r,?2, Group of dwellings
Sm"' ! 'ea, with numbe, of unitsSmall a:elce 

i. ;,;i~r'.,, ,,;.: ,:.. , Conmmercial building
Urban place 	limits 
 Conuercial building
 

., Government building 

Urbanized area 
Industrial plant
TRANSPORTATIONCOMMUNICATION3AND n 	 a 
E e t i 
 o e l n
 

Major 	highway with Electric power plant

route number . .. ._ 


A _ _Primary road 
 Radio station
 

L_
or street 


ospital 	 nrn 
Unpaved road
 

mine 0r quarry
Trail or footpath
 

Cen'Lteryr ..... 

Transmission line 	 I 

Railroad 
 A,___:__ 

Br i dg e - " -K-.. 	 . . ' 

{ Reservoir and damn 
i r !. :,, ::.,, Fence or property 

'The size of 	 the symbol maw vary with the S:L1 Vf 1 city, or tne symbol may he used in combination with color or in combination with 
anothert urban symbol.

IColor may be used to emphasize urban places. It the urban place is large dan the scale theof map large, the map may extend over 
sevoral shoets. 

31n addition to usinq weights of color be used to betweenlines, 	 may distinuish tyjxs of roads; for example, red for primary roads and 
blue for aecondaty toads.4
 

'lhe color blue may be used to emphasize water featur s.
 
51f the cemetery is large, the area and boundaries may is shown on small-
 and medium-sc61r the park Is large, 	 le maps.such as a national park or a game preserve, the area and boundariec may be shown on small- and medium-scale mapia. 



(FRONT OF CARD) 

Card I of3FORM___GEO__101_
FeruM ar-197 Province lCode District iCode
 

Subdivisions (List barrios/villages, urban places, hamlets, etc.)
 

INVENTORY CARD C,- b-.. o.-t- b",, mo L--, -

PART I. EVALUATION OF AV.AILABLE MATERIAL
 

Type of material Areas/divisions Catalog Location in files Date(', Scale Source Coments
 
covered No. Lcinnfe_______SueCmt 

Qre- 17-p Ma al -0l - r..,1<e- ~ Sur. (5SI 2 

holp "a 03-007 , ,ve y 0,1- M C 

cu-fa- pa.-t W'I, 
.po Mop -rol Vc,=lt\-mt o3-oo& , So K CS -Voss,b)e. r-vO i-1 base- mc-p
 

-- hood H'lp Cu4o al 1 03-00 N D- c'/a :5, - ( 

-Nm'z'sK r.! ;/ R as r-op rA , ma, sirocavo- so~ 

Wnn'n' a o -,, ,, 7/ ;Sol< (Y0inis- rx onZ-r-it- QY adnrs-rcA~v-- boV de.
 

?!ce ' i-Eeri kckryJdJ 3-C 1~ TPsre ~~~ca l. bs- a< 

(Continue Zisting oz back of card) < . 

PART II. NSO ACTION REQUIRED
 

Type of action Yes No Project or program Area(s) Date Results .v
 

___- __ --. Requested IReceived 

1. Acquire newer _-

Ill 

2. Obtain map
 
sketches 0 Censv ,L u--a. Jro '-l"t 

3. Obtain air
 

photos 

~4.Other(Specify) x 2 enrioS Ctb4. -yvvjMcro Mrrr,oS 7/9/1



(BACK OF CARD)
 
PART I. 
EVALUATION OF AVAILABLE MATERIAL-Continued
 

Type of material Areas/divsions NCatalogLocation in files Date(s) 
 Scale 
 Source 
 Comments
 

~~~~ ky, USb.7D+rci
mlexce moP Tort amle± CO 13 . . .... . .. . .. .... ... .. . I~ s smr b L3Seer-o-h 4.1 
c ,i3L... . . - 'S e o.e - rc-

I01
 

0
 

x 

(Continue listing on additional card) 



(FOLD) t

]
 

LISTING 

n

' n. 

MATERIAL 
 COMPILATION 
 DRAFTING 
 FIELD WORK
SELECTED 
 ACTION 
 ACTION REQUESTED I 

ASSIGNMENT
 

IDENTIFICATION
 

(OPEN END) 
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Exhibit 6-3. SECTIONS OF CONTROL FORM FOR MAP PACKAGE COVER 

..rte. 

( LA... 

MATERIAL SELECTED 

AREA CATALOG r'. 
------ - . ,oo. . 

03-.o.., 03-008, 
03-910.. 0_ -_0/- .. _ 

COMPILATION ACTION 

DATE 
DESCRIPTION STARTED COMPLETED 

OR OR 
REQUESTED RECEIVED 

e-.- +-,. -ona o(rc ..... 1/0// /78 J/9//0/78 

-03-0/, 03-0/3 

03- al .repar.o-+,ov., 

Sen+ Sourcefor Cop .es 

Ins,-,, 4ions 

181/ol'8 2L1o/'7 

25/0/78 ,,/8 

.. .... -.................... .. . .......... ..... . ... ... 


--------....- -.............
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Exh.ibZt 6-3. SECTIONS OF CONTROL FORM FOR MAP PACKAGE COVER--Contilnucd 

DRAFTING ACTION FIELD WORK REQUESTED 

DATE TYPE AREA/DIVISION 

DESCRIPTION STARTED COMPLETED ACQUIRE NEWER 

OR OR MAPS 

REQUESTED RECEIVED LYes [] No 

Sr i F ENA EEN f, I/6 176 211111/78_0 

Orblv bAsr APS 25/11179 

OBTAIN MAP
 
SKETCHES
 

... .. Yes L] No
 

OBTAIN AIR
 

PHOTOS
 

Li.Yes LiNo 

OTHER ,*.\) / 

.. .Yes Li No 

- e 1 - Li.) 

ASSIGNMENT
 

....- " OPERATION ASSIGNED TO-- DATE 

IDENTIFICATION
 

PLEGRO10 
....... .......... ICODE
0,.,,, .- /::NTIGu,,q 10o 
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Exhibit 6-4. EXAMPLE OF MATERIALS SENT TO LOCAL OFFICIALS FOR ANTIGUA DISTRICT 
(Conrtelt o6 tetteA tolt vary according to the inKormation tht is needed) 

MINISTRY OF ECONOMIC AFFAIRS
 
National Statistical Office
 

OFFICE OF THIE DIRECTOR
 
St. Regis, Popstan
 

8 July 1979
 

Mr. Carlos Hassan
 
District Commiss ioner
 
Tangiers, Antigua District
 
Alegro Province
 

Dear Sir:
 

The National Statistical 
Office is preparing for the 
1980 Population and Housing
Censuses. 
 As you probably know, the Minister of Economic Affairs has forwarded a
letter to all 
the district offices, requesting that they assist the National 
Statis
tical Office (NSO) in this 
important effort.
 

Essential 
tools needed to ensure 
an accurate and complete census
date maps include up-tofor every district in the country. 
 It would be extremely difficult, both
administratively and 
financially, to send NSO officials 

to obtain local 

to all areas of the country
information. Therefore, we are 
requesting your help
enclosed naps and in updating the
providing other current information as outlined in the 
instructions.
 

We are providing two 
sets of maps, one

Please return the other 

of which may be retained for your use.
se.t
along with forms GEO-202 and 203, and any separate maps
or sketches that 
exist for places you add the list.
to 


Thank you for 
your time and assistance in this matter. 
Your cooperation will
contribute to 
the success of 
the census as well 
as enable us to 
provide accurate data
for all 
the urban places, hamlets, and 
barrios or villages in your district.
 

Yours truly,
 

AHMED LIBERTUS
 
Director
 
National Statistical Office
 

Enclosures
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Exhib.Lt 6-4. EXAMPLE OF MATERIALS SENT TO LOCAL OFFICIALS FOR ANTIGIA VISTRICT--Continued
 

INSTRUCTIONS
 

I. NAMES AND LOCATIONS OF CITIES AND HAMLETS
 

The National Statistical Office plans to publish data for all urban places and for rural settle
ments of 500 inhabitants or more. Information is available in our office files as to the names and
 
locations of many of these places, but we would like to be sure that none are overlooked. Accordingly,
 
we are requesting your cooperation in completing the enclosed form GEO-202. The list contains the
 
names of all urban places enumerated in the 1970 Census and any rural settlements for which we have
 
information as to size and location. Please follow the instructions below in completing form GEO-202:
 

(a) Verify the name of each city or hamlet already listed on the enclosed form GEO-202. Place
 
an "X" after the name in column I if the place still exist,. Estimate the population of the
 
city or hamlet and enter this figure in column 3 of form GEO-202. If any city has wards that
 
are not shown on the form, please add them to the end of the list.
 

(b) Add to the list the name of any city or hamlet having an estimated 400 or more inhabit;'nts
 
(the settlement may reach a population of 500 or more by the time of the 1980 Census) On
 
the map, draw the boundaries of the city or hamlet. Use red crayon. Place the name of the
 
settlement on the map within or near the area you have bounded. Estimate the populF.tlon of
 
the settlement and enter this figure in column 3 of form GEO-202.
 

(c) Verify the location of all places on the maps.
 

2. NATURAL AND MAN-MADE FEATURES
 

Correct misspelled names and indicate the proper locations of old and new roads, railroad lines,
 
trails, power lines, large industrial buildings, churches, schools, cemeteries, or parks. Use the
 
same symbols for these features as shown in the legend. Also, verify the location of rivers, streams,
 
and mountains. If incorrect or not shown, indicate on the maps their approximate locations.
 

3. BOUNDARIES
 

'.-;fvthat city, district, and barrio or village boundaries are shown correctly on the maps.
 
Cross out (wth a series of X's) any incorrect boundaries and draw in the correct ones in red. Be
 
sure to print the names of the boundaries on the map, if they are not already given.
 

4. LARGE SPECIAL DWELLING PLACES
 

Verify the inform 'ion regarding large institutions or group quarters (such as hospitals, army
 
camps, prisons, hotels, dormitories, orphanages, monasteries, etc.) on form GEO-203. Add to the list
 
any that are missing. Note that only those with an estimated 100 or more residents need to be iden
tified. Indicate the approximate location of each on the maps.
 

5. HOUSING UNIT ESTIMATES
 

It would be helpful if you could provide some additional information that would enible us to
 
divide the area into more efficient assignments. On the urban as well as the rural maps, ple.se
 
divide the area into subareas that have recognized boundaries and estimate the number of :.ousing
 
units (not population) in each. Place the figure in a circle in the middle of the area, ano outliqt',
 
(in green) the area to which the figure relates. The subareas should not overlap adminis rative area
 
boundaries. On the rural map, do not include figres for settlements for which there Is a separate
 
map. Approximate the number of housing units in multiple dwellings as well as single dwellings.
 
The estimates need not be precise; you may round them to the nearest 5.
 

6. LOCAL MAPS
 

If you have any maps or map sketches that are more up-to-date than the enclosed, please Include
 
them in the materials you return to us. Verify that the maps are identified as to namr. )f place
 
and barrio.
 

http:Exhib.Lt
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Exhibit 6-4. EXAMPLE OF MATERIALS SENT TO LOCAL OFFICIALS FOR ANTIGUA DISTRICT--Continued 

FORM GEO-202 
(June 1978) 

MINISTRY OF ECONOMIC AFFAIRS 
National Statistical Office 

LIST OF CITIES AND HAMLETS 

1 
Sheet - of 
Province 

AI eg ro 

District Antigua 

Code 

03 

Code05 

_ 

Name of urban place 
or hamlet 

(I) 

Barrio/ 
village

No. 

(2) 

Estimated 
population 

(3) 

-Prepared 

by 

Coments 

(4) 

Date 

Beri hamlet 06 

Tori hamlet 06 

Casseta city 09 

Hutta hamlet 09 

Eddy city 12 

Tangiers city (part) 12 

Ward 01 

Ward 02 

Tangiars city (part) 15 

Ward 03 

Zuni hamlet 12 

m.mrria hamlet 15 

DISTRICT OFFICIAL:
 

(name) (title) (date)
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Exhibit 6-4. 

FORM GEO-203 
(June 1978) 

EXAMPLE OF AtTERIALB SENT TO LOCAL JFFICIALS FOR ANTIGUA VISTRICT--Continued 

MINISTRY OF ECONOMIC AFFAIRS Province 
National Statistica Office Alegro 

Sheet 1 
'Code 
1 

of 

03 

LIST OF LARGE SPECIAL DWELLING PLACES 
(100 or more persons) 

District 
Antigua
Antgua 

Prepared by 

ICode 
I 
I 
IDate 

05 
05 

Barro/ 
Noi 

~slt* 

Address or 
location 

Description of 
dwelling place 

Estimated 
population 

T if 
trar.-

Coments 

() 

09 

(2) 

Urba Hotel 

(3)_ 

Camo Street and Nati 
Road, Casseta city 

Hotel 

(4) (5)(5) (7) 

12 Tangiers School Muni Road and Sora 
Street, Tangiers city 

Boarding 
boys 

school for 4 

12 Memorial Hospital Alba Road and Tangiers !Dormitory for nurses 
Road, Tangiers city 

12 Tangiers Jail Argo Street and Robi 
Road, Tangiers city 

Jail for persons 
serving 30 days or less 

° A 

15 Tangiers Hotel Labba Street and Dorset Resident hotel 
Road, Tangiers city 

II I-I 
I 

DISTRICTf OFFICIAL: 

(name) (title) (date) 

*Transient dwelling places include transient hatals- raia_ 'vurfAt, --..f-.... . 



Ri vet /r 

S5 

"N X 

-ona-Dstic"buna I 

C3. -

; Hutta'k 

River 73 

Province boundary/ 
District boundary"" ,-" ' -. /. 

• -"Barrio/vilIlage boundary ' ' / 

Bridge 

Paved road 

Unpaved road 
PROVINCE: RLEGRO- 3 N </ 

0 12 KILOMETRS DISTRICT: ANTIGUA-0 

BARRIO/L--AGE: DOR ETA-09 



0 

322 Appendix
 

Exhibit 6-5. EXAMPLE OF MATERIALS RETURNED BY LOCAL OFFICIALS FOR ANTIGUA DISTRICT 

FORM GEO-202 MINISTRY OF ECONOMIC AFFAIRS 1 o 
(June 1978) National Statistical Office Sheet of 

Province Al g oCode 

LIST OF CITIES AND HAMLETS 


Name of urban place Barrio/ Estimated 
or hamlet village

No. 
population 

(1) (2) (3) 

Geri hwialet X 06 /1/05 

Tori harlet X 06 /, 900 

Casseta city X 09 2,500 

Hutta hamlet X 09 98-5 

Eddy city X 12 .3, 150 

-TangiErs city (part) X 12 


Ward 01 I, 055 

Ward- I, v q0 

Tangiers city (part) X 15 -

Ward 03 1 5 

Zuni harilet )( 12 -720 

Berria hamlet X 15 6 --0 

FeRl hAMlE+t _ 09 V75 

District Antigua code05 
Prepared by [Date
 

Comments
 

(4)
 

snpj5" ee,keb 

DISTRICT OFFICIAL: 

(name) (title) date)
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Exh.bit 6-5. EXAMPLE OF AATERIALS RETURNEV BY LOCAL OFFICIALS FOR ANTIGUA VISTRICT--Contjnued 

Sheet 1 of
FORM CEO-203 1

MINISTRY OF ECONOMIC AFFAIRS 
Province
(June 1978) Code
National Statistical Office 
 Alegro 
 03
 

LIST OF LARGE SPECIAL DWELLING PLACES District Code 
(100 or more persons)
 

Prepared by 
 JDate
 

Barrio/ 

village Name Enter


Address or Description of Estimated 
"T" if Comments
No. location dwelling place sient*
population tran

(1) (2) 
 (3) 
 (4) (5) (6) (7)
 
09 
 Urba Hotel Camo Street and Nati Hotel 7. , .Road, Casseta city 7- -em L1%e 1 

12 Tanglers School Muni Road and Sora 
 Boarding school for 
 0 Tii¢.ch~r-s
-.b"-Il-t¢.
 
Street, Tangiers city boys 
 410 olte,aheg ha. 

onschol rc,&^As 
12 Memorial Hospital 
 Alba Road and Tangiers Dormitory for nurses 
 TRoad, Tan g i e rs ci t y 0. 
 '-i ,
 

12 Tangiers Jail 
 Argo Street and Robi 
 Jail for persors
 
Road, Tangiers city serving 30 days or less
 

15 Tanglers Hotel Labba Street and Dorset -hote I'A
Road, Tangiers city 
 7- T flaro elon+ ' ' 

, 4 ,i. 3a. P,,j, moW,7',,,, e,,od I _______ /I 'eS/,/oPr,.s. ;,- e,,,. 'lp,O, , . ',,ap ,,F ":' 
/./'/ e Yc., W-e0: e- . 3 0doC,-r 

_______• ,.', J:7 

, 

DISTRICT OFFICIAL:
 

(name) 
 (title) 
 (date)

*Transient dwelling places include transient hotels, motels, YWCA's, tourist camps, etc.
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Exhlb &t 6-5. EXAMPLE OF MATERIALS RETURNEP BY LOCAL OFFICIALS FOR ANTIGUA VISTRICT--Continued 

FE I 
/O/_A -RioFER 

- -l - 7-R \r4J1v 

A.. 
l 

c9 
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Ekhibi.t 6-6. SELECTED (ATERIALS AmV VNSTRUCTONS FOR BASE MAP PACKAGE FOR LEVITTWWN 
ll- T' ,. E -, 0,,4 I P

-EI-M41YSO"J E- -TOPOG RA PqlTC ,11jp 

M I I = l 1L ,Ii . .. 

'0C. 
 VIE A 

E-MLAR4 7100C M 

..
:-.....\.,.,. Lev ittown 

.'.!:. .....;".'.':.,. * . .i,*. .. 

o*,* o, **o € - - -,*Iran~ue eA ,l 
 ,,.'.. 
 I 

!.-. ; Plantaje 

.. C A.. I,,,,, 
 I 

Note: The back Lte on the map is put on by the compier to show the area-ta-ti5 to be entaAged and drafted. Masking tape is ordinaiy u ed to out&ine
-Uie atea. 
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3U11~LMJ7TAIY "'OUT~A- AF PO 

I kh Lit 6 6. S l.I Cl IV M71lRIALS MI1) INSTPU~CT IONS ICR NASI MV PAMWEC L'rV1TTOWN- -Cobit~uio8d 

No te TIf w white (Ciizem , t(- 51ILWc tile. a~ea thaItoic pho to 6s pu t oi by theC, 
(o , tt5.s2 *IC to tile, to poc .aj.4hici' to be. o'i fd u3C; (.11 1ltio L' -iom? the uliclemoCR l t i> 

IpU. Ala ski Iq p is~5 oi(niC uIscd to OH ut'1. tile kl ecl1(tlt 
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Exhk>Zt 6-6. SELECTED AATERIALS ANJD INSTRUCTTONS FOR BASE AAP PACKAGE FOR LEVITTOWN--Conf.ted 

SUPPLEMENTARY SOURCE--PLANNING MAP 

NOT 

"I< o 

\<
 

\q/41
 

IGLESIA 
---- PARQUE
 

INSTRUCTIONS TO DRAFTSMAN 

Source: "J'azpa de Zonificaci6n de Toa Baja," 1956. Courtesy of Puerto Rico Plan
ning Board. 
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FORM GEO_122 
FORM GEO-122 . 

(June 1978) 

EA DELINEATION WORKSHEET 

Code 

Area name Barri/ Urban 
vao ple/ Ward 

- Ihamlet 

)(2) (3) (4) 

"ut--l h/ ncel a99 99 

Type 

of 

place 

(5) 

034 

9' 

(a) Province 

)PLEGRO 
(b) District /-A/7-/G U-

(C) Posted by-- -

z ___ 

(d) Verified by--

(e) Total f) Total 
et .in-ted 15 number /
pop lation of EAs 

Date FA map
EA CL Estimated cut out and 
No. No. population prepared 

for field 

6) (8) (9) 

00t 0F0_5 1 0_ _ _ 

, 
-areas 

Sheet / 
Code 

Code 

DateA 

ai 
Date 

(9) Total num
ber of CL 

(10) 

of 

/ 

-

"7 

0 

___o003 0.7- .. 5 _!5() 

(ol0/ 6/.0 = 

007 0-
0o O.09 

0 05 h 0 n s 

/ 

d 
s 

___ 

a ___r e __ine _ _ey 

Note: 
 For illustration purposes, province, district, and barrio/village are the names used for ist, 
2nd, and 3rd order divisions respectively.
 



PAGE 1 
FORM GEO-501 

PROVINCE: ALEGRO 03 

MASTER LIST OF EA'S DISTRICT: ANTIGUA 03 05 

AREA NAME 

(1) 

* 

* 
" 

BARRIO/ 

VILLAGE 

(2) 

* 

CODE 
.... 

URBAN 

PLACE/ " 
HAPILET 

(3) 

**. 

WARD 

(4) 

...... 

* TYPE * 
OF 

*PLACE• 

(5): 

EA 
NO. 

(6) 

* 

* 

* 

* 

CL 
NO. 

(7) 

* 
* 

* 
" 
" 
: 

ESTI- * 
MATED * 

POPU- * 
LATION * 

* 
(8) : 

FIELD 
SPLIT 

(9) 

* 
* 

* 
* 
* 

AREA 
CODE 

CHANGE 

(10) 

* 

* 

* 

* 

NEW 
iDENTI-

FICATION 

NUMBER 

(11) 

* 

* 
* 

COMMENTS 

(12) 

ARIEL BARRIO ....... 

RURAL BALANCE .... 

03 

03 999 99 9 001 01 510 

03 

03 

03 

999 

999 

999 

99 

99 

99 

9 

9 

9 

002 

003 

004 

02 

02 

02 

495 

505 

480 

03 999 99 9 005 01 495 

0303 

03 

03 

03 

999999 

999 

999 

999 

99
99 

99 

99 

99 

9
9 

9 

9 

9 

006 
006 

007 

008 

009 

01 
01 

02 

02 

01 

510 
510 

515 

490 

480 

CUTA BARRIO ........ 

BERI HAMLET ...... 

06 

0c 059 99 4 001 01 565 

TORI HAMLET ...... 

06 

06 

059 

522 

99 

99 

4 

3 

002 

001 

01 

03 

540 

460 

RURAL BALANCE .... 

06 

06 

06 

06 

06 

522 

522 

522 

999 

999 

99 

99 

99 

99 

99 

3 

3 

3 

9 

9 

002 

003 

004 

001 

002 

03 

03 

03 

01 

01 

505 

420 

515 

405 

440 

(Continued) 
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Note: This is the corrected base map divided into EA 's, using the information supplied by the Zoal officials. . 
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Exhib -t7-4. PORTION OF PRELIAIINARY BASE MAP, AIR PHIOTO, AND FINAL EA BASE A(AP FOR LEVI TT(WN- -Con tioued 
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ExhibLt 8-1. PRE-TRAINING TEST OF MAP REAVING SKILLS 

MAP READING 

Read each question carefully and enter your answer in the space provided (or on the map) 

LEGEND 
STr
All 	weather road 

_0

Trail 


LU 
River
 

-- '-- Stream 0
+H----I Brdg0Railroad a 	 0Hos 	 -JJPALM ROAD 

NILE ROAD 	 0 

NHGH STREET
 

zzz	 

FTIGSTREET 


SCA LI I 
100 0 100 200 METERS 

1. 	You are instructed to work in an area shown on the above map. The boundaries of
 
your area are as follows: northern bcundary - Rayco Street
 

eastern boundary - River Road
 
southern boundary - Ting Street
 
western boundary - Route 12
 

a. 	On the map, draw a line down the middle of the streets or roads
 

that form the boundaries of your area .......................... ANSWER (on map)
 

.. ........ ........ ....... .....  
b. 	How many blocks are in your area? ANSWER
 

c. 	There is a house on the southeast corner of River Road and
 
High Street (indicated by N ). Is this house in your
 
work area? ..................................................... ANSWER
 

d. 	On the map, draw arrows (- ) to indicate the direction of
 
travel you would take if you walked by the shortest route from
 
the intersection of Route 8 and Dell Road to the intersection
 
of Route 12 and High Street .................................... ANSWER (on map)
 

2. 	How many bridges are there east of Route 12? ....................... ANSWER
 

3. 	One centimeter on the map represents 100 meters on the ground. If
 
Point A on the map is 3 centimeters from Point B, what is the
 
actual 	(ground) distance from Point A to Point B? .................. ANSWER
 

(meters)
 

4. 	A man on a bicycle rode 60 kilometers in 5 hours. On the average,
 
how many kilomtuters did he ride in 1 hour? ......................... ANSWER
 

(kilometers)
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Outline 


1. Practice training 


a. 	Importance of 


role as trainer 


b. 	Training 

principles 


(1) 	Prepare 


yourself 


(2) Plan your 

presentation 


Appendix 


Exhibit 8-2. PORTION OF GUIDE FOR TRAINING CREW LEADERS 
(h'1,u6o)tct-0j16 to the tnainfet ate in ta&c )
 

Narrative
 

Good morning. 
 I hope all of you are ready for this part of your
 
.raining. Today we are 
going to be concerned with how you train
 
enumerators; 
one 
of your most important supervisory duties is the
 
training of your enumerators. You will use 
the same Guide for
 
Training Enumerators that I used in training you--the one which
 
I gave you to study yesterday when we completed the enumerator
 
training. A little 
later this morning, each of you will have the
 
opportunity to do some 
practice training, using the portion of
 
the Guide which I assigned to you.
 

I can't stress too much the importance of your role 
as trainer.
 
Census work is highly secialized work for which the necessary
 
knowledge and skills must be taught quickly and effectively. Suc
cessful enumeration in your district will depend 
in a 	large measure
 
on a 	successful training session. 
The success of your training
 
session will 
depend on how thoroughly you prepare yourself for
 
training and how effectively you use 
the 	training materials.
 

As you probably know, there are certain basic training principles
which pertain to all 
types of training. 
 Some 	of these are partic

ularly applicable to your training of enume,. tors when you will be
 
using a verbatim Training Guide.
 

M 	 ou be"7inz diisusing each principle, write a brief 
mersionz of ir on the bZacl',board. Foi, the first prin2
cilple, wr~ite: 

The 	first principle is to prepare yourself by knowing your material
 
thoroughly. 
Go over 
the main concepts and procedures for enumera
tion until you understand them fully. 
 Study your Training Guide and
 
practice using it, so that you are completely familiar with 
it.
 
Trainees 
can 	tell 
very quickly when their instructor is not well
 
prepared. 
 Now, 	for the second principle.
 

2. 	 PZan your p'esentation. 

Plan 	your presentatlo, by selhcting key points 
in your Guide for
emphasis and repetit'on. 
 Also write down special explanations or
 

illustrations from ,our own 
dxperience which will help to clarify
 
certain points. Hcire's the third principle.
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*b(.hit R.TION OF GiuPE FO!, 

Outline 

(3) Present topics
in logical

order 


(4) Encourage

trainee
 
participation 


(5) Vary the 


presentation 


Appendix
 

TRAINBl.G CREWL'LEAVIPRS--Ctiiluied 

Narrative
 

I--------

3. 	 Present topics in logical 
order. 

Present topics in logical order by following the exact order of
 
presentation 
in the prepared Guide. 
 The order of topics in your
 
Guide has been carefully planned. Just follow it.
 

.Ezco~a~etraineeparticipation. 

Fourth, make full use of trainee participation through the various
 
ways provided in the Guide. 
These include asking questions, doing
 
practice exercises, having trainees read, and so on. 
 Having
 
trainees participate will help hold their interest and keep them
 
alert. A word of caution about calling on 
trainees--be sure to
 
call on the timid trainees as well as the eager ones who are
 

always volunteering.
 

Wr,:	 e : 
] 

5. Vary the presentation. 

Make full use of any devices which are called for in the Guide to
 
vary the presentation. 
 These include use of the blackboard for
 
emphasis or sketching, use of illustrations, and use of any other
 
visual or dudio-visual 
training materials provided, such as film
strips, recordings, and movies.
 

6. Create interest.
 

ICONiTINUE WITH TRAINING PRINCIPLES I 
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Chapter 2. USING YOUR MAP 

1. Introduction 

NOTE TO TRAINER: Verify that the trainees have their workbooks. 

You learned earlier that you will. be E_.signed a small land area to 
enumerate. This small area is called ai,enumeration area, or EA. 

In census work, canvassing means systematically travel:ng every road 
or street in your EA and finding all ple:es where people live, or 
might live. 

Q: 

A: 

If you are responsible for traveling every 

road or path in your EA, what will you need 
to make sure you have the right area? 

An EA map 

Before we look at a typical EA map, let's take a look at some key
items that will appear on all EA maps. Turn to pages 7 and 8 of 
your workbook. Take a few minutes to study the illustrations. 

r Alow a few minuteS. 

Q: 

A: 

What is the EA number of the map on page 8? 

073 

Q: 

A: 

On page 8, what color is the EA boundary? 

Orange 

2. Boundaries You are to stay inside the orange boundaries. 

you will be going into another EA. 

If you go ouuside, 

Most EA boundaries will follow land features that you can see as you
travel through the EA--a road, a river, or perhaps a railroad track. 
Note also the arrow that points in the direction of north. When you
locate north, then you will know that east ison the right, south on 
the bottom, and west on the left. On the map on page 8, please follow 
the boundaries around the EA. On the north, find the EA boundary,
which is Calicut Road. On the east, you see that it is Highway 3. 

Q: What is the name of the next boundary--on 
the south? 

A: Lima Trail 

Q: 

A: 

And the next boundary--and what dirp,=tion 
is it? 
Rolling River--on the southwest and west 
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TRAINING ENUMERA7ORS--CntituCd
ExlibLt S-3. PORTION OF GUIVE FOR 

For 	example,
3. Map scale Sometimes your bcundary will b( in invisible line. 


the boundary may be the city limits or an imaginary line between
 

two provinces. You could ask people living in the area how far
 

the province extends. Usually residents in the area know which
 

province they live in. But there may be times when you may not
 

find anyone living near the boundary.
 

Q: 	 What could you do in this case?
 

A: 	 Use the scale to measure from some landmark
 

to the boundary as shown on the map.
 

Yes, you can use your map scale to determine when you are close to
 

an invisible boundary line. Let's try using the map scale on page 7
 

to measure the distance to the 	Lacuna Province bcundary going along
 

Iran 	Road from the intersection of Bangkok Highway and Iran Road.
 

'7",at to ' :~ ': 

Place your scale along Iran Road. Make sure that the "zero" point
 

is at the: intersection of Iran Road and Bangkok Highway.
 

Q: 	 At the boundary line, how many meters
 
is ?t?
 

A: 	 125 meters
 

4. 	Pacing If you are walking, you may wonde: how you will know when you have
 

walked 125 meters. One way you can tell is by pacing the distance.
 

Turn to page 97 of your Reference Manual and read section 5.21,
 

which explains how to measure distances )y pacing.
 

I would like to have three of 	you pace the length of this room and
 

we shall show you how to measure your average pace and estimate
 

distance. This room is exactly 12 meters long. In actual practice,
 

you 	would pace for a distance of 100 meters or more.
 

Have three voOunteers pace the ngth of the
 
room three times a, l count the nwri;ber of paces. 
on the bZackboard, show the calculations to 
get average length of pace fop each. 

ICONTINUE WITH CH/APTER 2 
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I. Content of 

training 


2. 	Checking EA's and 

EA boundaries 


a. 	Reasons for 


checking EA's
 

b. 	Checking procedures 


(I) Boundary check 


Appendix 


Exhibit 8-4. 
 PORTION OF CREW LEADER'S REFERENCE 1A-NUAL
 

Chapter 2. PRELIMINARY OPERATIONS 
(Pzrt)
 

You will receive letailed instructions during your training on all 
the
preliminary operations. These operations are covered in this chapter

except for 
the 	recruitment and selection of enumerators, which will be
discussed in charter 3. 
The 	following summary covers the preliminary

operations descr'bed in this chapter:
 

(1) Checking EA's and EA boundaries
 
(2) Prelisting of sample of HU's
(3) Indicating enumerator's starting place ineach EA
 
(4) Splitting of large EA's

(5) Preparation for recruitment, selection, and
 

training of enumerators
 
(6) Checking supplies

(7) 	Preparation of enumerator assignments

(8) Preparation for enumerator training

(9) Preparation for H-T night enumeration 
(for homeless
 

and transient persons)

(10) Preparation for enumeration of Special 
EA's
 
One of your most important duties between 
now 	and the time you train
your enumerators will be 
to 
inspect each enumeration area (EA) that
 
is assigned to you.
 

Several important reasons 
for checking EA's are:
 

(1) To verify that the map of the EA 
is correct and that the map
boundaries and landmarks correspond with the actual physical
features of the area. 
 The 	map should be such that the enumerator can use 
it and find h;s way around his area easily.
Keep in mind that your main objective in checking EA's is to
discover ahead of time the problems the 
enumerator may run
into, and to 
instruct enumerators in advance how to handle
 
possible problem areas.
 

(2) 	To notify the field office of any map discrepancies which must
be officially corrected before the 
start of enumeration.
 

(3) To locate and report any large (over 100 persons) Special
Dwelling Places (institutions, hotels, convents, military
barracks, etc.) which were not made Special 
EA's by the NSO.
 

(4) To estimate the approximate number of housing units 
in each EA
and 	determine whether any are too large for or-
 znumerator and
should be split into 
two 	or more enumerator assignments.
 

(5) To perform other required preliminaiy duties in each EA as

described in this and other chapters of the manual.
 

As you travel 
in and around each EA, mnti't
the 	following checks:
 

Locate each boundary of the EA as 
shown on the maps. If you find that
any physical features of the boundaries have changed, make a sketch
illustrating the boundary changes or write a description of the
differences. 
 Turn 
in the sketch or description, properly identified
by EA number and your name and CL area number, to the field office
 
as soon as possible.
 

Prompt action in informing the NSO of boundary changes 
is necessary

as any official changes in map boundaries must be authorized by the
NSO 	before the enumeration starts. 
 You 	are never to make any

boundary changes unless 
Instructed 
to do so by the NSO.
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Exhibit S-4. PORTIONI OF CREW LEAVER'S REFERENCE MANIIAL--Contijuted 

(a) Imaginary Most EA boundaries will be clearly visible features such as streets,
 
lines 	 roads, rivers, and streams. You may find, however, that some bound

aries are not visible on the ground because they are imaginary lines.
 
For example, a boundary could be a proposed street shown on a map
 
but not yet cut through, or the boundary of an administrative divi
sion such as a district or barrio.
 

Imaginary boundaries may cause problems for enumerators, so make
 
notations about 	nearby landmarks (telephone poles, schools or other
 
buildings, etc.) which will help the enumerator identify and locate
 
the imaginary boundary. Later on you should enter these notes on
 
the cover of the EA book or nke a sketch of the area which will help
 
the enumerator during enumeration. Be sure to explain the situation
 
to the enumerator when 'ou make the assignment.
 

(b) Changes in Check carefully for street name changes, new streets and roads, or
 
street names other changes in physical characteristics as you travel through an
 
or new tA. If you determine that such changes have occurred, correct your
 
streets map and later make the same corrections on the EA map. At an early
 

opportunity you should also report such changes to the field office
 
so that office maps can be brought up-to-date. Use an "X" to show
 
deletion of features.
 

I 	 2 

z TALU ROAD 

The example shows the addition of a new highway and bridge and the
 
deletion of a school building that no longer exists. All such map
 
corrections should be explained to the enumerator assigned to that
 
EA.
 

(c) Unidentified Although the NSO made every effort during the map preparation period
 
hamlets or to identify all settlements of 500 or more population (75 to 100
 
urban places housing units) on the census maps, it is possible that a few may
 

have been missed. This probably will not happen often, but you
 
should be alert to the possibilty.
 

In case you find any unidentified hamlets or urban places, draw the
 
approximate boundaries of the settlement on your maps and print the
 
name of the settlement as near the boundary as possible. Report any
 
additional hamlets or urban places you find to the field office as
 
soon as possible. Then follow the instructions below in making such
 
places separate EA's; be sure to identify these additional hamlets
 
and urban places on the enumerator's map.
 

(d) Map out-of- In checking an EA you may discover that a map is completely out-of

date date bec-" so many changes have occurred since the map was made.
 
In such cases try to obtain several copies of an up-to-date map from
 
some local government official--for the enumerator, yourself, and the
 
field office. Draw the EA boundaries on the new maps but give the
 
enumerator the original map to use as well as the new ore. Be sure
 
to get both maps back from the enumerator: If you are unable to
 
obtain up-to-date maps, draw a crude sketch showing the changes in
 
the EA; provide one for the enumerator and another for the field
 
office.
 

ICONTINUEWITHINSTRUCTIONS ON PRELISTINGI
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ExhLbZt 8-5. PORTION OF ENUMERATOR'S REFERENCE MANUAL 

Chapter 3. CANVASSING AND LISTING 
(Part)
 

6. Canvassing your EA 


a. 	General canvassing 

and listing rules 


(1) Start at desig-

nated starting 

point 


(2) 	List housing 

units/collective 

qua-ters in 

order 


(3) Show path of 

travel by direc-

tional arrows 


(4) 	Canvass each 

floor separately 

in multi-unit 

structures 


(5) 	Look for out-of-

the-way housing 

units 


(6) 	Be aiert for all 

types of collec-

tive quarters 


b. 	Rules for canvassing 

specific types of 

areas 


(1) Urban areas and 

hamlets with 

blocks 


Canvassing your EA means covering it systematically--searching every

block, street, road, 
or lane for a'l places where people live or
could live. A complete and systematic canvass of your EA 
is essential
to make certain that you locate every housing unit in your EA. 
 As you
canvass, you will, of course, list and enumerate each housing unit you
find. 
 In fact, canvassing and listing are combined operations.
 

Certain canvassing and listing rules have general applications to all
 types of areas 
and 	must be carefully followed by all enumerators.
 

Always begin your canvass of the EA at 
the 	starting point designated

by your crew leader. He will mark "X" or "Start" on your map at 
the
point he selected and he will also indicate the direction of travel
from 	that point with directional arrows (--+ ). 
He may not plan the
entire route, however. From the starting point, you will 
plan a
 
systematic canvassing route through the rest of the EA.
 

As you canvass, you must 
list each housing unit or collective quarters

in order as you come to it,whether or not anyone is at home, and
whether the unit is occupied or vacant. Of course, you will 
have 	to
make 	inquiries at nearby units 
to find out 
the 	best time to call back
 
or 
any 	other available information about not-at-home and vacant units.
 

As you canvass 
your EA, enter directional arrows (--+ ) on the map toshow your path of travel. Also when you have completely covered a
block or a road, enter a checkmark (Y" ) on your map to show that this
portion of the EA is complete. These devices are 
very useful to help
you make certain you have canvassed all of your EA.
 

In multi-unit structures with housing units on more 
than 	one floor,

canvass and list each floor separately, beginning with the basement.
Numbered apartments should be 
listed in numerical order; unnumbered
apartments should be 
listed by location, proceeding from front to back

and/or right to 
left, according to the arrangement of the apartments;

for examplc: basement, rear; 
first floor, right front; second floor,

left rear; etc.
 

Look 	for housing units (apartments and housekeeping rooms) above or in
the 
rear of stores, garages, other places of busints, partially built
or abandoned buildings, improvised living quarters, and houses hidden
 
from the road.
 

To help you locate out-of-the-way or hidden housing units you should
be on the look-out for various clues: 
 for 	example, mailboxes, lead-in
 
electrical wires, milk 
cans 	or produce crates stacked near 
the road,
 
outside stairways, etc.
 

Be alert as you canvass for all 
the 	varioils types of collective quar
ters--institutions, convents, hotels, boaroing and lodging houses,

etc., that were not designated as special EA's.
 

There are 
specific canvassing rules to follow depending on whether you
are assigned to an urban or rural 
EA, and also specific instructions
for canvassing certain types of structures. Follow the instructions
 
below which are applicable to your particular EA.
 

If you are assigned an urban EA which is divided into blocks or squares

(areas bounded on all sides by streets), canvass one block or square
at a 	time. Do not 
go back and forth across streets. Begin each block
 
at a convenient corner 
(usually the northwest corner) and proceed
clockwise around the block until you reach your starting point. 
As
 you 	canvass In a clockwise direction, you should list and enumerate
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ExlLibit 8-5. PORTION OF ENUMERATOR'S REFERENCE MANUAL--Ctntiiued 

(2) 	Urban places or 

hamlets without 

blocks 


(3) 	Rural areas 


the housing units on your right. Check every alley, court, or
 
passageway you come to in the block. You must canvass not only
 
around but through the entire block to find all housing units,
 
before going on to the next block.
 

As you canvass through your EA, remember to check ( v ) off each
 
completed block on your map. Also remember to enter directional 
arrows (--. ) on your map to show your path of travel through each 
block in the EA, as illustrated below:
 

START 

.> SECOND AVENUE 

I-	 0 

< KOA COURT 	 CLE 

--- -THIRD AVENUE -

If your EA is an urban place or hamlet that is not laid out in blocks,
 
you will have to canvass street by street and road by road, looking
 
for all housing units where people live or could live. In such areas,
 
you chould interrupt the canvassing of a main street or road to turn
 
off and canvass any side strects as you come to them. You might miss
 
some 	of the side streets if you wait until later to come back.
 

If you have been assigned a rural EA, you will have to canvass road
 
by road. Generally, you should cover both sides of a road as you go,
 
except for EA boundary roads where, of course, you will canvass only
 
the side that is in your EA.
 

Although you will begin canvassing at the starting point and in the
 
direction indicated by your crew leader on your map, you should study
 
your map carefully before starting out and make a preliminary plan for
 
your path of travel. This will help you make sure you cover every
 
part of the EA. Occasionally you may find it convenient to go com
pletely around small built-up sections, just as you would in block
type 	urban EA's.
 

Your objective is to canvass every road in your EA. You should turn
 
off from main roads to canvass every side road, path, lane, and trail
 
as you come to them, as such roads may lead you to places where people
 
live. The directional arrows you enter on your map to show your path
 
of travel should clearly indicate where you turn off from a main road
 
to canvass a side road before completing the canvass of the main road.
 

In rural areas there are many houses which cannot be seen from the
 
road, and there may be no visible clues to indicate their location.
 
Therefore in rural areas make it a practice to always ask at each
 
housing unit about neighbors, and find out exactly where they live.
 
Ask the respondent to point out on your map the approximate locations
 
of his closest neighbors. Some rural maps will show the location of
 
housing units, and other buildings such as schools and churches,
 
which serve as landmarks. Obtaining information from the local
 
residents will help you ensure complete coverage of your EA.
 

ICONTINUE WITHINSTRUCTIONS ON CANVASSINGI 



-- 
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E£Jibit 8-6. 
 PORTION OF FILMSTRIP AND SCRIPT ON CANVASSING PROCEDURES
 
(Eight fOames m'e -shoin IeAe to jttwt~tate fo4mat and content) 

6. 	Every EA has an identification code. 
 The one shown here
 
is the EA number without administrative area codes.
7' 	 TheEA you see is EA 22.
7W 	 Note that the blocks are numbered
also. 
 The EA boundaries are outlined with a heavy solid
 
line, usually in orange or some other bright color. 
Your
crew leader has indicated the starting point in the north
western part of the 
EA. You should return to 
the starting

point of one block before going to the next.
 

7. 	Tne EA boundary I'e is like a fence around your own

private territr 
 Work inside It. 
If you enumerate
 
outside the 
 ,e, yol, will be entering some other
 
enumerator'- ritory.
 

l4. 
 As you work, turn your map so that the street or road
 
on the map 
is lined up with the ground and pointing in

the 	same direction 
as you are heading. Line up your
map this way as you travel around each part of the EA.

As you walk clockwise around the blocks 
or sections,

the houses you are to enumerate will always be 
on your

right.
 

15. 
 any 	corrections necessary to bring your map up-to-date.
 
Maps become outdated rather quickly. You should make
 

If you find new streets, roads, trails, or paths, draw
 
them in. In this example, a new street named "Grant
Court" has been added. r&elcte any that no longer exist
by crossing them out. 
 In this example, a street 
In the

southwestern part of the EA was 
crossed out.
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Exl.ibt 8-6. PORTION OF FILMASTRIP ANV SCRIPT ON CANVASSING PROCEPURES--Continued 

S19. 

1 
Another useful feature of maps is a scale. Scales can 

orepresent miles or kilometers. The part of the scale to 
the left of the zero mark is usually divided into parts 
of a mile or parts of a kilometer, such as fourths or 
tenths. The scale can help you find the distance between 
two visible points or locate an invisible boundary In 
relationship to a visible landmark. 

20. 	 Suppose you want to find the invisible boundary al. Point
 
A. First mark the distance from the nearest crossroad
 

B to Point A on a piece of paper. Then measure the dis
tance you marked against your map scale to get the ground
 
distance. In this instance, the distance is 2k miles.
 
Point A can be located quite closely by driving down the
 
road from Point B, using your ca or bicycle odometer to
 

measure the 2 miles. However, y, still should verify
 
the location of the boundary by a',.kir,
the residents.
 

23. 	 In urban areas you should enumerate completely around
 
one block before starting the next. Do not go back and
 
forth across a street.
 

29. 	 In rural areas, canvass your EA In an orderly manner.
 
One way il to divide it into parts--something like blocks
 
in a city. Another is to divide It into subareas. How
ever, it is not always possible to find trails or paths
 
to do that. In that case, you can canvass by road sec

tions. Starting in trc northwest corner of the EA, note
 
the sections numbered 1, 2, 3, and so on and the arrows
 
pointing to 4, 5, and 6, When you list the HU's, be sure
 
to include the section number In the address. One more
 
point--be sure to ask about houses back from the road
 
even if you do not see paths or trails leading to them.
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GLOSSARY
 

A 
ADMINISTRATIVE AREA: 
 Area (or division) of a country


delineated by the government for purposes of ad-

ministration. 
 Administrative divisions may be
large, intermediate, or small in size and 
are
referred 
to as 
ist order (such as provinces), 

2nd order (such as districts), and 3rd order
(such as 
villages or barrios). 
 Some countries 

have more than three divisions. Urban areas may
be 2nd, 3rd, or 4th order divisions, 


ADMINISTRATIVE AREA R.AP INDEX: An inset map in outline form showing a shaded area and a number of
adjoining administrative areas. 
 The shaded area
is 
the particular administrative area that is 

covered by the detailed map.
 

AERIAL 
 Form of imagery that records
reflected 
light energy on light-sensitive film 

through a camera-lens system. 
Photos are
usually taken from an airplane or helicopter. 


AGGLOM.fERATIOI: See etZez ent. 


AIR PHOTO: See arerial rhotorrao;y. 

AIR PHOTO INDEX: Sheet(s) identifying air photos and
showing coverage of an area; used to locate air
photos; may 
serve as a crude mosaic. 


AIR PHOTO t.,MSAIC: Composite of air photos to produce 

coverage of a large area. 


AREA IDENTIFICATION MIP: 
 Map which shows the names 

and boundaries of 
an administrative or statis-

tical area 
for which data 
are published.
 

AREA SAA51LE: 
 Sample in which the selected sites are 

defined land areas with identifiable boundaries, 


AUTOATEP CARTOGRAPHY: Production of maps using such
equipment as computers, automatic drafting equip-

ment, or microfilm systems.
 

AZIMUTH: Direction of a line
usually measured by moans 
on 
of 

the Earth's surface, 

a compass. 
 Start-


ing with north as 
00, the system moves in a
clockwise direction through 3600 and returns to 

north at 
0' (or 3600).
 

B 
BACKSIGHT: Reading at 
the end of a traverse leg to 


determine the accuracy of a compass reading
which was taken at the beginning of the traverseleg. The compass reading at the end of the leg

should differ from the reading at the start of 

the leg by 1800.
 

9ACKTRACKING: 
 During field enumeration, going back 

over 
the same roads or streets. 


BAR GRAPH: 
 Graph on which values are shown by means
 
of vertical or horizontal bars. 
 The lengths of
the bars are proportional to the size of the
 
value represented.
 

BASE MA4P: 
 Map to be used in the delineation of EA's;
may be used as 
the base for publication maps.
 

BASE MAP PACKAGE: 
Assembled materials consisting of
primary source map, reference maps, air photos,
and instructions, which are sent to 
the draftinE
 
unit for preparation of base maps.
 

BEARING: 
 Compass reading using cardinal points North
East, South, and West 
to establish direction. Fo
example, N.30*W. corresponds to 
330' azimuth.
 

BLOCK: Small geographic area; 
can be used as a statistical area. 
It is usually bounded by streets
 
or natural features.
 

BOUNDARY: 
 Line which serves to delimit an adminis

trative division, statistical area, EA, etc.
 
BOUNDARY FILE PROCESSING: Conversion of digital description of area boundaries into graphic images.
 

CADASTRAL A14P: 
 Map which shows property lines and
 

ownership.
 

CANVASS: 
 Systematic enumeration of an EA or other
area.
 

CARTOGRAPHER: 
 Person who constructs maps.
 

CARTOGRAPHY: 
 Science, technique, and art of map

making.
CATHODE RAY TUBE (CRT): 
 Screen (similar to a tele
vision screen) on which information from a coniputer can be displayed.
 

CENSUS AREA IDENTIFICATION MAP: 
 Publication map
showing boundaries and names or numbers of ad
ministrative di ions. 

CENSUS SECTOR: See census tract. 

CENSUS TRACTS: Small statistical areas 
into which
large cities and their surrounding areas are
divided for statistical purposes; called
"sectors" in some countries.
 

CHOROPLETH M.1AP:Shaded map 
that presents several

classes of statistical data for an adminis
trative or statistical area.
 

CLASS INTERVAL: 
 Group in which statistical data are
classified; for example, 0 to 9, 10 to 14, 
15 to
 
19, 20 to 29, etc.
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CLOSED TRAVERSE: See traverse. 

COLLECTIVE QUARTERS: See S~rcciai .eZZ nl PZace. 


COTASS BEA ING: See beai g. 

COMPILING: Selecting source materials and preparing 

instructions for constructing base maps. 

COkTOSITE NFGATIVE: Several negatives combined into 
one for ease of making a plate for printing; 
usually accomplished by using positive acting 
duplicating film. 

COqMPUTES OUTPT ON ICROi.- (CO'): Use of a light 
beam to plot lines or dots on microfilm. 


ic,.~'!ATTY11II: Characteristic of certain types of map 
projections showing true shapes of areas on the 
Earth's surface (not true size). 

CONTINUIN'GSUE5": Survey conducted over time (an-

nuallv, semi-annually, quarterly, monthly),
 
primarily to produce current data and estimates 

of change. Continuing surveys usually cover 

the same core items each time the survey is 
conducted. 


!',: ' SXE: Smooth and continuous transition 
from shades of black to gray to white, as on an 
ordinary photograph. 

CONTOU: Line on a topographic map in which each 

point has the same elevation above sea level 

or some other base level.
 

CONTOUR INTERVAL: Difference in elevation between 

successive contour lines, 


COVERAGE ERROR: Error in an estimate that results
 
from (a) failure to include in a census or a 

survey all eligible units or (b) inc.usior, of 

some units erroneously, 


CREW Li.DER (CL): Supervisor in charge of a small 

group of enumerators.
 

CROSSHATCHING: Parallel-line pattern drawn over a 
specific area if a map. It is used to indicate 
a statistical value or to differentiate one 
area from another. 

CULTURAL FEATIRES: Man-made features of the land- 

scape.
 

D 


DELIMIT: Establish boundasuces for a certain area, 

such as an EA. 


DELINEATION: Process of dividing an area into EA's,
 
statistical areas, etc. 


DIAZO PROCESS: Type of reproduction, involving a di-

rect contact positive, light, and ammonia fumes. 


DIGITIZE: Convert location of map features into
 
numerical values for automated cartography. 


DIMENSIONAL STABILITY: Degree to which a material
 
remains the same size or does not expand or con-

tract more in one direction than in another, 


DIVIDED CIRCLE: See pie chart.
 

DIVIDES: Watersheds which separate drainage areas.
 
The term is sometimes used to refer to ridge
 
lines.
 

DOT I-DIP: See point ymbol map. 

E 
EARTH GRID SYSTEM: Imaginary east-west and north

south lines (latitude and longitude) which 
cover the Earth and which are used to locate 
features on the Earth's surface.
 

EDGING: Method of protecting the edges of a map by 
applying drafting or masking tape on the under
 
side so that the map will not tear easily.
 

SPECTRUM (E;t): Range of radiation, 
including visible to invisible wavelength bands, 
recorded by sensors in remote sensing imagery. 

(V:EO)O-,AGETIC 

ELEt'.-II.': Height above sea level or other base 
level. 

F.""ILST70,,': Light-sensitive coating on the surface of 
paper, film, etc., to reproduce an image. 

ELCLA E: Portion of an administrative area enclosed 
within another administrative area. 

:.G.,VER (SORIRS'P): Tool for scribing; Iso a person 
who uses a graver. 

.7;UWPATION; AREA (EA): Area to be covered by one 
enumerator; must have identifiable boundaries
 
and lie wholly within an administrative or
 
statistical area.
 

EQUAL AREA (EQUIVALENT) PROJECTION: Map projection 
in which area size is not distorted. A map 
reader can compare the sizes of areas. 

E -UIPLE.C:See eq,Z1 nm, o, 

ER U CLGCURR: Cap or opening between the begin

ning and ending points of a closed traverse 
when a sketch map is plotted.
 

.iiI"G: Removing part of the surface coat by cut
ting or by dissolving with acid, alcohol, 
ammonia, or other solution. 

EXCLIAV.': Portion of an administrative area which is
 

physically separated from the body of the area.
 

D b oTE.fo'DEr Imaginary line which connects vis-
LINE: 

ible features and which is used as part of an
 
EA boundary.
 

F 

FIELD SPLIT: Division of a large EA into two or
 
more work assignments by field staff. See

also aplit RA.
 

FLOW MAP: Map showing movement of people or com
modities.
 

FOCAL LENGTI: Distance from the focal center of the
 
lens of a camera to the film.
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FUNCTIONAL INTEGRATION PRINCIPLE: 
 Concept that in
volves the way in which a statistical area may

be defined. The area comprises a nucleus and 

surrounding areas that are integrated through 

communic,. ion or movement, 


GBF: Geographic Base File. 

GENERALIZATION: Simplification of features on 
a map 


so that less detail Is shown. Thi.3 Is often 

done to make maps eaiier to read. 


GEO-CODE: See geographic coding. 


GEOGRAPHER: 
 Person concerned with land features, 

population distribution , spatial or locational
aspets f phsicl
(nturl)ad c1turl (an-with 

aspects of physical (natural) and c-iltural (man-

made) phenomena, and the processes Chat result
in these distributions, 

GEOGRAPHIC BASE FTLE: 
 Reference tape of geographic 

codes. The tape is used for automated address 

coding, matching of data from different files,
and data aalys is. 

GEOGRAPHIC CODING: System by which each area used 

for census and survey purposes is assigned a 

unique number. 


GEOGRAPHIC COORDINATE: Location on the Earth's sur-

face expressed in terms of a grid, usually 

latitude and longitude. 


GEOLOGIC AMP: 
 Map showing the materials and struc-

ture of the Earth's crust. 


GRADUATED CIRCLES: 
 Circles of varying sizes used to 

represent statistical values (or class intervals 


GRAPHIC SCALE: 
 Type of map scale which shows ground

distance by means of a bar or 
line divided into 

units of measure such as kilometers, miles, 


GRAVER (ENGRAVER): Tool for scribing.
 

GRID: See locationzl grid.
 

GROUND TRUTH: Information used to verify interpreta-

tion of air photos or satellite images, obtained 

by on-the-ground inspection or 
inspection of

larger-scale or more detailed photography. Groun( 

truth is usually 'obtained on a sample basis.
 

HACHURES: Short lines oi, maps used to 
indicate slope;
not commonly used on modern maps. 


HALFTONE: A photographic screen of closely spaced 

dots or lines that converts continuous tone to 

varying sized dots or line widthe; necessary
for the reproduction of continuous 
tone material 

through a printing process. 


YAMLET: Rural population settlement.
 

7OMOCFNEITY PRINCIPLE: 
 Concept involving the way in 

uhich a statistical area may be delineated. 

Arias vith similar characteristics are grouped 

together. 
See also 8trctification. 


IDENTIFICATION A'?: 
 Map showing boundaries and the
 
names or other identification of areas for which
 
statistics are published.
 

IMAGE MOSAIC: Composite of satellite images or air
 
photos to show coverage of an area.
 

IAGERY: Any portrayal of the Earth made by recording light or other forms of energy radiated or
 

reflected by the Earth. It is usually recorded
 
by equipment aboard aircraft or satellites.
 

INDEX MAP: Outline map showing areas 
covered by
larger-scale individial maps or air photos.
 
INFRARED: Portion of the electra-magnetic spectrum


with o rion eo nth s ree g n t eos
longer wavelengths of energy than 
those 
tha-t are seen by the naked eye. 
 Color infrared
ooor
t a ph ym ake d eye. infrared
photography makes parts of the infrared spectrumvisible of film. 
 In the printing 
process,
 
colors are changed; for example, green vegeta
tion is shown as red.
 

INS2T MP: Usually a larger-scale detailed map forI S T .P s al ag r s a ed t i 
e a o
part of an area; placed in a corner of the map.
 
INTERMITTET STREAM: Stream which flows part of the
 
tme.
 
time.
 

INTERVIEWER: Person who collects information from a
 
respondent; term interchangeable with "Fnumer
ator."
 

INVENTORY CARD: 
 Card listing the information about
 
the maps or air photos available for census or
 
survey areas.
 

ISOLINE MP: 
Map using a series of lines to connect
 
points of equal value.
 

ISOPLETH MAP: Type of isoline map; shows the distri
bution of statistical data (ratios or percentages)

by a series of lines, each of which connects
 
points of equal value.
 

K]EADED ERASER: 
 Eraser made of synthetic rubber or
 
plastic that can be pressed or molded into any
 
shape.
 

[ 

LAND COVER: Entire collection of features that cover
 
the surface of the Earth.
 

LANDSAT: Unmanned satellite(s) orbting the Earth on 

a polar orbit, designed to record all the features
 
of the Earth on a continuing basis.
 

LARGE-SCALE MAP: 
 Map which covers a comparatively
 
small land area with great detail. An EA map
 
is an example of a large-scale map.
 

LAYER TINTING: Technique which shows elevation zones
by use of different colors. For example, eleva
tions between 0 and 1,000 meters might be colored
 
green and those between 1,000 and 2,000 meters
 
might be colored brown.
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LEG: Part of an open or closed trave rse between two 

points at which measurements are taken. Both 

points must be within sight of each other, so
 
that compass readings can be taken in both di-

rections. 


LEGE,'D: List of map symbols and their meanings. The 
type of projection, dates of compilation and pub-
lication, and authorship also are often included.
 

LFEF"F.,7FESS: See t ,.:'::. 

L-,7E ;.:Ak: Diagram on grid paper showing a line zon
necting a series of points that represent values. 

LL-'WL: Width or thickness of lines on aWTi: 	 map. 

2
L?., 	$' ' Sample of units selected from a list. 
such as a list of villages, a list of households, 
a list of agricultural holdings, etc. Previous 
ce.aiuses may' provide such a list which can be 
updated; or a list can be compiled through a 
listing operation, 


LIST'.'O: Recording each unit (housing unit, agricul-

tural holding, establishment) in a sample seg
ment. Listing is usually conducted at the same
 
time 	as sample units are enumerated.
 

hethd oinwhih iagesot;prntig te 
is transferred (offset) from the press plate
 
onto a rubber cylinder and from the rubber to 

the paper. 


LO.4TID.,IT 7~i: Vertical and horizontal lines used 

to idenify or locate features on a map quickly 

anO ea,ily. The grid divides the area into squares or rectangles. 


M 
MANNED SATELLITE: Space vehicle orbiting the Eatth, 

carrying human beings (for example, Skylab). 

MANUSCRI"PT ,"AF: Map on which the original map work 
is done. 

,.MP AC0QUISITIONV: Task which involves the collecting 
of map materials from varirus government agen-
cies and other sources. 

AM4P DISTORTIO!,': Inaccuracies on a map resulting from
 
the fact that features on the curved surface of 

the Earth cannot be reproduced exactly on a flat
 
surface or map. 


MAP ORIEVTATION: Aligning the features on the map 
with the same feat,,res on the ground, thereby 
positioning the map and establishing location, 

1.!1P PROJECTION: Transformation of the spherical sur-
face of the Earth to a flat surface (plane). 

M4P SCALE: Relationship of the distance between fea-
tures on a map and the actual distance between 
the same features on the ground. 

MAP SKETCHING: Using a compass for measuring direc-
tion, and pacing or using a tape, odometer, 

chain, or wheel foe measuring distance. See 

also traverse, 


D.RG1.ALI.4: Information which appears along the
 
margins of a map (legend, date, north arrow).
 

MESIFITANS (LOVGITUDE): Imaginary north-south lines
 
on the Earth from which east-west distance
 
(longitude) can be measured in degrees.
 

,A,'>A: See ari photo r,'?oai or -%7ao ,7€o:o . 

' 'LTI-SPEC?.L SE,,UG (,:'S): System ior simulta
neously sensing the same ground area in dif
ferent parts of the electro-magnetic spectrum.
 

N9LX-STAJF SA'2.L',: A procedure in which the ele
mentary (or listing) units are selected through

two or more stages of sample selection. For ex

ample, to select a sample of housing units in a 
country that is administratively divided into 
provinces, districts, and barrios, one can first 
select a sample of districts within provinces 
(first stage), then select a sample of barrios 
within selected districts (second stage), and 
finally select a sample of housing units within 
selected barrios (third stage). The housing
 
unit would be the final sampling unit.
 

.oopii iwc IT?:h gDIPoint directly below the camera or sen
approximately center of photo or image.
 

... , FX: Alphabetical list of areas,
 
places, and surface features, and a key which
 

can be used to locate them on a map; also known
 
as a gazetteer.
 

7E-AT7VE: Image in which color or tones are re;E.?'E mg nwihclro oe r e

versed so that light objects appear dark and
 

dark objects appear light.
 

,'EGA [EYE .2'TPINVG: Revising or changing negatives 
by cutting and taping in other negatives. 

[-: 	 Point of a pen.
 

0
 

OBLIQUE PHOTOGRAPHY: Air photo taken with the camera
 
pointed dounward at an angle which is not ver
tical, much as a passenger might take a picture
 

from a window of a plane.
 

OFFSET: Sze Zithog-raypj.
 

OFFSET LINE: Imaginary line connecting two visible
 
features and running parallel to a linear fea
ture, such as a railroad. It can be used as an
 
EA boundary line if no visible feature is avail
able.
 

OPAQUE: Quality of blocking light. Light rays will
 
not pass through to expose the sensitized sur
face of film, plates, or other light-sensitive
 
materials.
 

OPEN 	TRAVERSE: See traverse.
 

OPEN WINDOW NEGATIVE: Film which indicates the areas 
to be printed in a particular color or shade by 
removal of an opaque coating in the areas to be 
printed. 
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ORTHOPHOTOAP: 
 Map that is a composite of several air 

photos with additional information superimposed, 


OUTLINE BASE AMP: 
 See identification map. 

OVERLAP: 
Parts of air photos or maps which are also 

shown on adjoining phc tos 
or maps. 


OVERLAY: Transparent material which shows certain 

features, colors, and other detail, and which is
placed in its correct position (or registration) 

on top of another map. 


PACING: Counting steps to 
measure distance. Two 

steps equal one stride. 


PANTOGRAPH: Instrument used to manually reproduce amap at different scale (sometimes at same 
scale). 


PAPERi STRilP IIE?'HOD: Method of measuring distance on 
a map using a graphic scale and paper, 

PA.A[LE. LU.Z2 M:'2!!f0p: Technique for measuring area 
on a map.
 

PARJ4LLEL2 (L.AT[TUD)E): Imaginary east-west 
 lines on 
the Earth from which north-south distances (lati-
tude) can be measured in degrees. 

FERE.'i7AL 7STREA,V: Stream which flows all the tine. 

PERIPHERY: 
 Territory beyond the boundaries of an 

area. 
 It is important that EA maps show per-

pheral area, so 
that the enumerator can readily

locate the EA. 


PIOTO INDEX: See air photo index. 

PHOTO-ENGRAVING: Method of producing the printingplate for letterpress reproduction. The sensi-

tLized 
surface of the plate is exposed through a
negative, and 
the unexposed emulsion is washed 

away. The unprotected suiface, or cleared area,

Is then etched with acid. 


PICTOGRAPH: Graph showing pictures resembling people 
or commodities; usually reflect statistical
values. 

PIO2'Olp: 
 ,M'ap showing pictures resembling peopleconmodities; ormay not reflect statistical values. 


PI' Clblh.'Th: Circle that is divided to show the pro-
portion of the total contained in each categu-v;used on publication maps and charts. 

PTN EGISTRApz(.?: Method used to assure proper align-
ment of base maps and overlays by means of pins
inserted in precisely punched holes, 

PLANrM ?,.?: Instrument for measuring area by tracing
the perimeter. 

PLANMY'ETRIC Ml': Mip showing locations on the Earth's
surface without reference to elevation, 

POINT SYMBO0L 41P: Map on which point symbols are usedto 
represent values such as population size, crop

production, etc. 


POLAR PLANIMETER: 
 Precision instrument that is used
 
to measure areas on a map; operates around a
 
single pole (or pin). 
 It is the most commonly

used planimeter. 

PRELISTING: 
 Listing operation conducted prior to
 
enumeration. 
Each unit (housing unit, house
hold, agricultural holding, establishment)
is listed by address or other identification
 
to 
(a) provide a sampling frame for surveys or

(b) provide an estiaite of the number of units
 
in an area.
 

PRIMaRY SAMPLING UNIT (PSU): Units that make up the
sampling frame for the first stage of a multi
stage sample.
 

PROPORTIONAL CIRCLE: 
 See graduated circle.
 

Q
 
QUADRANGLE INDEX MAP: An outline map with grid lines


indicating which parts of the area are shown on
 
individual sheets; also contains identification
(name or number) of each map sheet being indexed. 

QUADRANGLE AMP: Map which shows the part of the
Earth's surface 
 that is contained in one quad
rangle (rectangle) of a grid.
 

QUICK COUNT: Process of dividing an EA or other area
into sectors with identifiable boundaries and 
estimating the number of units 
(housing units,
agricultural holdings, establishments, etc.) 
in

each sector. 
Quick count differs from listing

in that an estimate of units is made by observa
tion rather than by recording (listing) each unit
 

separately. 

R 
RADAR: Device for determining distance and charac

teristics of various objects through the use of

high frequency radio waves. 
Airborne radar such
 as SLAR (side-looking airborne radar) can be used
to produce photos, from which maps can be made. 

RATIO: See representative fraction. 

RECEIVING STATION" Location on Earth where satellite
 
image data are received.
 

RELIEF: Difference in elevation within an area.
 

RELIEF SHADING: See shading. 

REMOTE SENSING: Collection of information through
thne 
use of instruments (such as cameras and
scanners) which are sensitive to electro-magnetic 
energy reflected or radiated from man-made and 
natural features. 

REPRESENTATIVE FRACTION (RF): Map scale expressed as 
a fraction. It shows the relationship of the 
distance between two points on
distance between the map and thethe same two points on the
ground. 
A fraction may also be expressed as a
 
ratio.
 

RURAL PLACE: Settlement that does not qualify as an
 
urban place.
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SATELLITE IMAGERY: See imagery. 

SCALE: Relationship of distances on maps or air
 
photos to real world distances. 


SCANNER: Instrument used in a satellite which senses 

the amount of energy being reflected or radiated 

from a series of points on the Earth's surface.
 

SCREE; TINTS: Film containing a specific pattern of 


lines or dots interposed between a negative and
 
a sensitized surface to produce a pattern. Tints 

with closely spaced dots or lines produce the 

illusion of solid gray. 


SCRIRING: Technique which permits the map maker to 
produce a negative on coated polyester film. 
The draftsman obtains the desired lines by re-

moving the coating from the plastic film. 


SECTORS: Small, permanently established, geographic 
areas into which cities and their environs are 
divided for statistical purposes; called census 
tracts in some countries. Sectors may also be 
subareas for which estimates of housing units 
are obtained in the quick count operation. See 
also :o::. 

SEGE.'.ENT: Division of a sector into smaller groups 

of units; may also be an entire sector.
 

SERPENTINE 5N2! : Numbering of areas on a map by 
going back and forth, or up and dcjn, across 

the map. 


SETLE.N: Cluster of housing units. Commercial 

and industrial buildings, churches, schools, and 

other structures may also be included, 


SHADING: Cartographic technique that produces a 3- 

dimensional effect on a map through the use of
 
various light and dark tones. Such shading is 

particularly effective in showing areas with 

steep slopes, 


SHELF LIFE: Period of time sensitized material can 
be safely stored without deteriorating, 

SIDE-LOO.KING AIRBORNE RADAR (SLAR): See radar. 

SKETCH .M4P: Hand-drawn map of an area. See also mr 
8setch ing. 

SKETCHING: See -p sketching.
 

SKYLAB: Manned satellite orbited in the 1970's de-

signed to carry out a number of experiments, 

including gathering information about the Earth's 

surface.
 

SLASH/BURN AGRICULTURE: Type of nomadic farming in 
which forested areas are cleared and cultivated 

and then abandoned after the soil fertility de-

clines. A new area is then cleared for crops. 


SMALL-SCALE AMP: Map that shows fairly large areas 

greatly reduced in size. 


SOFTWARE: Programs written to perform specific func
tions on computers. They are necessary to acti

vate the hardware (computer, printer, plotter,
 
etc.).
 

SPECIAL DWELLING PLACE: Collectiv. living quarters 
including such places as orphanages, workers'
 

camps, dormitories, army barracks, monasteries,
 
hospitals, homes for the aged, and prisons.
 

SPECIAL EA: EA containing a Large Special Dwelling
 
Place.
 

SPLIT EA: Large EA that has been divided to create
 
more manageabl! workloads for two or more enu
merators.
 

STARLE-BASE PLASTIC: Plastic film which will not
 
change in dimension. It will remain the same
 
length and width as it ages or as temperature
 
and humidity change.
 

STATISTICAL AREA: Area defined by the statistical
 
office, generally using criteria relating to
 
social and economic characteristics; differs
 
from an administrative area whose boundaries
 
are defined for administrative purposes.
 

S:i:NSTEREOSCOPE: Instrument used to view stereoscopic 
pairs of photos of the same area to give a 3
dimensional view of the area.
 

.,TEREOSCFTC PiiR (STEREOPAIR): Two al: photos of
 
the same ground area taken from different cam
era positions. A stereoscope can be used to ob
tain a 3-dimensional view of the area involved.
 

STCK-ON LETTERS: Letters printed on material with 
an adhesive backing. The letters are cut out 
and applied to maps. 

STRATA: See rtratication. 

STRATIFICATION: Classification of units (adminis
trative divisions or other areas) into strata
 
or groups so that the units within a stratum
 
are similar. The criteria for delineating the
 
strata depend upon the survey objectives and
 
the kinds of information available.
 

STRIDING: See pacing. 

STRrTP-COATED POLYESTER: Plastic (polyester) film
 
having opaque coating; used for making open
window negatives.
 

SURVEY: Inquir of a s.mple of units (housing units,
 
households, person3, agricultural holdings,
 
establishments) tc estimate characteristics of
 
the total.
 

SYMBOLIZATION: Use of symbols.
 

SYM.BOLS: Designs (dots, circles, squares, etc..
 
representing natural or man-made features.
 

T 

TEMPLATE (TEMPLET): Pattern guide for drawing sym
bols; usually made of plastic or metal.
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TEXTURE: Variations in tone of featur-3 on air 
 TRIANGULATION: 
 Technique for determining the locaphotos or satellite images that cieate a visual 
 tion 	of a feature by means of compass bearings
impression of relative roughness. 
 taken from points of known location.
 

THEMATIC MP: Map which illustrates a certain type
 
or class of information; often called a statis
tical map. For example, a thematic map might
show climate zones, agricultural production, or 
 UNMANNED SATELLITE: Space vehicle orbiting the Earth,
population density for a selected area. 
 not 	carrying human beings (for example, Landsat).
 

TICK fRKS: Short lines used on maps. They are 
 URBAN PLACE: High density settlement which is desigplaced on tILe 
frames of maps to represent some 
 nated as being urban. Criteria vary according
type 	of grid system. 
 to country but usually include population den
sity 	and minimum population size.


TIE LINE (TIE-IN LINE): 
 Line drawn around an area
 
to show that its scale is different from that 
 URBANIZED AREA: 
 Core 	city and adjacent built-up area.

of the surrounding area. 
 Most tie lines are
 
associated with urban-rural boundaries. 
 V 

TINT SCREENS: See screen tints. 
 VELLUM: White or slightly tinted drawing paper. It
 
may be translucent or transparent and is often
TONE: 
 Relative darkness or lightness of an object on 
 used for tracing.


air photos or satellite images.
 
VERTICAL PHOTOGRAPH: Air photo thst .'eaken at an
TOPOGRAPHIC MAP: 
Map showing surface features of a 
 angle of 90* to the Earth's -urface.


region, such as landforms, rivers, lakes, roads,
and 	bridges. 
 VISIBLE BOUNDARIES: Boundaries following features
 
that 	can be seen and located on the ground.
TRACT: ;ee census tract.
 

TRANSLUCENT: Able to trans,.it light, but diffusing W
it so that objects cannot be seen through it
distinctly. 
 WORD 	STATE?-ENT: Map scale expressed in the form of
 

a statement, such as 
"one 	centimeter represents
TRANSPARENT: Able to transmit light 
so that objects one kilometer."
 
may be seen through it distinctly.
 

TRAVERSE: 
 Walk or ride around or within an area for x 
the purpose of measuring distances and direc- XEROGRAPHIC: Non-printing process of duplicatingtions. If the traverse ends at the place where 
 materials. It is a dry process that reproit started, it is called 
a closed traverse; if 
 duces the image by static electricity and heat
not, 	it is an open traverse. See rma sketching. to fix carbon particles to paper.
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