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INTRODUCTIU..:

Area Sampling Frame (AST) technology has become the foundation for
the collection of agricultural data in much of the world. It is a proven
method of monitoring agricultural outputs, providing decision makers
with a near real time picture of the fcod and fiber situation. Knowledge
of the current situation in agriculture may be the most important stone
in the foundation of Food Securitr Management. Introducing Area
Sampling Frame concepts and technology into Pakistan is the major
thrust of the Food Security Management Project/Agriculture Data
Collection Component sponsored by USAID and the Government of
Pakistan. Training in Area Sampling Frame (ASF) construction began in
November 1985. A pilot project of seven districts was gpecified in the
project to test and demonstrate the workability of ASF technology in
Pakistan. The project began corducting field surveys in April 1987
clearly demonstrating the effectiveness of this approach.

In July of 1989, permission was granted to begin extending the Area
Frame 1nto a National dain collection system. It was decided to begin
national coverage in the pilot project areas. This was done in order tc
validate new technologies employed in frame construction. The two major
technical changes are: using SPOT (Systeme Probhatoire D'’Obgervation De
La Terre) satellite imagery as the framc gtratification media, and
computerizing of frame area measurements and accounting.

The use of SPOT Satellite Imagery does not change any of the
fundamental ASF concepts but raises the level of technology employed
substantially. Initially a 'hands on’ rather low technological approach
was recommended. Experience has demonstrated that the Federal Bureau
cf Statistic (FBS) staff is able to absorb the necessary training and
make use of newly developed and highly sophisticated equipment. The
National Area Frame will be the constructed using 'state of the art’
automated techniques unravailable at the time of project initiation. It is
anticipated that the new area frame procedures introduced here will
bring the FBES Area Frame Laboratory to World Class standards.

According to the Fifth Annual ADC Project Work Plan, area frame
construction will be completed in about two years. This assumes the
full support of USAID, The Go--rnment of Pakistan/ Federal Bureau of
Statistics, and the continied dedication of the Agrirulture Data
Collection Ceil staff. The USDA advisory team believes that this ¢ an
ambitious, but not unreasonable goal.

Concurrent with National Area Frame construction the ADLC Cell will
continue to conduct field surveys in the pilot area. Valuable ingight will
be gained in designing and managing major field surveys. The pilot area
surveys are already proving to be a useful laboratory for research in
survey instrument design, ard objective yield survey training and



implementntion. Research in many aspects of survey procedures will be
uncdertaken in this manner before the first anticipaled National Area
Frame Survey to be conducted in January 1982,



A REVIEW OF AREA SAMPLING FRAME CONCEPTS

A Sample can be definea - an item(s) which show the quality of the
whole from which it was Luwcn. Statistical sampling refers to the science
of selecting samples from a whole, or population, in such a manner that
an valid inferences can be made about the whole from which it is drawn.

A Sampling Frame is list of items in a target population from which a
statistical sample can be drawn. The sampling frame may or may not
include all of the member items of the population, but an inference
drawn will only be valid for the members included population. Frames
which include all the elements of the population are called complete
frames. In addition, to be a valid statistical sample the quality of the
inference dra:.. . must be measurable.

The Area Sampling Frame (Aor) is a list of parccls of land, termed
segments, from which a statistical sample can be drawn. ASF has proven
desirable for the collection of agricultural gtatistics for a number of
reasone:

1. most attributes which are of concern in an Agricultural
Statistics program can be associated with a unique parcel of land
(Segment),

2. it is a complete frame, with no duplication or omission, that is
any single element in the entire target population has some known
probability of being included in a sample drawn from this frame;

3. the area frame produces statistically unbiased estimates with
measurable precision;

4. it is long lived: the area frame can bec used for many years
without update;

5. ASF lends itself to subsampling for special purpose surveys,
for example crop cutting/objective yield surveys, and some types
of economic, surveys,

6. because of relatively small samples necessary, area frame
gurveys can usually be conducted rather quickly, which helps to
insure timely results; and

7. the area frame survey is relatively inexpensive to operate.

Research into area frame technology for agricultural purposes began at
Jowa State University in 1938. The United States Department of
Agriculture, National Agricultural Statistics Service (USDA/NASS) began
using the area frame in 1954, and it is now the main stay of the area
and production statistics program in 48 of the 50 states. It is not used
in the far north State of Alaska with limited agriculture, nor in Hawaii
where agricultural is very specialized.
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AST hana been introduced in many doeveloping ceuntrios, including
Pakistan, Morocco, El Salvador, Costa Ricn cle.  More than two yeors of
survey history in Pakistan has dnmonsirated the feagibility of the area
frame for agricultural surveys. ASF was introduced in central Amcerican
in the »arly 1970’s. In every case where il fins bhoon introduced, oncenl
Egypt, it is believed Lhat AST has been incorpooniod as part of the
statistical institutions of the countrey,

In simplest terms ARFEA SAMPLING FRAMI techinolowy reguires an
accurate base map on which to divide the inrget aren (population) into
ultimate sampling units, or segments. The aren of the population must bo
acourately mensured to caleulate the probability of selection of ench
segment in the sample. As o minimon ONLY recurnte basoe anps which
can be used Lo define sampling units and measure theiv area is
requirad. A more efficient frame can be constructad if the largzel aren
can be  stratified by mojor d use categories. A properly stralified
sample will produce an indication (ostimnte) with o bighar level of
precision, that is n lower sampling orror. Statod still anotherr way: A
properly stratificd smnple is more efficient.

SAMPLING ERDPOR refers to the differcace in the somple cstimnto aud the
true velue which is due to sampiing, or asinz nosmall perhon of the
population to make an inference about the tatal, This creor is knownble,
predictable, and mensurable based on analysis of sarvey data,

The =bility of a survey to precisciy make an eatimate is usually
reported by the CORFRICLENT OFF VARIATION (CV. or ey, which iy the
standard error of the estimate dividad by the estinante cuipressed ns a
percentage, For unbiased estimates with no non-znmpling crror, a cv of
5% means that if the survey was daplicated many times the rosulting
estimates would be within 0% «f the real or rue value 69% of the time;
within 10%, or 2cv's, 95% of the time; and values within 3 ¢v's would
oeeur mors than 99% of the time, This variaction from ‘e true valun I8
the result of sampling ervor.

The "true’ value of an cstimate can never be knowa, The presence and
magnmiude of non-sampling error cannot be determined with certainty:
there are no perfect surveys {or censug'). L follows that ACCURACY or
how close a survey estininte iz to realilty cannot be known. Stalisticinns
normaily rofer to PRECISION, which s the cxrectntion that the average
estimate from a greal many similar survevs will fall within o speeified
range. Doocision assumes taal Ling and mon-sampiing error are
consistont survey to survey. Precision can be ostimated, and predicled,
but the rala'ionship belween a precise estimnte and the Lralh' can still
not bhe krown with certainly,

NON-SAMDLING ERROR iacludes sl the errors in an estinnte which come
from ail sources other than smnpling crror. It is non gnmpling error
which renders the truth unknown. The tolal impact of non-sampling
orror ean never be fully known. It incledes such diverse sources as
recording and measurcement errors during frame construction, crrors in
crop identification during the fieldd survey, ond kev ontry errors in
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survey processing. Only vigilance and constant effort will reduce
non-sampling error. Tt cer be completely eliminated, or if it is the
statistician will never .ow. Most non-sampling errors are not
measurable or predictable and arc often ankncwn entirely.

EFFICIENCY refers to Lhe cost of producing an estimate with a given CV.
The more efficient survey design is one which preduces a estimate with
a lower CV for the same cost, or the same CV for a lower cost. Cost is
often measured in terms of the money cost of conducting the survey or
the man-hours involved. Sample sizes are cften good indicators of
relative survey cost for similar surveys, but are very misleading when
comparing surveys of different degigna.

Another cost/value which should be considered in survey design ig the
TIME VALUE of estimates. An otherwise very efficient survey which
produces a result too late to be of value is wortihless. For example a
wheat yield forecast bofore harvest time might llow the government to
take full advantage of international markets in making up a short fall,
or disposing of a surplus. This early estimate could easily be worth
millions and millions of Rupees in marlket advantage. The same estimate,
available weeks after the harvest, might have no valve at all. This is
TIME VALUE. It is one cf the most critical and often ignored aspects of

survey planning.

Another important aspect in survey design is the level of desired
precision expected from a sample survey. A CV of ten or fifteen percent
might be adequnte at the district level, while provincial estimates could
be in the range of five percent for major items. At the same time
decision makers might expect National estimates to have a CV of 2 or 3
percent. The statistician can with reasonable success plan, predict, and
adjust, in advance, the level of precision a survey will deliver.
Remember the indications and variance from indepcndent surveye are
additive, but the CV must be rece'culated. The effect is as similar
survey results are combined the nggregate CV declines. It is fully
reasonable that a series of district surveys producing estimate with 10
percent CV's will combine to a national estimate with a CV 2 or 3
percent or less.

Because the highest nggregate estimate ig usually the one most
important to the decision makers, sample planners should consgider the
precision of this estimate first. Usually this will be the National or
Provincial estimate. District or lower level estimates can st.ll be made,
but some control of their precision may be lost. This ’top down’
approach is the most efficient way to allocate resources, but is oflen
difficult for local politicians, and somelimes statisticians to accept as it
de-emphasize the importance of lower level estimates.

As a rule of thumb the CV of an estimate can be reduced by half by
increasing the sample size four times, an inverse geometric ratio. If the
10% district CV in our previous example was obtained with a sample of
100 segments per district it could be reduced to 5% by sampling 400
segments per district. The number of enumerators and office support
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gtaff required will increase by a similar amount. The resources devoled
to training and quality assurance moniloring must also increase. The
volume of paper which must be handled will expand substantially. If
6,000 forms per district are processed to produce the 10% district CV, it
ig likely that 1.8 million forms will be required to produce national
estimates at the 6% per district CV level, If vrate of non-sampling arror
did not change, this reduction in CV increases the opportunity for error
geometrically, For many rensons, the rate of non-sampling error will
increase as the work load increases furt“er compounding the coffect of
increased error opportunity.

Surveyv planners and data users need to carefully consider the level of
roquired precision in light of the resources and time required to
complete the survey. Consider also possible effect on non-sampling error
as A survey becomes larger, Both for monecy economy and survey
operation economy, survey statisticians should encournge acceptance of
the highest possible CV compatible with the dota needs  of Lhe user at
every level of sumuwarization.

A term needs to clarified before continuing., The word ESTIMATE in
agricultural stnatistic is used in two differences senses, 'Estimate' is a
statistical term which refers to the final cxpansion of data from a sample
survey, i.c. the anrea planted to wheat from the Rabi ASE survey. In
common terms the reported valve after the results of one or more
gurveys are reviewed and made public is also termed an ESTIMATE, i.e.
the yirld of wheat per hecvare reported by the Minister in the
newspaper., These are both valid uses of the word, however confusing.
It would be desirable to interchange the word INDICATION for estimate
in the first sense, that is of the resulls of statistical surveys. As many
survey INDICATIONS might be available to the siatistician who will
finally sot one ESTIMATI for publication,

Farlier in the discussion il was noted that steatifieation is a tool used
to increase survey officiency. Steatification is the process of grouping
similar sampling units together based on there similarity. It should be
apparent that a smnaller sample is necessary to measure a parnmeter if
all of the units in the population have similar values, The grouping of
similar items together for sampling (Steatificntion) is the most important
action that can be taken to increase the officiency of the nrea {rame
sample. This is an integral part of frame construction.

The stratification process inclhides the following well defined steps:

1. REVIEW and SELECT resource materinls that will provide the
information need to segregate the target area into meaningful
categories. In the developing world where wide spread resource
inventorics may be few there is often little to chose from. Aerial
photography and satellite imagery are most common. Satellite
imhgery is now universally available, while photography is not.



2. DEFINE the various strata to be used. Definition should be
appropriate o the intended use of the frame.  They should
reflect what is possible, given the stratification medium used.
Definitions should be as specific as possible, but worded in such
away that every parcel of land in the target population fits into
one and only one stratunm. =

3. Delineate the target area into STRATUM BLOCHKS. A stratum
block is the largest contiguous area in which all the included land
is of the same strata type. The minimum size for a stratum block
is one frame unit. The technicians should be careful that no area
is duplicated in more than one stratum, and that no area is
omitted (Remember the complete frame).

FRAME UNITS are formed when stratification is complete by dividing
stratum blocks into uniform sized smaller subdivision. The subdivided
stratum block, or frame unit, should be at a minimum equal to two
segments, and on the average equal to ten segments.

The f{rame unit is the primary sampling unit (’SU) in the aren frame
sampling procedure. In locating a sample segment the frame unit is
randomly selected first which containg the target segment. The SEGMENT
which is selecied from the frame unit in the sccond step of sampling
and is some times referred Lo oas the subunit or ultimate sampling unit
in statistical tests,

The concept of frame units is important for one reason. By selecting a
frame unit which will contain the sample segment and then dividing that
frame unit into segments, frame work is greatly reduced. For example, a
sample of 100 segments is to be selected from a frame with 100,000
potential segments, using single step simple ‘andom sampling. All
100,000 segments would have to be identified in advance of sample
selection. By creating frame units of 10 segments each only 10,000 frame
units would be required. 1f 100 of these were selected (assuming no
frame unil contained two sample scgments) only 1000 segments would be
required to be drawn. A savings of 89% of the total worlk load is
realized.

When frame unit construction is complate frame units must be numbered
in logical and systematic fashion. Frame units should be number serially
starting in the north east corner of the population and proceeding from
east to west and working southward in a serpentine manner. While the
starting point and the directions of numbering are arbitrary, the
concept is to insure that as much as operationally possivle, frame units
which are most similar to one another are numbered consecutive. Even
in the same strata two frame units v hich are adjacent are more likely to
be similar than two which are separated.



The numbering pattern for frame units helps reduce sampling error
inherent in the finished frame. This is necomplished by dividing the
population into blocks of consecutively numbeved frame units called
PAPER STRATA. By ascsociating neighboring unils in a substrala,
variance within that substrata samd therefore the steata is reduced,
Payper strata are ealled this because this substratification is done only
on paper {(more recently in the computer). Mo work on the frame map
itself is required. Sometimes they will be referred to in the literature as
GEOGRADPHIC SURSTRATA. This terms mean the same thing and may be
mora descriptive of the concepl,

Another important advantage o using paper stratn is that sampling with
substrata  allows that the sioaple can be divided between the various
substrata. As the distribution of the substrata are somewhal uniform
over the populstion il is assured that the distribution of the sampie
gegments while random, will also have some uniformity in distribution.

As a point of clarification, COUNT UNIT is an older and less descriptive
term for [rame unit. In early area {rame research streatification was
based on the density of frm houscholds, Count units were established
by counting houses. This concept is no longer valid but the name
persists. For our purposes it hag exnctly the same meaning as frame

unit., Frame Unit is the preferved term,

The last major step for the frame construction technician in area frame
construction involvrs the measuring of the aren of each frame unit.
This has been commonly accomplished using polar planimcter.  With
recent advances in micro computers it is now possivle to digitize maps
and compute arcas in the computer. Digitizing is the process of
translating spatial information from the map to a string of characlers
that the computer is able to process,

I'he area frame construction is complele when the assignment of numhers
of potential segments to frame units is completed. This is a computer
operation so that the frame technician does nol usunlly 'see’ this
operation. The area of the frame unit s divided by the average target
aize for a segment in that particular strata. This number is then
rounded to the nearest integer value for each frame unit. Rounding to
whole numbers is required as it is not possible to deal with fractions of
segmants.

When a sample is selected, the area frame technician will be given a list
of frame units from which specifiecd number of segments must be drawn,
usunlly one. This step: preparing scgments and sampling material will
vary as moreo than one process is available for segment identification.
The final product is the same, n SEGMENT defined in such a way that it
cean be enumerated in a field sarvey.

In ASF the target population within a strata has been defined in terms
of some fixed number of potentinl segments. The sampling procedure
seleets some number of these segments to be enumeratec. This is a
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critical concept in the understanding of Area Sampling Frame Theory.
The population which is sampled is NOT THE AREA of the province or
district, but the AGOREGATE OF THRE SEGMENTS which were (potentially)
created in the frame construction process. Potentinl segments is
specified, because while the number is known, only a few segments are

actually defined.

Another way tn look at this important point is to consider: The
expansion factor in an area frame sample is the number of potential
gegments in the frame divided by the number of actual gegmenta in the
sample. It is not the area in the frame divided by the area in the
sample. Consider this cnrefully: misconceptions are common.

Note for mathematical statistician: Some statistical text books refer to
ASF sampling "design as multistage sampling. ASF is a apecial case of
multistage sampling where the probability of gelection of each ultimate
sampling unit (segment) in a stratum is equal (Sampling Techniques
Third Edition, Cochran, John Wiley & Sons, 1977, page 295). In this
special case, formula for simple random sampling within each subunit
(paper strata) apply. This sample design is termed multi-step sampling
in the context of the ASF (Area Frame Design. for Agricultural
Surveys, Nealon and Cotter, USDA/NASS, August 1987).

USDA/NASS uses a replicated sample design, where multiple independent
samples are drawn in order to facilitate sample rotation and sample size
adjustments. This results in some reduction in sampling efficiency. The
reduced efficiency is minor, particularly when compared to the added
flexibility a replicated design offers.



THE PAKISTAN NATIONAL, ARFA FRAME

The Government of Pakistan ask for introduction of area frame sampling
becausgse current methods used in Pakistan were judged to be ineffective,
Critical estimates were chronically lIate, and the precigion of estimates
was regularly called to question. N

An area frame was developed in Pakistan on a pilot basig in the first
phase of the Agricultural Data Collection project. lLow lIevel nerial
photographs were used to stratify and divide the target area into
sampling units. Standard 15 minute topographic maps were used to
accurately delineate and measure the areas involved. This required the
transfer of strata blocks and count from photos to maps. Frame unit
arean was then determined on the map. Survey material was prepared
from enlrrgements of the associated photo.

It is important to note that the two uses of the photography;
gtratification and locating sample units for field enumeration are two
very distinct and different operations. It was convenient that these Llwo
functions used Lhe same basic input, aerial photography, but there is no
requirement for this in area frame theory.

In National Area Frame construction the stratification medium will be
SPOT Satellite imagery. The major advantage of SPOT is that il is
current, and the color directly relates to the intensity of growing
vegetation. With photography the intensity of land use was only implied
from the presents of fields, irrigation canals, and other artifacts of
cultivation. Usunlly stratification based on this kind ol information is
quile accurate, but problems did arvise in saline soil vegions.

The SPOT image used will be as current as posaible.  Usunlly the best
timing for SPOT used for lnnd use identification is during the pealk of
the most extensive growing sengon. Imngre dates of early September or
January nre probably most appropriate in Pakistan. [deally the image
used for the National Frame will be no older than from the previous
September. Because the satellite only lraverses a location about once
every 16 days, one cann.l precisely specify the required date of
coverage. But by requesting a suitable range of dates one can obtain
the needed imagery, weather permitling.

Stratification using SPOT is essentinlly the same process as with low
level photography. The technicinn using his best Jjudgment, as
giratification involve subjective reasoning, divides the target area into
'blocks' of similar ''nd use. The difference is the stratifier will not be
abie to locate precise boundaries for strata blocks on the SPOT. In the
beginning he may have some difficulty fixing the location of the image
on the map. This ig because there are few man made Iandmarks which
ore large enough to appear on the image, and the topo map emphasizes
only cultural features. lowever, with careful study and the use of
topographic maps for reference one will soon discover many identifiable

features,
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Location ¢i segments in National Area Frame will be done in a fashion
similar " field located segments in the Pilot Frame. Where low level
pholuyr - is available the fieid process will be mimicked in the
laboratory, all segments will be constructed around a randomly selected
point.

-

The field location of sample segments has become commonly known 2as
'point sampling’. This is a misnomer as no points are enumerated. In
geometry points have no area and this implies an infinite population. In
ASF a known and discrete number of segments (potentially) exist. Quite
different statistical assumptions apply in the two cases. A more
accurate term to describe this type of segment preparation is 'field
located segment’, which does notl have the implied assumptions.

The technicians involved in frame construction will become aware of a
number of significant changes in frame construction techniques. Most
obvious will be the addition of two pieces of high technology tools, the
Zoom Transfer Scope (Z1S) and the Digitizer. The ZTS will be used to
assist the stratifier in transferring data from the SPOT image to the
base topographic map. The Digitizer is a tool which transfers map
coordinates into digital data. The digital data can be input into a
computer. The digitizer and associated computer prograus will replace
the planimeter. Much hand review and manual data entry will also be
turned over to the digitizer and computer.

ZOOM TRANSFER SCOPE:

The Bausch and Lomb Zoom Transfer Scope, Model 53-05-30-10, will be
used. This instrument has the capability of enlarging, rotating and
translating photographs or other graphics material (SPOT). Spot may be
viewed in superimposition with the image of a map or other output
materinl, and significant data may be transferred. It also has the
capability of stretching the input images to obtain a better match, as is
required when the input materinl has distortion due to the angle of the

‘camera’.

In pilot frame co'nstruction the integration of the photo and the base
map was done in the framers mind. He studied the photo, recmembering
the location of the data (line and boundaries) tc be transferred then
moved to the map lo record as transfer area for the data. All needed

corrections was carried out, more or less unconsciously, by the framer.

The ZTS is a very sophisticated precision instrument, that performs one
single simple task. It corrects and adjusts the scale of one image and
allows it to be superimposed on to another. For our purposes this
means we may look at the SPOT image overlaid onto a topographic map.
This is only new in the sense that we are now using a machine to
speedup and make more accurate a task that previously was done

manually.
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The 72TS consists of a frame or stand which houses and supports all of
the electrical and oplical components. Supported above the frame is a
glags stage. Three illuminator lamps are attached to the frame, one for
the base map placed below the frame, and two for the 5POT scene
placed on the stage.

-

Electrical controls, found on the frame, include a master switch, and two
flicker switches on either side of the optical housing, and three knobs
which control the intensity of the illuminators. There is also a f{oot
gwitch which duplicates the aclion of the flicker switches., Experience
has shown thnat the foot swit~h will be used extensively.

All of the optics controls are located on the optics housing. A
description of each its function and loention follow:

1. INTERPUPILLARY DISTANCE SETTING: The distance between the pupils
of the eyes varies from person to person. By gently separating orv
pushing the eyvepicces of the TS together while looking al an imnge the
fieldd of view can be adjusted so that a full field can be seen with both
eyes. There is n scale above the eyvepicces which displays the
interpupillary distance of the operator. Once a comfortable setting is
found the operalor may return to this setting Intter.

2. FYEPIECE FOCUS CONTROLS: Bach eyvepicce tube has a lknurled ring
for focusing the ovepicce. To focus the ZTS for individual use both
eyepicens should be turned all the way in and backed off about one
qunarter turn. The operator should focus each eye independently by
closing one eye and making the needed adjustment. Then make small
adjustments while keeping both eyes open unlil the sharpest image
possible is obtained. The cperalor may or may not wear glasses as is
mosl comfortable. Persons with serious astigmatism should wear their
glasses, or may find that they are unable to properly align material in
the 72TS.

3. ZOOM CONTROI, KNOB: The zoom control knob, located on the lower
right front of the optical housing, controls the magnification of the zoom
aystem. When using SPOT i\nngos and standard topographic mnps a zoom
of about 4x will bring the spot into the same seale as the map.

4. STRETCH CONTROL: The stretch control, located to back right side of
the optical housing, is used to stretech the image in such a manner that
a square may appenr to be a rectangle. The ratio of stretch is variable
from 1:1 to 1:2.

5. STRETCH DIRECTION CONTROL: The stretch direction control is
adjacent to the stretch control. It is used to set the direction of the
stretch from 0 to 180 degrees,

6. FINE X AND Y ADJUSTMENTS: Coarse posilioning of the image is done

by moving the map beneath the instrument or by moving the SPOT
image on the stage.
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For fine adjustments, the map lens may be scanned over the map. The
Fine x =+ ' Adjustment Screws ave located above the map lens. If the
end oi v iyavel of the screw is reached and more movement is
required, turn Lhe screws into the middle of the range, reposition maps
and then use the Fine x and ¥ Adjustment Screws. When turning the
scrows outward do not continue turning after image has ceased moving,

otherwise the screws will fall out.

7. ILLUMINATION CONTROLS: The illumination or light controls gshould be
ad justed so that the intensity of the image and the map are satisfactory
for the operator. The lights are controlled independently by dimmer
switches on the left of the fram= and a master switch on the right.

Mumination of the map or the SPOT imange are controlled by flipper
awitches on either side of the optical unit and are duplicated in the foot

control.
HANDLING OF SPOT IMAGES:

SPOT imagzes will be received from SUPARCO in the form a color
photograph negative. It will be on film about 10 inches square. It will
be pnckaged in a clear plastic envelope. A contact print will be made
from this negative. Contact prints are made be placing the negative
directly oa the print paper and exposing it to the light. The SPOT
negative will then be careful stored. All stratification work will be done

using the contact or positive print.

The emulsions, that is the chemicals which carry the color in
prhotography, are extremely soft and scratch very _easily. For normal
use scratches on the surface of a photo are not very important. In
stratification we will be viewing the SPOT positive images magnified
many times. Even minor scratches will appear as major gashes in the
iandscape.

Because of the soft nature of the photography the negative should
never be taken out of the protective cover, and the positive should be
handled as carefully as possible. Particular care should be taken not to
place it face down on any surface (except the viewing stage of the Zoom
Transfer Scope). The face or picture surface should never be wiped or
glid across any surfaces.

HANDLING OF MAPS:

Topographic maps will be the basis for the Pakistan National Area Frame,
just as they were for the pilot area frame. More careful handling of the
maps, however, will by required. The automation of frame construction
requires that maps NOT be rolled folded, creased, smudged, tea spilt, or
subjected to other abuses. Maps should only be handled with clean, dry,
oil free hands.



Paste hoard file {olders shonld be made for map storage. A hinge can be
made uging cloth tape. The frame topo mnps should  bhe stored in these
folders,  No more than about ton maps should be stored in one folder.
This will help minimize the mnp handling while keeping an orderle file
gveleoia, Of course the outside of the file {older should be anointed with
its contents. )

A common practice during pilt framing was for the [ramer to curl the
map under the desk in front of him. This caused the paper Lo be
slightly creased as it turned. This will not be tolerabls during the new
frame construction as the digitizer is very sensitive to small ahifls in

paper loontion on the digitizine {ablet cauaed by these smnall folds,

Another practice that needs to be changed is the taping of the map
edges. This was very desirable to help preserve the maps when they
were handled over and over again., The goal vow must be fo handle a
map the minimum number of times necded fo get the job done, Also, the
maps expnand and shrinlc with chaneging humidity. The fape does not. For
this reaczon on a very humid day the taped mnps will not Iay flat asg
they 'hubble’ inside the taped edge. The slight change in imap
dimer-inng due to weather in itselfl will not efiect our worlk nsg long as
it can still be accurately aligned on the digitizing tablet, Therefore, the
maps should not be taped so that they cxpand and contract uniformly.

The single overriding factor in all map handling is "How does it effect
the digitizing process?’. Digitizing is the most technologicnlly sensitive
operation in frame construction. Digitizing win greatly reduce the time
involved in frame construction. Tt will greatly inerease the accuracy of
the finished frame, and il will o most of the error trapping that was
previously done by hand. BUT, it requires precision products (maps) to
work with. The digitizer normally works in an accuracy range of 0.1
millimeter or smaller. Fven very small ehanges in the map surface will
render a map unusable. It is imperative that waps be handled ns little,
and as carefully ns possible. They should never be folded, creased, or
rolled up. They should be handled only with clean, dry, oil [ree hands,
and then ns little ns possible. Every flexure of the paper causes the
structure of the paper tn lin‘r.*nl'. down slightly. Paper and specially the
paper used for maps is very durable, but for our purposes it must be
treated with great respect. Any map which cannot be digiticed will have
to be recreated. All data processing will proceed from files which are
automatically created in the digitizing process. There is no provision for
manual input.

Remember the compleied maps and the dicitized record is the frame, Tt
will have cost many millions of rupees lo create and will have a life
expeclancy of twenty vears or more. It should be treated accordingly.

A new procedure for topographic map numbering will be employved in
Mationnl ASTEF construction. When the relatively small digtrict was the
target population in the pilot project all frame units in a disirict were
numbered at one time. The topographic map numbers were used to
mainiain orderly fileg, but werc not part of the frame identification
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itself. In the National area [rame this would require all stratification and
frame unit construction smpieted before the next step could begin.
This is cleariy noh posso od still maintain an orderly flow of work.

~he firs. step in National A\SE construction will be the numbering of the
Lopograpinet mAaps  in such a way that ench map cnn be processed
independently. All maps used in a province will be laid out in large
'moeaic’ and numb-r in a serpentine fashion. This will allow each map to
be handled as an independent unit, but the ~ompleted frame will still be
organized into a geographic distribution. The discussion of numbering of

frame units which follows at a Iater stage In this paper applics equally
her=.

STRATIFICATION:

The first requirement of the stratification process is to develop
stratification categories or s!ratum definitions. Each stratum type
anould be clearl: reccinizable from the material available. For National
Arra Frame Constructicn this is 2 combination of SPOT imagery and
topological maps. As the primary use of this area frame is8 for
ggricultural surveys stratification should consider land use types which
are important to agrictlture. Area frames could be developed tc ineasure
.oarly anytihing which can be associated with the land, but stratification
would be much diff~rent if the distribution of coal deposits were the
primary considrration.

The stratitication definitions developed for the pilot frame are likely to
usable in the development of the National Frame with little modification.
Owe adjustment likely, is it it will be difficult to distinguish irrigated
from unirrigated crop land with certainty. This should require the
collapsing of some specific strata definitions into more general terms.
The absolute detail will not be as apparent on the SPGUT. This will cause
scme usc ‘ypes to be unrecognized when only small areas exist. This will
not lead to difficulty as the smallest a strata block should ever be is
about ore half square kilometer.

It is beyond the puryp se of this paper to address the interpretation of
SPOT. SUPARCO will provide specialized training in image interpretation.
[lowever, satellite Imnges use a false color scheme which is standardized
to r~present the intensity of the various light patterns the satellite
receives. Generally grow’ g plants appeas red, bare soil is brown to
vellow, and waler is dark blue to black. Clouds will usually be w'ite
with a distinctive shadow. Recognizing these general pattern will aid the
stratifier new to satellite imagery to begin to relate the image to the
map or ihe ground.

The following outline sets out the general steps required to stratify a

topographic map using the ZTS and SPOT imagery. No attempt is made
here to sct hard and fast procedures, as the best approaches will

15



evolve over time. These steps are offered ns a starting point. Even
before detail training in imnge interpretation the gatratifier should
practice scene alignment and the other skills outlined herve,

1. Bepgin working as ncear to the center of the SPOT secaone as
postvible for a particular map. This reduces the nmount of cdge

distortion, which 1s significant along tho outer edges of the sSPOT

2. Locate a land mark on the SPOT in the area you intend to
stratify. Center this area on the stape with the labels on the image
pointing way froin the operator. The rolatica coutrol should be set so
that labels on the SPOT arce correctly oriented in the viewer.
Magnification should be set -t 1X.  Tiis allows for the Iargest area
possible in the field of view, which is oriented so that adjusting the
position of the scene on the stare moves the image in similar directions,
When the rotation control is not thus aligned it is hard to move the
scena as it travel in the viewer is not as expected.  Remomber by using
the foot switch or the finger controls it is possible Lo view the topo

map or the SPOT scenrs alone, and also to superimipose one on the
other,
3. Center the topo map on the table, aftenpting to line up the

landmark ehosen on the SPOYT with the same location on the topo in the
center of the ficld of view. 1t is nhot no~egsary that the topo map be in
the right side up. Place it in the most comfortable position to work. The
SPOT scene can be 'rotated’” by usineg the roiational coatrol wheel. By
using this zontrol the scene can be given the same orientation as the
map. MNow slowly turn the magnification control to 4X, while watching the
image in the viewer. The SPOT image will seem to move as it is
enlarged: Adjust the poesition of the map as needed to mainlain
alignment. The SPOT and the topo should be now roughly aligned,

4. The nenr perfecl alignment of the scene is critical to accurate
stratification. DBy experimentation withh the magnification control,
stretch direction, and stretch distance control carefully align the
central pnrt of the field of view. Ounly the central two thirds of the
finld of view should be used as the outer edges have some addition
distortion and is hard to see in any case. When making thease alignment
adjustments align ns much of the entire field of view as possinle. Again
alignment is CRITICAL to a goeud stratification job.

A Bint: Siding a shect of heavy white paper over and the topo map has
the same effect as turning off the table lamp. This has two advantage:
1) It blecks the wmap image completely, and 2) it allows for ’turning
ofi’ parts of the map only. This is useful in checking for alignment.

Remember Lne SPOT map is accurate and up to date. Things which are
sigihle on the image are properly placed {given correct alignment of the
scene), but things change and there are errors on the topo maps. When
there is a difference the 3POT is right. In general roads, canals, and
other man made features are the most accurately placed on the topo
maps. Matural rivers change location and size over time. M~intain
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peaks and ranges should be well located on the topo maps and of course
move little. Keep in mind the possibility of placement errors {(on the
topo) when adjusting the alignment.

Stratification using SPOT has been tested in n number of arcas in
Pakistan by the ADC Staff using the Zoom Tranafer Scope. IFiold
cheeking wau nol done, but areas the ADC Staff wero familinr with wero
used. The mnjor difference the stratifier will nolice is that the SPOT
image carry much less information than the comparable photo. He
almuld remember that the photo had far more information available than
was actually used in the stratification process. Very accurate information -
on the inte. ity of current land use in avaiinble on SPOT. This is the
criterin for sitratification, all other dntn nvailable on the pholo was
secondnry to the stratification process.

D. Begin stratification from the center of the field of view worlking
outwnid. It is necessary o work while wntching your pencil through
the viewer, but be caceful. The field of view is magnified. Contre’ nnd
“coordination of the pencil does take practice.  When stratifying, decide
what is the least represented stratn in the “eld of view and block this
area into Lhe slratn blocks, Remember to clearly identify the strata
defined, i.e. 12, 31, cte.  In no case should a strata viocl be smaller
than one half square kilometer. The red grid squares on the map are

one full kilometer square.

Note: This menns that very foew villages will be delineatod as scparate
stratn blocks., It is evident from the pilot frame construction that
incorporating the village slratn greatly increased the work load in {rame
construction, but did not significantly inprove frame performance.

The Stratification procedure is identienl whether low level photography
or field located points will be used for sampling in the district.
Proc: lures for defining the segment will be such that a segment is

constructed around a rand: point in the laboratory on photography if
available.
6. When ench field of view i3 complete the stratification should be

reviewed by a second technician. This review should be to verify and
assure agreement on basic image interpretation. It should not be a
raoview of the exnct location of ench line drawn on the map.

A note to the reviewer: Remember atratification is at least as much Art
ng Science. This means that there is no single ’right’ way, and no two
gtratifier will do the job in the same way. Be very critical of

stratification which is wrong (Remember non-sampling error). Be careful
to distinguish from differernt.

7. When review is complete the scene and topo map should be shifted
nbout 2/3 of the field of view and the process of alignment and
atratification completed again. This process should be continued in
apiraling fashion around the first field of view completed until the
entire map ia stratlified.
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The stratifier should record the strata from one map on to the the edge
of adjacent maps. This will help insure a smooth transition in strata
from map to map, and help reduce the personal bias in map
atratification. All strata blocks should end at the map boundary: there
should be no overlap on Lo adjncenl maps.

’

8. Completion of the stratification of a topo map should require about
one day. The last operation that the stratifier should do is to review
the map for completeness, and to correct obvious errors. There should
be no incomplete boundaries.  All lines drawn should terminates at the
edge of the map or at another line. There should be no unstratified

arens also, no holes.

Withh SPOT procedure it igs not necessary that boundaries be observable
on the ground, so the most convenient boundaries possible should be
used to form frame units of the appropriate size. These will usually be
the red grid lines that have been preprinted on the topographic map.
Using these lines will help in digitizing and insure uniform sized frame
units.

Frame units should next be numbered. Numbering should begin in the
northern enst corner of the mnp and precede in a serpentine manner
right to left until all frame units are numbered. FEach topo graphic map
will be numbered independently. The numbering sequence should
include all frame units regardless of the slrala. Note: Thig is a
deviation from the pilot procedure. Frame unit numbers will be a three
elem nt number. The elements include the ASF map number, the
strata identification number, and serinl number of the frame unit on
the map. The number will be in the form of xx-yyyzzz where xx is the
gtratn number, yyy is the ASF map designation, and zzz is the frame
unit  serinl number. Only in a specinl cases will it be necessary to
record the ASE map number on the frame unit as it is number. The map
number will be norinally added by the digitizer.

Ench topographic map will stand alone. No count unit will overlap on to
any other map. This will add an additional measure of quality assurance
as the sum of all areas in all strata in a map will equal the map area
(+xcept where a district boundary transits a map). Although ecach map
gtands alone, the stratifier shou|ld review adjacent completed maps in an
effort to maintain a smmooth transition from map to map.

Every effort should be made lo insure aceuracy in frame numbering so
ns nol to overlook & frame unit, or a number, or Lo duplicate numbers,
extensive review is not required. The digitizing opevation checks for all
of the commor numbering problems.

When frame unit numbering is complete the map should beo dotted and
_otherwise prepared for digitizing. Dotting is a process of marking ecach
end of all straight lines which make up a frame unit. Also dotted are
dircction marks each line interseclion. A common problem associated
with digitizing is that the dotter begins to make dots that are in reality
small line segments. This makes it particularly difficult for the digitizer
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to know nxaclly where the dot is intended. IL is n common practice for
thn Lechnicinn who digitizes to de his own dotting. This helps him know
what was intended. There nre usually more technicians than digitizing
equipment so this does not slow the process.

Digitizing in done by plncing the printed topo map socurity on the
digitization table and mnark ench line segment, defined by the dots. A
cursor with n cross hair gight is used. lFollowing the 'prompts’
dispianyed by the digitizing softwnre on micro computer lead the
technician through the process. The computer will ask the operator to
mark’ the dota which identify the frame units on the map. '

No attempt is made here to explain or teach digitizer operation. Only a
fow o' servations are made.  Digilizing requires a fairly high level skill,
A number of operators sho .U become proficient in its operation, but it
ig not cost effective to train everyone. Also, digitizing is a one person
operation. Frustration levels rise, and data can be lost too quickly to
jugtify having more than one person pushing tho buttons at n time,
Finally, proper file handling habits should be carefully cultivated so
that data . never 'miaplaced’. it should go without saying that
important dota file should be backedup on tape at frequent intervals.

When the digitizing is complete and all errors reconciled the digital file
(in rne comjputier) merged with all of the other digital map files for the
province., Area frame construction is complete. The combination of the
maps and the digital datn files, properly stored and backedup, is the
aren frame.

Sample allocation and selection is the next step. These topics will be
covered in separate papers.
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DEFINITIONS AND ACRONYMS

The following list of words and acronyms are presented to nasist in the
understanding of some of the jargon developed around remote sensing
in agriculturnl research. Not all of these terms are used in this paper,
but may be found commonly in remote gensing literatura.

AgRISTARS Agriculture and Resources Inventory Surveys Through
Aerospn~e Remote Sensing. A USDA and NASA joinl project.

cursor An aiming device, such as a lens with cross hairs used in
digitizing

digital computer A computer Lhat operates on the principle of counting
ns opposed to measuring

digital image An image having numeric values represent color
intensity
digitizer A machine that changes graphic cartographic

information into numeric form

falge color A color image prepared by aggigning blue, green and red
colore to the three or four frequen' bands which the satellite
receives producing colors gimilar infrared photographic film

Fov Field of view

LACIE Large Area Crop Inventory Experiment. An early USDA/NASA
exercise,

LANDSAT(ERTS) Land Satellite, Earth Resources Technology

Sulcilito

. grain One of the dircrete silver particles resulting from the development
of light sensitive film

gray scale A monochrome representation of a color image, a monochrome
strip of shades ranging from blaclk to white used to balance colors
in color photography
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image The recorded representation of an object preduced by optical or
other means when light (or other emitted encrzy) is not directly

recorded on film
MSS Multispectral Scanner

negative A photograph on film, plate, or paper in which the
tones are reversed

NOAA National Oceanic and Atmospheric Administration

pixel Picture Element; The area on the ground represented by a data
value; the smallest area 'visible' on a satellite image

positive A photograph on film, plate, or paper having
approximately the same rendition of light and shade as the
original subject

resolution The ability of on optical system to distinguish between
signals that are spatially near or spectrally similar

gscene everything tl.at occurs before the satellite sensor; the image
recorded by the satellite sensors

signalure Any characteristic or series of characteristics by which a
material may be recognized

spatial 'pertaining to the location of, proximity to, or

orientation of ob_ects in respect to one another
SPOT Systeme Probatoire D'Observation De La Terre

thematic map, TM The graphic display of data from a geographical data
base
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NEED FOR IMPROVING PAKISTAN'S8 CURRENT AGRICULTURAL STATISTICS

1. pakistan's current method of estimating area . and
production, the Village Master Sample, employs sampling
procedures based on the Land Revenue System.

2. The current system of collecting agricultural statistics
does not fully meet the requirements of planners and
policy makers.

a) crop estimates are not available on a timely
basis
b) reliability of the estimates is not known
3. As a result, the Government of P~kistan asked USAID to

provide technical assistance in improving the existing
system of agricultural statistics

4. A U.S. team recommended a new technology known as the
"Area Sampling Frame" which has been successfully used in
the U.S as the primary method of collecting acreage,

yields and other kinds of data since the early 1950's.



WHAT IS AN AREA BAMPLING FRAME ?

An Area Sampling Frame, such as the one being implemented in
Pakistan, includes all of the land area in the country
without overlap or omission.

This land is stratified into categories, according to its
use, by using spot satellite imagery and topographical maps.

Once the land is stratified by it's use for a province or
the entire country, probability samples of land areas
(called segments) can be drawn from each land use stratum to
conduct various surveys and arrive at estimates for a
p. vince or the entire country.
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WHAT ARE THE OBJECTIVES OF THE AREA
SAMPLING FRAME?

To modify / replace the VMS data collection system by:

Providing statistically reliable estimates of acreage
and production for major crops on a timely and cost
effective basis.

Making possible the wuse of growth models for
forecasting yields of major crops before harvest, so
early production estimates can be made.



WHAT ARE THE ADVANTAGES OF THE AREA S8AMPLING FRAME
COMPARED TO THE EXISTING SYSTEM?

It is completely independent of all other sources
such as revenue data.

It is more timely for both acreage and production
estimates.

It is cost effective.

It is statistically reliable

It is more flexible
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1.

2.

Phase I

Phase 11

PROGRESS TO DATE

1976 aerial photography was obtained 1in
1985 and used to stratify four districts in
the PJn]ab and three districts in the Sindh
Province.

acreage and objective yield surveys have
been conducted continuously in these seven
districts since 1987-1988.

couldn't get more (or recent) aerial
photography

perm1551on received to obtain spot satellite
imagery for the entire ”ountry

stratification got underway for the entire
country in 1989 using the satellite imagery.

surveys are continuing in the seven
districts until all land in Pakistan has
been stratified using the satellite
imagery.



THE STEPS INVOLVED IN THE CONSTRUCTION OF AN

AREA BANIPLING FRAME



STEP 1

The target population is first identified -- in
Pakistan it is the province.
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8TEP 2

Homogeneous land use categories (strata)
identified.

(see the following strata definitions)

are defined and



STRATA DEFINITIONS FOR PAKISTAN'S AREA BAMPLING FRAME

Stratum
Stratum
Stratum
Stratum
Stratum
Stratum
Stratum
Stratum
Stratum
Stratum

Stratum

10

20

31

32

41

42

51

61

62

70

Intensive agriculture, 60 to 100% cultivated.
Extensive agriculture, 30 to 59% cultivated.
1 to 29% cnltivated, and/or pasture.
River bed
Land not suitable for cultivation or pasture
Land reserveu [or National security
Urban areas
Villages and other agri-urban areas
Forests or concentrations of large trees
orchards or other concentrations of tree grown

crops

Water

o



BTEP 3

Homogeneous land use areas (strata blocks) are delineated on
topographical maps using satellite imagery.

(see Figure 1)



PROVINCE
/\

~Stratum 10

Stratum 20

Stratum ___»
12

Stratum 10

Stratum 20

Stratum 31

Stratum 20

. Figure I- Example of delineatling hoﬁogeneous land use areas (strata blocks)

Stratum 10 - Intensive ngricu]ture,'GO - 190% cultlivated

Stratum 20 - Extenslve agriculture, 10 - 597 cultlvated

Stratum 31 - 1 - 297 cultivated and or/pasture

Stratum 32 - River bed

Stratum 41 - Land not sultable for cultivation or pasture
(Note: There are several other strata not shown here)



NOTE: 1In theory, ail land in each stratum is next divided into
small areas (called segments) on topographical maps.

(see Figure 2)
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Figure 2- Example of delineating entire land area in a province into segments.

(Note: This takes too much time since each small segment must follow boundaries
that can be found by enumerators -- such as roads, water courses, etc.)



BTEP

Since dividing the land

(segments) takes too much time,
(called count units).

(see Figure 3)

in each stratum

4

into small units
we divide it into larger units
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PROVINCE

Strdtum___~___9
32

Flgure 3 - Example of delineatlng strata blocks into count units.

(Note: Slnce it takes too much time to delineate all of the segments in a
province, count units are delineated instead. In this example, each count

unit contains 10 segments).
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BTEP 5

A sample of count units is randomly selected into the sample.

(see Figure 4)
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PROVINCE
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S = Count units
randomly
selected into

S .
ratum/ 10 \fi;>> sample
< .
A= s
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S 1131 § n 20

& %]

tratug Ll Striatuny 31

Figure 4 - Example of randomly selecting a sample of count units



BTEP 6

The count units are then delineated into segments

(see Figure 5)



PROVINCE

Figure 5 - Example of delineating selected count units into segments

(Note: In this example, each count unit contains 10 segments)
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8TEP 7

One segment in each selected count unit is randomly
as the sample segment

(see Figure 6)

selected
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Figure 6 - Example of randomly selecting one sample segment
in each randomly selected count unit.

510 segments

éf’///’ ll sepments

selected In
sample

360 segments

8 segments
selected In
sample

Stratum 10

870 total segments

19 segments in
sample

Stratum 41

180 total sepgments

3 segments in
sample



8TEP 8

These sample segments are then used for conducting various
surveys.



HOW ARE THE SRMPLES DRAWN?

The best available estimates of variance for the major crops
are used for computing sample sizes.

when the sample size for a stratum is determined, several
separate simple random samples of segments are drawn from
that stratum which will sum to the predetermined sample
size.

This method of sampling is called replicated sampling and
has two major advantages:

a. ease of sample rotation
b. easy computation of variances for the data
collected.

Samples will be drawn at the province level since the target
population is defined as the province.



HOW ARE THE DATA COLLECTED?

1. Enumerators in each province will collect the data.from
farmers by personal interview when possible.

5. Enumerators from each province will be trained by FBS be fore
each survey.

3. Supervisors in each province will conduct quality control
visits to the same segments visited by enumerators and make
checks to see if farmers were interviewed and the data
accurately recorded by the enumerators.



HOW ARE THE SBAMPLE DATA EXPANDED?

The sample data collected from the segments in each stratum
can be expanded to the stratum level. The expanded data for
each land use stratum can then be summed to arrive at
estimates for a province, or the entire country.

(see Figure 7)
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selected m I
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at 20

510 segments

11 segments
selected in
sample

<F——-——___360 segments

8 segments
selected in
sample

Stratum 10

870 total segments

19 segments in
sample

Stratum 41
180 total sepments

3 segments 1in
sample

Figure 7 - Example of expanding wheat acreage found in sample segments by

enumerators to stratum levels for province.

Stratum 10 expansion

Number of wheat acres found by enumerators in sample segments multiplied by
870/19 = total wheat acres for stratum 10 in province.

Stratum 41 expansion

Number of wheat acres found by enumerators in sample segments multiplied by
180/3 = total wheat acres for stratum 41 in province.



1.

3.

HOW ARE THE DATA TO BE PROCESBED AND TRANSMITTED?

Acreage data collected by enumerators will be manually
edited, keyentered by computer specialists, re-edited, and
summarized at the province level.

Each province will have a laboratory for processing
objective measurement raw data collected by enumerators.
This will be manually edited, keyentered, re-edited and
summarized at the province 1level to produce yield
indications from which production estimates can be made.

Provincial estimates of acreage and yield will be prepared
from the summarized data at the province level and approved
at the province level. The estimates will then be
transmitted to FBS in Islamabad.

All provinces will transmit the data to FBS according to a
crops calendar schedule.

FBS will analyze the information submitted by the provinces
and prepare estimates at the National level.



1.

FINAL IMPLEMENTATION

The ASF has been used in seven districts of the Punjab and
sindh Provinces for several yeAars. Existing ASF surveys will
continue in these seven districts until the frame work for
the entire area of the country, using spot satellite
imagery, is completed.

stratification and sampling will be completed in the
Balochistan Province by April 30, 1991. The first survey
will be conducted in this province as soon as field located
segment work is complete.

The ASF project, based on spou satellite imagery, should be
complete and operational for the entire country of Pakistan
by June 1994.



TRAINING DOCUMENT FOR AREA FRAME CONSTRUCTION
USING SFOT IMAGERY

FPrepared by:

The Food Security Management Froject. USAID
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November 30, 1989



TRAINING DOCUMENT FOR AREA FRAME CONSTRUCTION USING SPOT -~ IMAGERY
30 November, 1989

Area Frame Construction With Spot Satellite Imagery

Aren sampling frame (ASI) construction has traditionally Dbecn
completed with aid of nerial photography and topographical maps.
This was true until the mid 1970's in the United States and has
been Lrue until now in the case of Pakistan. Beginning in the mid
1970's the Areca Frame Section of the National Agricultural
statistics Service (NASS) began using satellite imngery as an aid
in tLhe ASF conslruclion process. The imagery was used to outline
atranta blocks which were later delineated vn the aerial photog-
raphy and then transferred to the frame maps. This was all the
imngery dould be used for due to the 80 square meler resolution

of Lhe LAHNDSAT gaatellite.

Sinrting in the early 1980's a second soensor  Was added to the
LANDSAT satellite with 30 square meter resolution. The 30 meter
imagery caused a change in  the NASS area {rame construction
process. Currently tLthe salellite imagery is used as an integral
part of the frame conslruclion process. PhoLo mosaics are no
longer built, All strata Dblocks and primary sampling unit
delineation is made di reclly on the frame wmap. The 30 square
meter resolution sntellite imagery is used for delineation ol the
atrata blocks and many of the primary sampling unit boundaries.
Current aerial photography is then reviewed for areas where
primary gampling unit boundary delineation was not possible ugsing
the combination of Lhe gotellite imagery and the [rame map. The
previous sentlence needs some clarification for Lhe sake of under-
. gltanding the complete use of the satellile Imagery. The frame
maps (county rondlmnps) arc uscd extensively {or boundary gelec-
tion. That is, if 'a rond is on the map Lhe person stratifying is
free to wuse Lhat road for a permanent boundary. Therefore the
perinl photography ia used to identify boundarics of the primary
gampling units where roads eannot be found on Lhe map.

This brings us to The PAKISTAN AREA SAMPLING FRAME and the use of
SPOT satellite imagery. Two differences should be pointed out be-
tween the United States area frame and the Palkistan area gsampling
frame currently under construcltion. The two differences are 1)
the frame maps (topographical maps for Palkistan vs. county maps
fcr the United States) and 2) the satellite imagery (spoT for
pakistan vs. LANDSAT for the United States). Both of these items
have a bearing on the [rame construcltion process.

The topographical maps used by Pakistan give much more detail
than the county maps used in the United Stales. This detail
gives the person gtratifying a much greater ability to identify
permanent boundaries needed for the area sampling frame. The
county maps give only roads as permanent boundaries (including
‘rpilroads) which can be uged wilthout question in the frame con-
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struction process. Other Loundarics such as streams and rivers
(naturnal waterwnys) can not be tLrusted due to changes in walterway
courscs over time., The topographical maps are guperior over the
county maps for the boundary identification process. Pakistan has
many man made waterways, canals and feeder cananls, as well as
other permanent boundaries identified on the t,op()grnphi‘cal maps
which can be used in the boundary delineation process for strata
blocks and primary sampling units. With Pakistan's long history
of irrvigation and land ownership systems, we o cah tLrust Lhe
Lopogruphicul map boundaries. The gatellile imagery will play a
key roll in the detection of land use changes. As an example, a
gntellite. image was reviewaed and compared against the
topographical map. A forest wns noted on the map, while we iden-
tified the nren as barren soil on the SpPOT imagery. The imagery
has shown a land use change gince the topographical map was pub-

lished.

The seccond item noted above as being different from the United
Stntes was the type of satellite imagery. As noted, Pakistan will
use SPOT imagery with 20 square meter resolution compared to the
30 square meter LANDSAT imagery used in the United States. The
SpOT imagery's increased resolution will give Lhe person
atratifying more information as compared to LANDSAT. This in-
creased resolution will enable the person stratifying do a better
job identifying the intensity of cultivation, resulting in a
atntistically more efficient {rame. N

~This brings us to Lhe changes in the ASF construction process
from PHASE I to PHASE 1T, The strata boundaries and primary sam-
pling unit boundaries will be delineated on the frame map without
first being marked on acrial photogrnphy or sntellite imagery.
Boundary selection «will be the same as in Phase I for the strata
blocks and primary sampling units. The difference 1is that the
topographical map will be relied on heavily for gelection of the
boundaries. It should be noted that the satellite imagery should
at.ill be reviewed for as many boundaries as possible. lfowever the
sntellite imagery's f[irst purpose ig identiflication of the cor-
rect strata for the primary sampling units.

The last point that nceds to be addressed is scale of imagery.
What scale of satellite imagery should be used? The answer is Lthe
scnle which the Slatistical Officers fcel most comfortable using.
This brings us to the point that there are three operational
methods and one method being researched  in  Lhe United States
currently for working with the satellite imagery. The three
operational methods are: 1) A direct side by side viewing of the
gatellite imngery and Lhe frame map. 2) The {rame map is made
into n transparency and is overlaid on the inmngery. Boundaries
are drawn on the transparency and latter transferred Lo the frame
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map. 3) The satellite imngery is projecled on the [rame map using
Lthe zoom transfoer scope. [Each of the three methods have advan-
tngea and disadvanlages. Ench of the three melhods require  dif-
forent,. scale  imngery. The method being rescarched displays Lthe
SPoT digital data on a screen and stratificalion is completed on
the screen.

The direct side by side viewing is Lhe “traditional” method of
frame construction and requires as large ol scale imagery as pos-s
sible,

The scceond method of creating an overlay and placing it., on the
frame map is used primarily for delineating the slralna blocks and
some of the primary sampl ing unitl  boundaries using roads on
county maps.  This method usecs scales of 1:100,000 and 1:250,000,
(rf 1:250,000 or 1:100,000 senloe imagery is uscd ¢grids should be
developed at the scale of the satellite imagery Lo measure Lhe
nmount., of cultivated land in any questionable primary gampl ing
units Lo ensure the primary sampling unit is assigned Lo the cor-

rect strata,

The zoom transler scope can be used during delineation of strata
blocks and primary sampling units, One of the most important ad-
vanlages of Lhe zoom Lransfer scope is Lhe ability Lo aceurntely
record changes directly onlo Lhe frame map. Since the zoom trans-
fer  scope progecls bthe antellile image onto Lhe map, changes in
river courses, new highways, ote.  can be placed nccurately onlo
Lthe map ensuring correel measurements for primavy sampling units.
Note, the measurement. of primary sampling unils affect the prob-
ahility assigned Lo the primary sampling units and thus affect
Lhe statistical properties of the frame.

Review of $POT Imagery
Goeneranl

The SPOoT  images . are prinled in the standard false colors. The
SpPoT band 1 is printed in bluc, band 2 is printed in green, and
bond 3 is printed in red. and 2 is bLest for showing roads and
bare soils. Band 2 heighlens the contrast bebween vegetated and
non-vegetated areas. Band 3 is Lhe near-infrared band which is
printed in red. This band, band 3, helps evaluante plant matter
quantity and vigor of vegetation. It separates water bodies from
vegetation., Tt is not as offective ns band 2 for road detection.

geveral jtems about the images should be kept in mind. The color
tones in each image are made up of two diflferent components.

3
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Firat, the colors are a product of the three different  bands.
Since the bands ave diflerent shades of bluce, groen, and roed,
these three colors inleract Lo produce the color on the negative.
The second item Lo remember is Lhal Lhe printing process greally
affects  the final image color hues. This point was brought oul
from the test scenes vhich SUPARCO provided. The Lwo scenes were
from the same location, same sensor and same date, thal is, only

ditferent prints of the same imange. One imnge uns almost impos-"~

sible Lo work vith because of the blue tinl ol the scene, while
{he second scene had Lhe red hue and was easy o work with.

Theve are many ilems Lhat can make a diflference on Lhe scene  ap-
pearance., A Tisl of items would include Lime ol yvear ( different
gun elevations), amount of moisture in Lhe soil and slage of crop
development . The scenes have been ordered to insure Lhe crops nre
in the maximum growth stage. The other items  are not control-
Iahle, howvever they do affect the appearance of the scene.

Ad notod above the actunl printing of the images aflfect Lhe use-
fulness of the prints.  Also it should be noted that the printing
process is somewhal ol an arl. Suparco should receive feedback on
the  usefulness of  Lhe prints and be aporiscd of any ncecessary

changes in printing.
. BASIC IMAGE CHARACTERISTICS - Color

Keeping in mind Lhe above discussion on how printing alfecls the
color hues the following information ig given.

WATER
Walter appears  blue to black. The cleaner and deeper the water,

the darler Lhe blue |(:ol()r. Lighter colors nre usually Lhe resultls
of high Lurbidity, not due to Lemperature.

CITIES AND OTHER URBAN AREAS

Cities and oLher urban areas appear Light bluc - gray Lo bright
bBlur. Concrete is usually whilte ovr very Lisght blue. Asphalt is
very dark blue or b Inck. Thereforn, ronds can appear from black

to white depending il the road ia concrete or asphalt. It should
bre noted that Lhe cities will probably appeav o Lighter Dblne -
gray in Pakistan due Lo Lhe concrele construction. Homes with as-
phntt shingles as in Lhe U.S. vould appear n dinker color.

C1.0UDS
Clouds are uvhite. The clowls shndows should be black, and have
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the same shape as Lhe clouds they are next Lo Distance L{rom the
(:lmuls: to their respeclive she Wows  should be similar for all
clouds in the scene. The sun ]()():ll;n(m for Pakistan in relalion Lo
the satellite should be in the cast Lo southeast. The cloud
shiadows  should  be locnted on the west Lo northwest side of the
cloud. Be carvefully in identifying clouds, they should appear
similnr Lo the salted oul (saline) soil areas.

BARE SOILLS

Soil colors  vary greatly. They can be shades of green, 21y,
e, brown, or white, Moisl soils are darher Lhan dry soils.
Bare rock is olten Lrighter than more deve Loped soils. The sal Led
oul. soils will appear almost white, willh a Llue - gray hue.

VEGETATTON

Ae noted eavlier groving vegelalion reflecls in the near inrrared
band vhich is printed in red.  Heneo, growing vegetalion appears
ne red.  The brighter the red Lhe hardier {(more dense and

vigorons) the vegetabion.

COLOR VARTANTTONS

in nddition Lo the color ariations naoted in Lhe printing
process, color var intion can occur due Lo recent, rainfall. Recent
rainfnlls in a dry per iod will make solls darker  (moister) and
vesotntion redder (greener). This means no single color key will
work for all scenes, for all dates,

I1. Native Vegolalion

Very large areas lacking obvious ficld patlerns are likely
to. bhe nntive vegetation, Color and texture will be similar
thronghout the arcea, Lut. close inspection wi 1] usually reveal a

aomewhat mottled appenrance.

AL Harshes - Marshes are found in lowlands, along streams and
rivers. They generaily appea r_decep,  darl red. A red vege tat.ion
ajpnature is  mixed with o dark waler signature to produce a
darker color than that of dry land vege tation. Areas with a
denge Lrec canopy  will nm)t-'w brighter red (1 ike a forest),
mottled with deeper red mars ch signatures. Saltl_marshe s_and_land

quently  inun s‘_’!_‘if_(l__,(,.‘i!?_L.J_-:&ll.‘,!_-. ) will be very dark, with very

freg
little red.

B. Forests_and_Brush land - lores sts__ also_appear red in summel.
In arens of sufli cienl r.'nnf(_\l.l, forests will Dbe found in
5
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uplands and  mountains. Terrain often makes these arcas
unsuitable for agriculture, unless population pressure s Targe
cnough Lo press marginal land into cultivation. In more nrid
regions, foreats are limited to stream valleys where moisture is
nvailable. nrush land is usunlly found in sub-climax ccosyslems
(like abandoned ficlds) or ot the Cringes ol forests in arid
regions, where moisture is not sufficient forv treos.,

Foresls appear a deep red due Lo shadows  from  tall Lrees,

Fvergreen  faresbts moy be distinguished from deciduous {fforests by

laonking [or "green-up”  (Lurning red) ol tLhe deciduous Lrees” in
the  wpring, Crergreen  lLrees should appear red throughout, the
vinter, docidiaons trees vill be gray-brouvn alter leaves drop in
the fall. NOTE: 1 an everdgreen undergrowth is present (mountanin
tanrel, cte.), there  will shill be some red in Lhe winter,
Hovever, it should nol be as bright as a summer red.

Yntural stands of trees should have n mol tled  appearance,

Shadee from lardge treesg suppressces rrowth of new Lroes, resul ting
in n Jarge crotn, surrounded hy less densce voselation. As large
t‘l‘()\-‘lll‘(] troes die, growth of surrounding vepelation increcasces.

Thia creates nomottled appenrance.

Extremely dense, bhomogencous red loresls in smaller _arcas
nre  possible tree crops. Tt is unl 11((\1 v cuch na homogeneous
testure wonld ocour without some kind of o ull ivation. These
trees  may  oilher shade crops batow (coffee), or produce fruoit

(hananas) .

r. Grassliands - Prairics amd grasslands  arve usually Llab oov
relling areas in regions too arid for a climn: forest to develop.
Granss should also  appoe red in summer, It not as dark ns
forests (due to forest shade). Malive grassces  should have o
appearanee simitar Lo cullivated crops such as vheat, oals, and
barley. Theee coulbivated crops  will he  Dbrighter due Lo
fertiliont inn, irrigalion, and  pesticide use  to increasoe
productivils They will also show a soil signature somelime

during the 5(»:11', in preparation for planting. mimproved paslure
will appenr much the same as nalive grasses.

fmproved pasture includes those [lields fertilized - or
irrignted, and  Lhose planted to hay crops lforv fornga. These
improved pastures will be a brighter red Lthan unimproved  pns sture
and native grasstand. flny may he planted for forage, or 1L may
he cut and baled. Hay is green vhen cutb, it. should have - no
ripening signnture hefore havvest

D. Neaches = Beach sand appears_bright white. Dune vegelalion
{dune grass, arn onts. cte.) appear motlled browns and reds. Few
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cullivated crops are sufficiently salt tolerant to grow in these
nreng, Arens further in from the ocean wil 1 supportl growth ol
pines, nppearing red and mottled red brown.

11t Crops

AL Basic Crop_vs. _Hou-Crop - Crops can be distinguished
from non-crops by Lhe following:

1. Field Patterns - CulLivated arens shous [ield patterns
extremely well, compared to native vegetation., However, field
airzes cnn be deceiving, many small fields separated by narrow,

dirt trails may appear similar Lo large fields.

2. Planting - A soil signature should be present at least
once  during  the year, i f  an annual crop is planted. Soil
sipgnnture should be wvisible from field preparation before
plaonting, Lhrough planting, until plants have emergoed

sufficiently Lo obscure Lhe goil signanture.

3. Crop__Development - Annual crops have different
signntures ns Lhey grow, ripen, and are harvested.

B. Crop _Development.

Most, nnnunl  crops go through the same 7 stages from soil
preparation to harvest. The colors fovr the stages vety from crop
to crop; due Lo physical chnrnetleristics of Lhe plant, cul turnl
practices, soil Lypes, physieal and climatic condilions, Also,
colors for cench slage very for Lhe same crop in different
localions on. Lhe same scenac. lHow healthy a crop is will affect
ita physical appearnnce, giving n dilferent signnture.

Those factors which affect Lhe signatures of soil and native
vegertalion can  also  very the signatures of crops in different
atngea of Lheir developmenl.

Thease 7 sbages nre!

1. Mowing: Field work in preparation for planting resulls in
n dark_soil signalture. Freshly plowed soil will be moisture Lhan
aoil which hag been exposed to Lhe sun for several days. Most .

fieclds nre ploved somelime before planting.

2. Pre-Fmergence:  The plant  is beginn ing to emerge from Lhe
aoil. The appearance is still n soil signature, but lighter
than that of fresh ploving. The plant has nol developed enough

lenves Lo obscure the soil signature.
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3. Emergence_- The plants are now getting taller, spreading
out ., The result is a mixture of soil and plant signatures. The
color is usually a pink_or tan. As leaves spread out into a

canopy over the soil, the soil signature will disappenr.

4, Growing - Healthy, growing plants reflect photo-infrared.
All crops nre some_shade of red when in their prime. The bright
reds ave_mosl_common. Variations in color can  be due Lo row
apncing, crop height (shadows cause n darker red), health of

the plant, rainfall, ete.

5. Ripening - As crops ripen, growth begins to decrease._Some
(_)lf(_)_[)_5___):9_]__1_(_)‘;1__&;‘;7___t_,_}_l_Q)'V___[;‘i pen, some drop Lheir leaves; Lthe result
is a decreage in_the_red colon. In addition, the dead leaves

add n bright _tan _color, and coil signatures may also become
vigible ngain. A mottled appearance develops as the red color
decreases.  Tho ripe crop signature will vary depending on the
underlying soil and the amount ol' soil showing.

6. Dend _Ripe - When the crop is standing dead ripe in the
field, ik r_l'g_)__»l(_);_\ge_rr__l_\_g_.q_g___[;g(_l___s__i_gﬂ_‘lgy_gg. 1. hns lost all its

green lenves, and refllects no photo-infrared. The appearance is
a mixture of soil and dead vegetabtion signalures.

7. Harvest - The color of the harvest and post-harvest

signatures depend a great deal on the local cultural harvesting

°n

practices. A light Lan_to gray_or while signalure will result if
ﬁlﬂhhl&_"“Ud_"Sﬁﬂlki,mQEJiﬁﬂX9$‘%Fg_lQEL,SLRQUU_Dlgﬁ_ﬁiﬁlgﬁ_ﬂﬂtgl
horvest., Wheat is n good example of a crop with a white post -
harvest signature ( in the U.S.) because Lthe astraw is scattered
over Yhe soil and the soils ave usually a lighter color soil. 11
n [Ilﬂi_!lﬂiﬂlp:}»_l_‘_{\H)_()[I!lL____Q‘E‘_(_.l(_)_i_\_(nl_|’2l_i_\l_l_»l;_l!)_l}_(,};__[:_if}_l._ is left in the fields.
The  soil signalures will be more dominant.

Affter harvest, fields may be replanted with another crop
planted to hay or other ground cover, or simply left idle
Posl-hnrves!l stubble may be plowed under, or Lhe stubble may b
JofL standing to be grazed by caltle,

V. Some Specific Crops

AL Wheat - The lollowing arve "Bob Payne's Colors for Wheat'.

Plowing - Brown (Soil)

Pre-Emergence- Light green Lo white

Growing - Deep red
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Ripening - A yellowing green, EUOW ing greencer
Dead Ripe - Dbarl_ green_or olive
Harvested - white or lighl tan _Lo gray

Winter wheat is casy to separate [rom summer crops by its harvest
date. partially harvested ficlds are easily identified during
the harvest season.

IL is noi possible to scparale wheat from barely with visual
annlyais  of  LANDSAT. Onls will nlso be very gimilar in
nppearance.

Neceause  of Lheir respective growing scnsons, wheat can beé
rotated with soybeans in the same field during one year. This is

practiced n great. deal in Lhe major soybenn area of Brazil. 1ln
thia naren, the post harves! stubble of the wheant crop is not
ploved under after Lhe harvest., Soybenns are  planted directly

into the wheat stubble. Since some dond whent straw is still on
the fields during planting, Lhe soil signature may not appear as
dark ns would be expected.

B. Soybenns - Soybeans are groun on bushy plants. The beans
form in pods hanging from the plant. They are grown in larger,
fintter fields like those ol whentl, Soybeans are harveslted by

combine.

C. Corn_=- Corn signatures are n lso much like those of wheat,
and of soyvbenans., Because corn p lants are taller than soy plants,
the shadows give Corn_ a darker red_during the growing scason.

Post-linrvest signatures for corn can vary. 1 L__]lg__stubbl.g___i_g
gnthered for_silage, _Llhe posl-hurvesl signature_should be a soll
aignnture. 10 the_ stubble is lell in_ the field for grazing, the
gignature_will be lighter, ge LLing _progressivel y_more like that
of n soil, signature as Lhe stubble is eanlen. Looking at harvest

dntes may help identify corn.

D. Rice -Rice requires fresh_waler [lor irrigation to f{lood the
fields. Fields mugst be flat (or terraced) to hold the water. Good
growth requires high Lemperatures in the growing season. Flooded
fields nre drained before harvesi.

Rice fields _should appear _dark ( water)_ _in_pre-emergence.

!_)'.\rk.-...s_i_gnr;_t,u_l;gs-_i‘_x“_o_m_‘_v.a.t._r;.r_ﬂ_i.L_l_bg.._s_ghg_ued when_a canopy of rice
plants_covers the waler. As ihe flooded fields arc drained before
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harveat, the plants should Lake on a _l.):[_)_i_g_:}_l__!';i_l)’:‘;_»(,j;'_QAI)-__.H.'_'Lgl_l_.'_l_l_,\_lyl‘_!_g__._
Typienl _havvesting _apd _post-harves!l  signaluveg  can dlso  be

expeeted,

. Tobacco -  Tobneco i8 Timited Lo small rield sizes, OF all
tobaceo Fields, 95% are planted 1 rows, skip | row., In addition,
tobneco cnn nlso be in alternating strips with other crops in the
aame field. The resull will be molttled appearance. Flue cured and
cigar  wrapper  Lobaccos oarve haorvested by cutting  the leaves
individually as Lhey ripen. The rved _growing signature _should
become  fainter as the leaves individually ripen and are picked.
Other Lobneco are harvesLed by cubtting the stalk and removing all
(he lenves at once.  Post-harvest will show a_ soll _signatuvre,

since there is no dead vegelation covering the soil.

ize of collon plants depends upon the climale.
ons, cot.Llon plants grow into lavrge bushes. AL
of the Cotton Belt, the plants are mrich

F. Cotton - The s
In.tropical conditi
the northern odge
smaller.

c Tree Crops - Bananas, and olher broadleaf
evergreen Lree crops, will appear much like ULhat of coffee groun
under  shade. An exbtremely oven texture and homogeneous color
usunlly indieate some form of cullivaltion, ns native vegoelalion
would hnve a more mottled appearance. Such trge crop would be
vory difficull to separnte from one anolher.’” '

b, Bananng, _and_Ocher T
i

Jt. may be possible to locale deciduous orchards and citrus crfops
by looking for rows of troees. 1f grass is planted belween rows of
lrees, winter scenes  should atill show some pinlk signatures,
wilh leaf less bLines appearing as darker spols in rows in Lhe
pink fields.

1]
V. On_Being An nalyst

A Think _like _an__analyst. (Make others think you know what
you're talking about).

When trying to identify land use, think aboul what lesc‘

crops look tike on the ground. How dense is tLhe canopy over the
ground? ls the soil visible between rovws? Consider factors
which may aller the tLypical signaltures for Lhe different stages
of the crop. Gnther as much ancillary data as possible. Such
dnta should include:

- Cultural information on how the crops are planted and
harvested.

- Country crop data Lelling how much of which erops are grown
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in an arean.

- Crop calendar showing the planting and harvesting dates of
nll crops in the area.

- Generanl climatic data for the dates of scones being gstudied.
This will tell jou which way to shift the crop cnlendar dates as
n result of loenl weather.

- Topographic data showving general elevations and relief.

Suspected "soil"” signitures often appenr as small villages on
topographical mops. The satellite imagery will help you identify
changes in the Lopographical maps.

I1



SIRATA DEFINITIONS FOR FARTISTAN AREL SOMPLING FRAME

SIRATUN 10

STRATUM 20

SIRNITUM 3.

SIRATU 52

STRNATUM 41

Intensive Noricul Lure. 60 to 10O Cultivated.

This stratum includes land areas which are &0 Lo
100% caltivated at any time during the year. The
minimum hlock size delineated will  be 1 sguare
Bilometor. Delineation  and  shading will be in
FLURFLE .

Extensive Aoriculbure, 30 to H59% Cultivated.

This stratum includes tand areas which are 20 to
=9 cul Ll vared. Include land thiab 1o rultivated at

any time dwring the yer. The miniman size bleock
tdelincated will be 2 sguare Bilometers. Delinea-

Lion and shading will be in

1 to 29% Cultivated, and/or Fasture.

This obratum  includes  land areas which are 1 to

297 cul bivated. Include land that is cultivated
at any Lime duwing the year. This shratum also in-
cludes pastw e or  orazing  Lands. The minimum
block size s O square kilomehbors. Dalineation

and shading will be in ORANGE.
River Hed

This stratum is  the land  wea where the water

course of the Fiver has changed  over  time. Ihis
area of land is subject to floodinag. fhe shrabum
501l pabtterns  are clearly dist: nct  from the

srounding  arca  when  viewed on the satellite im=
agery. Uften an embanbment i present  on both
sideg of Lthe stratum. The minimum block size is &
square kilimeters.  Delineation is in ORANGE  and
shading is in DARE. LU,

Land Mot Suitable for Cultivation or Masture

This stratum incluies areas which are not suitable
for agriculture or pasture, such as deserts, high

mountains, national parks, harren escarpments,
glaciers, or any other totally barren areas. The
minimun  blocl size s 2 GOUAre ilomelers.

Delineation and shading will be in BROWN.

\:)
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STRATUM 42

SIRATUI 51

SIRATUM 52

GIRATUR 61

SHRNTUM 62

lLand Reserved for National Security

This stratum  includes  areas  which  have  bheen
reserved  for  socurity purposes that ~ include
military installations, restricted border areas,

or any other areas where gsampling 1s prohibited.
The minimum size bLlock s & sguare kilomebers.
Delineation will be in BROWN, and shadinag will be,
BRIGHT__GREEN. '

Urban Areas

This sbtratum includes city centers, commercial
conters,  office complexes, and obherr urban areas
where no aoricultuwre or livestock i1s exrpected.

he mi.nimum block wize will be 0.2 sguare
ilometber. Pelineation and shading will be 1in
GREEN.

Villages and Other fgri-Urban areas

this stratum includes  urban areas that may have

agricul bture or livestocok presenk. Nlso inclbded

ig the perimeter area of Laraor cities, villages,
and concentrations of ten orwnore’ residences which
may nobt be associabed wi th a village. The minimumnm
hloclk size is 0.2 sguare kiloweter. Delineation
will be BREEN and shading will be in QRONGE.

Forests or Concenlrations of Large Trees

This stratum includes forests, woonds, or any
othey  large concenkrations of  trees or timber.
Orchards are ercluded. The minimum Dblocl slze
will be 2 sguare Bilomneters. I'»lineatbion will be

in BREEN, and shading will be o YELLUW.

Orchards or Other Concenbrations  of Tree Grown
Crops

This stratum includes land occupied by orchards
where tree grown fruit or nubts are produced. Tim—

ber plantations should be encluded. The minimum
block aize will be 1 sguare kilometer. Delinea-

and shading will be in

tion will be in GREEN
BIUIGHT GREEN.

b
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STRATUM 70

Water

includes any body of water which is

This stratum

completely surrounded by land. Such as lakes,
reservoira. Large rivers will be included, but
smaller streams will be ercluded. The minimum

size will be 1 sguare kilometer. NDelinea- -

block
be in BLUE.

tion and shading will

\l



