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I. 	 INTRODUCTION. 

In agrarian nations throughout t'.e ,:orld, reformthe agrarian movemient 

has blossomed within the last decade. In Latin erica part-cula rly, it is 

closely related and is almost inseparable from the rural developrent process. 

Althourh initiated more than half a century ago in Mexico, the agrarian 

moveent has spread to include the majority of Latin American nations today. 

Agrarian reform as we know1 it today has been systematized and organized
 

whereby it can no longer be locked upon as the taking of land from the rich 

and giving it to the poor. Specifically the purpose of lhaving an agrarian 

reform is to increase the productivity of the land, establ.sh a more
 

justified method of taxation, and per;-it those persons actu.ally cngaged in
 

the use of the land to reap the benefits of theIr labor.
 

Without attempting to define arrarian reform, its 
success in some 

countries, or lack of success in other ccuntries (topics which are to be 

discussed by others), thle close relationship of a sound agrarian reform 

program to the cadaster should be stressed. A cadaster is the public record , 

survey or map of the value, extent and ownership of land which is used as a 

basis for taxation. Consenuently, an orderly agrarian reform whic: would 

reimburse owners of confiscated lands aould rely heavily on the existing 

cadaster and tax assessment.
 

II. 	THE RELATIONlSHIP OF THE CADASTER TC ACRARTAN REF0R1[. 

An agrarian reform program without a cadaster would be of extremely 

limited value. Th.e agrarian progran, to have much neaning, shlould include 

various cadastral facets: 1) property identification; 2) property titling;
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5) rescurce inventory; and 4) tax reassessnent. To omit any one of these 

ccrponent stages would seriously limit the chances of success of an agrarian 

reform, project. And, only upon the coipletion of these facets can a sound 

resultsadmin.strative program be established thatmaylead to positive fiscal 

und hopefully to local political stability as well.
 

Since agrarian reform activities usually pertain to rural area, the
 

cadastral surveys considered in this paper will be rural cadasters. While
 

theyurban cadasters are also urgently needed in Latin knerica, are easier to 

:cndle in t'iat ubran rroporties are r;nore accessible, are smaller in size, can 

In rural areas propertyreadily be neacured, and are usually better recorded. 

owncrshin ic f reocently 'hrd to estabi!sh. Absentee landowners frequently 

or the nation's capital. .apping or aerial 7hoto coveragelive in the tcuns 

of rirol areas is frcqLeritly nonxistant or has been done at inadequate 

sc iles. Land values of rural areas are also more difficult to establish since 

actual production .ields should be distinL-uished from potential production. 

Conoeuently, urban cadastcrs, which require thedearcation of major tracts 

ol , w c. require no inventory of natural resources, and which frequently 

havc 6ettmr title records, will not bc related to the agrarian reform movement 

in this paper. 

In many rural areas in Latin America, simple property surveys also do 

not exist. In others, they ,,ay exist but ownership data are lacking or are 

in conflict with tax assess,..cnt authorities. In other countries, such as 

:.ore accessible provinces with11ondurac, select areac are ta::ecd, usually the 

urban c nters, while otho.r lese acceosible nortions of the country are not. 

3ot of the most recent cadastral pro,;r=s, one in Panar-, and the other in 

Chile, 'h;ave illustratu'.1le fact t'.>nt .ony propcrties were not registered 

at all, and thct other prcpert-es were much larger than the size for which 
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wereThey were assessed. It riight also be added thlt rany others smoller than 

their assenssc 0i.c. 

Tr- >~t int~t~r~ c c~e in s4,e. on6 s: .nr betu..con the,, 

sa:2e property taxed before nnd after te co:'ipletion of a cadatt,r t'ie two 

following mars :,ay be rev.cv-:cd. '::aT shect (L-.iina) I dea:nrcates yroportier 

ans. ::sp (La ,ina) II :o'osinaccurately based on local rropert.y skoetc. 

property boundaries a~s they actually are, utili.'iri the serial plo to base 

vith field survy prcporty checks !-ode by exper'inccd photo interpreter 

technicians chec:ing the actual property on the -,round with the ouner. Some 

lots have been shaded for identification nurposes. 

'::ve in rcnerul been dciedThe govcrniwents, over the course of decodcs, 

revenue from the taxes of thousends cf icctcres of privately oned 1r,,rty. 

Fjrther:zre, it lin s bcon reorted tht Chile hand recouped w4,.n a -er[vd (f 

survey byfour t.e Pin.rcThnds It '.cd c::-ondod in carr.y-ing out te cadostral 

collecting additional revenues cf asseszcd land. preI-:. .,nry Indf.cot ons 

are that Panan:a wtill exper cnce a sii-ilar sit-nat:'n, aithour',thIr ,;urvey 

has only bea-icczpleted recntly. 

III. 11'HAT IS A CADASTRAL SURVEY. 

and the ,::cc:an"cs carried outA cadastral survey is the invcstigetion 

fcr the purp"cse cf :.!:ing a cadcstcr. There ore basically two h,:.,nds of 

the Legal Cadoster. The fie,::cal cadastercadasters: the Fiscal Cadaster and 

is the inventory of property for tax assess:ent pure-oses. The legal cadnster 

is the inventory of property for lend refistration purroses end for aking 

legal transactions concern'ig the lond; ccnse.'uently is 1s usually .iore 

the use of the landcadaster. The definition as toaccurate than the fiscal 

as well as subsurfaceleral cadastcr. Surf'co ,teris also a nort of the 

mineral rights mray be cxcluded or ;eopt separcte fro.i thewater rights or 
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various projects such as those mentioned previcusly for Chile and Pana-.a 

may be ruoted, but no comporison many be rade between the-' because of the 

differences in criteria between the projects and the differences of existing.
 

base data and geodetic control between the respective countries. The Chilcan
 

wee
"OAS/Chile Acrophotop.rao-netric Project,"project, hovever, called the 

well publicized and experinental in the sense that it atteuted to carry 

out a fiscal cadaster in a mlinimum of tirze due to urgoncies related to a 

national disaster, the Chilean earthquake of 1960. Because several inter­

national agencies and many nations were involved in this project, possibly 

more is known about the fundin, to sponsor the survey as well as onit nrice 

costs than similar operations elsewhere. 

To put the cadaster in its proper settin:,, a brief sur:m.,r\,' of the 

project will be presented. In lte ',:ay, lc(O, a nurnber of eartnuas:es -:nd 

tidal ,aves destrcyed uch of the infrastructure of th,,e southern Contral 

Valley of Chile. Several million people and one-fourti of the notion'S area 

waere affected by the seisn.ic disturbances. Feconstructicn of the devastated 

areas was started al:ost imi.ediately with the ass'st.nce of foreign aid and 

a number of international organizaticns. :.:an.,, national Chilean ogenccs 

were also involved in rehabilitatjn the area. 

mtric Project" initiated its operations 

to obtain up-to-date aerial photo'ranhy and rround centrol, the govcrn:nent 

requested a cadastral survey and studies of agricultural land use end land 

capabilities in order to deter:line real property vvlues for tax assesc'nent 

purposes. The project was accepted by the OAS in July, 19(1, and wa 

:ore than 12 nill'on hectares of nrricultiral
 

Although the "CAS/Chile Photogra .­

completed by December, 19(3. 


land were evaluated in less than thirty months, nore than 270 Chilean 

technicians .orked with the project as well as slxAty ptersons contracted by 
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the OAS. A consor lum of four com-ercial firms from the United States and 

Canada supervised and directed the project.
 

In referring to the state of the public treasury and in particilar to
 

the real estate tax on rural property, the President of Chile, in an opening
 

message to Congress, stated:
 

The defectiveness of this tax resides in the lack of basic information
 

available for scientifically determining the value of each individual
 

property. In order to resolve this problem, the Government has drafted
 

a work program that includes the following meauures:
 
a) Aerial photography at a scale of l:20,00*will be taken of all
 

the agricultu'ral land in the country. This will serve as a basis for
 

the preparation of a mosaic in which each square centimenter of photography
 

will equal four hectares of land.
 

b) With the help of ownership titles, the boundaries of each
 

property will be marked on the mosaic, t.us making it possible to know
 

its exAct size.
 

c) Analysis of the photographs and firsthand observations at the
 

site will make it possible to determine the type of agricultural Ise to
 

which each property is being put and to inventory the areas being used
 

for permanent and shifting cultivation. In addition to providing exact
 

information on types and ccmposition of soils, water, and other resources,
 

these studies will point to better means cf utilizing them.
 

The aim of this program is to complete a rural property cadaster 
within the present year covering an area o' P.pproximately 120,00C equare
 

kilometers. During the first quarter of l"62, soil use surveys of the 

same srea will be made, and in the following -,ear the classification 

of soils according to their type, composition, and productive capability 

will also be comrleted. 

The data supplied by the foregoing surveys will be used in carrying
 

out a "policy of development and agrarian reform' on an appropriate
 

technical basis, which would include the followingr activities:
 

1) Furnishing to farmers, especially small landholders, all the
 

basic technical information needed on the proper exploitation of their
 

land.
 

2) Planning of a policy to encourage subdivision of land into units
 

that would ensure efficient utilization and facilitate colonization
 

programs.
 

3) Planning and completion of roads and irrigation works and carry­
ing out of an effective soil ccnservation policy.
 

4) Precise scientific evoluation of properties as a bsis for a
 

*1Map scales are presented in proportions. In this case one part on the
 

photograph (or map) represents 2C,000 parts on the ground. Aerial photographs
 
and maps used for cadastral purposes normally range from 1:5000 to 1:25,000
 

in scale with 1:5000 being among the larger scales and employed more frequently
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tax that itculd ccntribute effectively to better land utilization, 
,provid~nr an incentive to progressive fari:iers and penalizing those who
 
-do not .make full use of their land. For this purpose, necez-ary chanres 
in the laws will be proposed, maintaining the present criterion, however, 
that taxation of agricultural real estate be based on the real vclue of 
unim.proved basic property. In addition, inc,'.eie tax incentives will be
 
proposed to induce the fsrrier tc make invest ents related to better land 
utilizati cn. 

The total cost of project operations amounted to the equivalent of 

$5,590,000. Although this sum may appear at first to be high, it is well to 

point out that if conventional field methods had been used for such an 

operation it would have been necessary to employ an even larger staff of 

professional and technical personnel for a period of from 20 to 30 years, 

which in the end would have resulted in a cost four or five tires greeter 

than the actual total for the project. I.'oreover, the value of the benefits 

this investment has already provided and of those which will be forthco.ing 

in the future far exceeds the amount in question. 

The OAS financed from its Chile Special Aid Fund, for a total of $550,000,
 

the following operations of the projects a) all of the aerial photography taken 

at 1:50,000 and 110,000, and a considerable part of the photography taken 

at 1t20,00; b) ground control operations; c) topographic mapping of a number 

of cities; and d) preliminary technical assistance missions, as well as 

administration and supervision of the project. 

From a tax on bottled gas the government collected the equivalent of 

$600,000 in revenue, with which the following operations were financed: 

a) preparation of the photcmosaies used in the project; b) rural cadaster 

and property identification; ond c) collection of data on present land use. 

';ith annual appropristions in the national budget totaling the equivalent of 

* This section on project cost fi.-ures was taken from the Pan American 
Union publication Agricultural Land Inventory Techniques by Luis Vera 
(Washinrton, D. C., 1964);and unit cost figures were taken from the Pan 
American Union publication Physical Resource Investigations for Economic 
Development (Washington, D. C., 19691. 
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$l,830,000, the government covered the expenses of offices and field stations,
 

as well as the corresponding service costs; the purchase and maintenance of
 

motor vehicles; transportation, per diem, overtime, and social security for
 

Chilean technical and professional nersonnel; and wages and benefits for
 

craftsmen, drivers, surveyors, and assistants.
 

When the project was initiated, the Chilean Government planned to
 

finance the total cost from its own resources, with the exception of the OAS
 

contribution. However, because of the domestic economic situation, currency
 

devaluation, and the loss of foreign reserves, the government became short
 

of funds and was faced with the dilemma of either stopping the work of the
 

project until the necessary financing could be obtained or continuing to carry
 

it on while negotiating with an international financing agency for the funds
 

needed to complete it. Due to the urgency of the tax reform, the government
 

chose to continue the work of the project without interruption and obtained
 

a loan of 62,100,000 from the Inter-American Development Bank to finance
 

(a) additional aerial photography of the transverse valleys at 1:30,000;
 

b) additional aerial photography at 1:20,000; and c) the agricultural land
 

capability study.
 

The oil exploration studies conducted by the OAS project at the request
 

of the National Petroleum Eterprise (ENAP) included: a) a geological survey;
 

b) a geophysical and aeromagnetic survey; and c) tectolinear analysis of the
 

surface for the purpose of locating subsurface anomalies. The cost of these
 

studies totaled $310,000 and was financed entirely by ENAP.
 

Data processing and analysis operations, as well as some of the economic
 

studies, have not been included in the cost of the project. The United
 

States Agency for International Development (AID) assumed the cost of foreign
 

technical assistance to advise Chilean personnel, and these fiyures have also
 

been excluded from the total figure.
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The project has provided the necessary data to make possible 
an increase
 

in farm production, as well as improved utilization of 
natural forests and
 

forest plantations, more transportation 'acilities, and 
the establishment of
 

use of these prodlcts and 
industries directly and indirectly related to the 

services--all of which will result in greater diversification 
of job
 

opportunities and R reduction in unemployment.
 

was used by the Ten-year
As information was produced by the project it 

Economic and Social Development Plan in the formulation 
of policies for 

various branches of the economy and in the preparation 
of specific projects 

-rograris. Preparation of the raster 
within the framework of its sectoral 

cities and for the area affected by the earthquake was
plans for the 

carried out on the basis of maps produced by the project. 
Reconstruction of
 

the sewerage systems and the laying out of streets 
required the use of
 

In like
 
topographical information derived from the work of the project. 


manner, use has been made of the collected data in the 
preparation of projects
 

for roads and highways, ports, railroads, irrigation 
works, and other
 

public sector enterprises.
 

In estimating the direct contribution of the project 
to the economic and
 

this will depend on the 
social development of Ch:le, it is sugrested tht 

Lat' rod. The results of the application 
use that is made of the inforintmon 

of project data to arrarian and tax refcrr c hE'e indicated 
that the total cost
 

of the project was repaid in a period of four years.
 

As cciplex as was the overall funding of the Chilean project, so too
 

different unit costs. 
were the unit costs. Each phase of the study had 

Property boundaries were located on rectified 1:20,000 
photographs.
 

as much as double the cost of a photograph, but in the 
RFectification can 

case of Chile, much of t is cost could be discounted because the photographs
 



-10­

had to be rectified to produce the controlled mosaic which served as the new
 

basp rap of the area which was changed due to the seismic movement. The 

1:20,000 scale permitted plotting of parcels of cne hectare or larger. In 

minifundia areas, a boundary was drawn around adjacent properties s:.aler 

than she hc'-arc an tic area was ia !!l1'acccrdngly. The maximum error 

per. is3ible was C.1 inch, and errors in areas of !measuredproperty rn-ed 

from 1 to 9 per cent. (The maximum error--KG eters -n the ground--:ould 

only be aprroached in areas of steep featureless topography, while hedge­

rows and fences made the identification of propertl.es of inhabited arniland
 

easy and extremely accurate.
 

Cost of the 1:20,000 photography for the project was $4.10 per square
 

kilometer. IVosaics were prepared at scales of 1:1C0,000, 1:50,COO, and 1:20,000
 

at a total cost slightly over $i,0O per square kilo.:eter. The cost of inapping
 

and valuation of the 170,000 properties was not kept on a deta-led bas's de
 

to the variety of sgencies that supplied the project personnel.
 

In the Pana:.,a pr-ect, the propert-es were located on rronort'onal 

enlsrge-;,-nts of the new pnotorranhy at a scale of 1:10,0CC, pcrnitting the 

plotting of all rural properties, the use of rcctif~ed enlargo-ents being 

reouired for only 7 per cent cf the photo Trarlrs. ;u:aximm silo able error in 

flat ground was 0.1( inch, and errors in areas of properties ;easured in flat 

ground averaged 6 per cent. The accuracy is rerorted to be comparable to 

that of the Chile project. The photography cost about $3.75 per souare 

kilometer, and The enlargements cost an additional $1.00 per square kilometer. 

Of course, it is impossible to make a direct comparison of the two
 

studies since so many factors differed. In the Panama study Fround control
 

already existed, while it had to be establshed in Chile as part of the project.
 

On the other hand, much more detailed property evaluation was made in Panama
 

http:propertl.es


than in Chile. Differences in the size distribution of the properties and
 

ease of access, among other factors, also influence the overall cost. As
 

a result of these variables, cost cf mapping and valuation, excluding the
 

cost of the natural resource inventory, will range between $6 and $13 per
 

parcel.
 

V. HOW IS A CADASTRAL SURVEY tIADE. 

After the basic decision has been mode to make a fiscal or legal cadaster, 

or a ccinbinotion rf the two, te respectve amgerc'es cf the government who 

will be worl:ing in various phases of cadaster should be contacted. A 

general arreerient shoild be reached as re-crds th:e objective of the cadaster, 

of the different agencies, tie criteria to be followed in projectthe imp'it 


execution, the precision reouired should be clearly established and a review
 

of existing tax laws, land laws and natural resource data should be made as 

well as checking local boundaries. A1l too cften the administrative 

boundaries at the second and especially the third order level (equivalent to
 

out ccunty or township boundaries) have not been demarcated with precision,
 

which has led to many boundary and taxation problems in Latin Anerica in the
 

past decade. Such boundaries should all be transferred over from local
 

district surveys to aerial photographs or mosaics where features visible on
 

the photos can be recognized on the land.
 

Following the preliminary reviev of data and agency participation, and
 

recognizing the fact that each project varies from the next, the following
 

procedures are most ccinmonly carried out:
 

a) Aerial photography at recuired scales is taken (to serve as the basis
 

for -aking a :aap) if none is available thast is adequate.
 

b) Photogrammetry and ground control, the mechanics of rectifying and
 

locating the aerial photography must be undertaken.
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c) Photo mosaics should be made and controlled upon which field data are
 

plotted, observations are made, and eventually field checked and coordinated's
 

d) Photo interpretation is done by stereoscopic means to obtain natural
 

resource data, including information on reology, hydrology, goomorphology,
 

soils, land use, end forestry.
 

e) Data analysis may be done by a variety of means: by map superimposition, 

by statistical analysis, or by mechanical or electronic data processing -teOns. 

The end result should be the same. Utilizing the basic natural rescurce data,
 

both quantitative and qualitative, a land capability map should be made.
 

This should then be compared to a map of the existing land use. Differences
 

between the two maps should indicate the value of the lend for agriculture
 

or other uses, especially when reloting data to other facetg of the broad
 

natural resource field (hydrology or forestry for example). It is on this
 

basis that tax assessment should be made.
 

f) Economic data such as the existing land tenure system, the local
 

infrastructure, bridges, rrads, silos, distance to rsrkets, and existing,
 

production yields, etc., ,By be mapped and taken into consideration.
 

g) Property boundaries should be plotted on the mosaics in the field.
 

This can best be done by the stereophotographic interpreter assistng the
 

farmer in locating his property on the mosaic. Training local technicians
 

to interpret aerial photographs is not difficult, and use of local inhab"tants
 

may give confidence to the area's residents and facilitate operations.
 

In summary form the execution of the former steps will provide much of
 

the technical and resource data. In addition to the different types of rural
 

cadasters there are also many related investigations that may be carried
 

out at the same time. An inventory of industries, urban centers, engineering
 

works, transport facilities, and investigat'ons of potulntlcn distribution 
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and migration rates are all closely related to the rural cadaster and may
 

be carried out in a following stage.
 

VI. HOW 1S THE CADASTRAL SURqVEY USED. 

The preceding secticns of the paper dealt primarily with the tecnical
 

aspects of a cadaster: 
the specifid steps from obtaining aer'al photographs
 

to 
 the required resource data tc be able to make a justifiable tax assess­

:ent. The a&ninistrative phase which follows the technical phase is more
 

closely related to property -appin- and registry. In the case of the fiscal
 

cadaster, it ccns3sts 
 cf the assessment and collection of taxes and the 

maintenance of the records concerned with these operations. In the legal 

cadaster it consists of the registration of the land parcels, the maintenance 

of the registers and/or the legal transactions concerning the properties. 

The technical data related to the legal cadaster centers 
on the location of
 

the property, the boundary and the size rather than the quality of the land. 

To describe more specifically how property mappinf and the administrative
 

phase of a cadastral survey is developed, a review may be mrade of the 

Panama project. While emphasis in the Chilean pr-ject centered resourceon 

evaluation, the Panamanian project focused on property assess.',ent. 

Panama's development program centered on their aFrarlan reform. They 

hoped to improve land use, land distribution, and increase agricultural 

efficiency. Enforcement cf rural land taxation has been one of the mast 

critical problems facing econcmic development. Few proprietors were paying 

taxes. Only 10 per cent cf the total rural estates, comprising about 500,000 

hectares were legally owned at the outset of the present program in 1965. 

The remaining national territory, about 7 million hectares (excluding urban
 

areas) was government owned. It included patrimonial, squatter, occupied,
 

idle lands, and forests. The exact site and area of almost all the land under
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or index
legal ownership title was still unknown in 1963, and no master mnap 


of properties existed at all.
 

Several private co=mercial firms were contracted in August 19(4, by
, 


the Government of Panama with the financing of USAID to conduct a property
 

survey and natural rescurces inventory of 59,000 square kilometers of the
 

The property survey entailed the mapping and valuation of 90,000
country. 


rural properties and classifying them in four categories: 1) private lands
 

(registered), 2) occupied lands (without register), 5) government lands, and
 

4) forest and other rovernment land encroachments.
 

The Panama Agrarian Reform Commission was given authority over the
 

resources inventory phase of the project.
cadastral survey and natural 


tax improveu ent phase of the
The "1,inistryof Finance had authority over the 


project.
 

,,as available
Photography flown in 19i5 ot scales of 1:60,000 and 1:30,000 


for almost all of the project area, and topographic maps at 1:50,000 compiled
 

by the Inter-knericsn Geodetic Survey were available for much of the area.
 

The photography was ccmpletely rectified, and mosaics at a scale of 1:5C,000
 

and 1:20,000 were compiled. Where sufficient ground control or topographic
 

coverage was available, the mosaics were fully controlled; otherw;ise they
 

For plotting the properties 1:10,O00 enlarge.ents were
 were se!icontrolled. 

made from the new 1:16,0CO and 1:20,000 photography. Enlarge.ients and reduc­

tions at various scales were made from both the new and old photcgrophy 

4n the other disciplines studied.for photo interpretst-rin 


an six-wee:occurse in photoEach of the registrars was hiven intorncive 

interpretation, locaticn of properties, use of the compass, 
Interviewing,
 

The property ,uapp'ng was conducted
registration of properties and drcftlng. 


by five field parties, each consisting of four or five registrars, including
 



-15­

the party chief. Each man in the party was given :10,000 enlargements on
 

which political subdivisions, cities, towns, and caserios had been marced and
 

identified. The registrar visited each property shown in the delineated
 

central pert of his photograph and, In the company of the property user,
 

walked out the boundary of the propertyprierking the corners on the photograph.
 

He also marked rivers, roads, faro buildinrs, etc., and identified the type
 

of roads for future use in valuation cf the property. When there was a 

doubt about a property boundary, the rergistrar cliecked w:th users of adjacent 

properties. If sone dcubts still renained, an investi.-ctor .. de a lore 

detailed study. Farm properties of less t,.an one hectare were treated 

differently. For large zones of minifundia, the registrar ordered a photo 

enlargenment at a scale of 1:5,COO on which he plotted the properties. For 

isolated small parcels, the registrar pricked the photograph w:ith a needle 

at the property corners and drew the property boundaries cn ti-c rcverse side 

cf the photograph. Each parcel was given o f-Ild identificati n nunlier. 

At the same t~nie, the registrar interviewed the propert," user and filled 

out two forms: a property identificaticn form and a valuation frrm. The 

data on the property ident.ficaticn forn included field property number and 
I, 

photo number; location by provIncia, distrito und corre-iriento; noire, cedula, 

residence, and ti-e of occupancy of the user; identificat'on of each 

boundary line by adjacent owner of the ply~rcal feature t. whhch it corresponded; 

type of tenure; and the oner's estimate of the area of the parcel. Tile 

appraisal form gave information on buildin:rs on the property, provision of 

water, sanitary facilities, and other characteristics used for valuation
 

of improvements on the land. Each registrar :apped and collected data on
 

eight to ten parcels a day.
 

After the above data were collected, the photos were returned to the office,
 

parcels were renumbered with a permanent repistration Identification numhor,
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and the area of each parcel was determined by planizneter. Tracings were made
 

of each photo showing property boundaries and other salient features.
 

The property identification and appraisal forms were coded and sent to a
 

The tracings showing
data processing center for recording on punch cards. 


property locations were reproduced and compiled according to districts
 

an index map for each district was
(third order political subdivisions), and 


made. Finally data on all parcels were recorded in final form in the tax
 

cffice.
 

in Sellingwere established various ways.Tax evaluations of property 

1,ad sold were determinhed, ,nd
prices of so'ne properties which recently been 

the owner's estimate of the value of other sa:ple properties .ras established
 

,3de of land value cn the basis of sales

by intervIew. Estimates were also 


of farm prcducts and production costs. Having arrived at land values by
 

correlating the results cf these methods, a formula was devised for estimating
 

land values on the basis of three paraneters: distance from road, auality of
 

that road, and land capability class. Empirical weights were given to each
 

the-, would
of these parameters so that land value estimates based on 

Cnce these %le-ghtscorrespond to the previously determined land values. 


were established and thoroughly field checked, they wrere used for all 
land 

valuation. Standards were also establ4shed n:'d f.eld checked for the 

valuation of farm structures.
 

The :,ap of a parcel was overlaid on the land carpbility map, and the 

4ncluded in the parcel was deter:mined. The
 
area of each capability class 

distance to it were determined fromclassification of the nearest road and the 

The value of the parcel was then calculateddata collected by the registrar. 


by the formula.
 

rescurce inventory, the survey will provide
In aadition to the natural 
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Panama with a complete record of rural property, including a map of each
 

parcel, a valuation for tax purposes of each parcel and the structures on
 

it, and syster.at1c property registraticn list. All data will bo reccrded
 

on IBN punch cards and turned over to the tax offIce.
 

Laws now ex.st by which the tyste-. of taxation can Je iiple!:nted, 

hut some revisions will be necessary. It has not yret been estoblinhed 

which agency will be responsible for the implerenta-ion, and adinstrative 

reorganization is being c,,nsidered.
 

As regards the relationship of t'is fiscal cadaster to titlin[ of
 

landholdings, a law is now before the Forlia:ment which will reruire the
 

distribution of deeds to the properties before imleenting the ne'. taxes.
 

The photograph on which the propert- is del'ncioted 'ill conctitute the
 

property description and will be distr'buted v:tl the deed. A ;ethod for
 

adjucating proprrty, dlscputes is Tncluced -n the 7roposed ole cr"n 

h'ithout doubt, Pana'a's cadaster 4s one of th:e ,2ost cc:,re enc've fiscal 

cadasters;and when titling 's act 'v,:.ted, it w--l als.c becne of the first 

countr>cs in the .:orld u.ero th," survey accuracy -.- der,,i-'l to rerve as the 

basis cf a leral cadaster as i:ell. 

VII. "7: .. ET*'.CDS FC'fl CAII.' CUT CADASTE-S 

Althcugh 	 cadastral s,-rvc; -:ve traditionally been hosed on tcrrestrial 

has be-n iproved so tre endcusly in the:rjeasur.ents, aerial photoLr'yhy 

2Iowever, inpast two decades that it is being relied on very heavily today. 


selecting the aerial photo base desired for the cadastral survey, :.,.gny
 

" 

variables are i-rese;-t in r ,- ,'-.t, J.e. : "!! )- t 13 : Hr,-r' 

of aircraft, cameras, lens, fil',, 2ltnr, arid 2 rock-,singc'i.vbi}tton 

methods that technical advice regarding the prolect is desirable. There are 

no short cuts or other quick solutins by satellite photography or renote 



sensors which Would produce a cadastral map. The aerial photograph still
 

f.:rms the backbone of mapping activities. 

While Eatellite photography may eventually be used much more commonly to 

rake small scale maps of large areas, serving almost like a mosaic does 

certain type of remote sensor information is extremelytoday; and while 

infrared photography or enhanced
 u eful in analysing resource data such as 


are related much more directly to the
i;;ultiband filter photography, tlese 

tc-pographic or resource evaluation fields. Probably the biggest advance in 

recent years has been the devlopnent of hgh resolution film. The centerline 

of a hijghway can be recognized from extreme distances by simply enlarging 
high 

film. Another advance is the development of the RC9 extremeresolution 

wide angle comera which will pernit taking usable photographs from extremely 

the Log-E-Tronics also arelow altitudes. Other devices such as 

valuable in the filii process~ng systems. 

Probably the newest develop::ent that is related most directly to the 

cadastral survey is that of orthophotographs. Equipment has been developed
 

to produce photographs that are fully corrected for scale, relief and tilt
 

distortions and are of particulor value in the preparation of mosaics 
that may
 

be used as a reliable planimetric base map for the delineation of terrain data 

developed by the U. S. Geologicaland field information. The orthophotoscope was 


Survey. This and the orthoprojector, built by the Zeiss Company, are used to
 

photos are butt matched torether (not like :r.aking
produce ort':ophotos. The 


a regular mosaic, which renuires overlap) to produce the orthophoto mosaic.
 

At present the cost of the instrur.ents and the methcds used to produce the
 

orthophoto appears to be considerably more than that of standard mosaic costs
 

be reduced in the future, especially on large
but prices will uvidoubtedly 


projects. A ceir:parison of the orthophoto to the regular aerial photo is shown
 

on the following page.
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Recently fully rectified aerial photograph composites have been made
 

with contour lines superimposed upon the photographic positive. These are 

called'. 'photo contour maps and provide detailed slope and elevation data 

that could be extremely useful in making property denarcations for a 

cadastcr. Along with some of the more dramatic innovations mentioned above 

are an ever increasing number of refinements in measuring devices such as
 

the Tellurometer and the Electro-tape which measure distances accurately, 

up to one inch error per 100,000 inches, by the comparison of phased
 

microwaves reflected back to the measuring device (almost like radar). 

The Geodimeter also measures distances but does so even more accurately, 

up to one inch error per million inches, by measuring phased light beans 

of different frequencies, an application of the laser beam. For shorter 

distances, up to 500 feet, infrared lir'ht is also used for iv.scing measurements. 

Also, almost every year improvements are made in photograretric instruments 

and high speed electronic computers that add to improve the quality and 

reduce the costs of cadastral surveys. 

VII. T:iE U. S. CADASTRAL SYST4 RELATED TO TME LESS DEVELOPED CCUITRIES. 

Two types of cadastral systems typiffy U. S. efforts in this field. 

In the cast where settle:rent Crxmallly took place before surveying was 

carried out, a system of "n.etes and bounds" prevails,. Property boundaries 

i:ere described as going from hill tops to croebks, or as being on a compass 

bearing of so nany decrees, etc. There are usually no ajor coordinants 

to ,hlch te property l.nes could be tied. In the west, however, land was 

uisually in r,,overnm,!cnt control before settlement took ploce. Also, -nuch of 

tho iiw:dwest and .:est includes extensive trocts of flat, almost featureless 

iric 'and or dcsert to whic1, a s'ste, of ;::ctes and bounds could not 
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readily be adapted. This gave birth to the United States Land Survey. 

By Congressional authorization in 17C5 a survey system was establishod 

in which izieridiuns and parallels were laid off in six-:-mile intervals frm a 

base line to for= the boundaries of tonships.* Thirty-two principal 

meridians wore established running north and south from carefully selected
 

points whose latitude and longitude were calculated by astronomical reans. 

In a similar fashion base lines were established follow.ing selected lines of 

latitude. Thus, townships were formed with di.ensions of six :mlles cn each 

side. Each township in turn was divided into 56( sections, each one a snuare 

mile, numbered continuously from the upper riht to t he lw:Cr ri ;t. 1ach 

u1 Into hialf sectionssection, containing; 640 acres, ;.:ay in turn be divided 

cr qarter secti,:is, etc. This twn-shjip-rangc syste2 Is practical in that 

with but little experience one i,.ay locate precisely the "north half of the 

6 W of the 5th princplesouthwest aartnr of section 20, township 15 N, Range 

mer dian. 

Wow, how relevant -s this survey and th e U. S. experience to the less 

probablydeveloped ccntries? The eastern U. S. :ietes and bounds system is 

a cruder form of cadastral zmcasure!ent than that adopted by the early 

and the
Spaniard or Portuguese. Certainly the rectangular rural patters 

city squares attest to th-e use of a system of some scrt since norly colonial 

days. Even the vestV.res of the circular lar'd patterns, so com.on in CAba, 

to a oven ce the fIrst daysattest :eet'odclcgy, if difficult, prscticed sl 

of settle-cent. 

The westcrn U. S. cadaster utilizin : the tcwns}iip and range s-ystem 

could probably be efficiently utilized in the flat pamnpas of Argentina or 

A. Strablers Physical Geopraphy, 1:ew York, 1951. 
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it would be difficult tothe featureless ocrublandE cf the Gran Chaco, but 

utilize in a mninl, .ndia situation in the rug-ed Andcs. 

To cite a specific cose in which I was involved in Colozbia a few years 

aro: A USAID technician working on the colonLzation of the Arnori area was 

strongly advocotinr the uce cf the tcwnci.p-ran[e syste:: for t' e :eavily 

forested llanos area. The Colombians living: in the area -.ore well acqua'Lnted 

i;t, thc value cf the river front fcotage they mir'ht have hd. Ev4-r:,Cne of 

the settlers preferrod living along the river, the 	natural avenue c-f 

the open river 7,rovidedcoan.nics.tion for the rerion. T.ey also .:ne,. t .- t 

nore breeze, less insects, an assured supply of water, and a view of which 

they were proud. They had no interest in ,noving inland a "quarter-section" 

to be a mnoreor "hlf-section" fro:- the river beconse the survey was 

strip lots, each.; wth footageCfficient one. They would much prefer to hove 

section of land running avay? from the river parallelingon the rivcr and a cross 

the neighbor's propr.rty. Bit for fear of losing an a r.r'an loo.n that was 

tied to "the surve:.' nobody spok:e ur in op-os'tion. It was only through 

t:he enli.tenmirnt by an IAGS lcn7-ti:ie resident of the country that the 

plight of the people .,as brc.ght to AID attention. 

In...... "ry I do not think thot U. S. exper':nce in the cadastral field 

is part'cularly outstUnd ng. 'Ie have develoned a sylster. that was adcted 

Latins, tot:, mustin the east and another well su'ted to our west. The 

adept the syste,:i best suited tc their envircmient. An orderly cadastral 

system related tc the :eodotIc network of the ceuntry l.nd the historical 

be theor trcditional land cimership patterns cf the country will probably 

:ost effectIve and ce',Hiblo for each notion. 

11hat has t!,e U. S. done to foster cadastral projects? Aside frcm 

of AID during the past decade to utilize specialista orsporadic efforts 



consultting firris, ,uch as the J. L. Jacobs dise. onl cdastral 

projects, only the nter-;e--rco'i Gocdet'c Survey has bccr.:.e on-ar.-ed in smich 

surveys in Latin America. It has been considered a "sensitive areaO shunned 

by most AID Ynissions. International organizations such as the United Nations 

and the Organization of Anerican States also tended to avoid controversial 

subjects,and the international lending ageocies have found such agrarian 

reform programs difficult to fund or sponsor. Providing funds to carry out 

a forestry colonization or road development project is much easier to justify 

and usually can be done by quantifiable methods. 

VIII. THE PIIESETT AIMD FJTURE CF CADASTRAL PRCGRAIS. 

In a recent d'scss-ion of agricultural ,rodu,:tion in Latin Aimrica 
Dr. Jorgen.:on stated that Lat.in A-rico w:ill .havean additional million 

people to feed six wec.-s frc, that dO.te. Less than a year from ncw there 

2would be an additional ci ght million people. the end of the century, :ith 
the rate increasing in eo,.trical r'rorrosriont,-:re v;old bo 756 ull'rn, 

two and three-quarter t- 'Yecthe present population.* :.any mil!4.ons will be 

en: aged in agriculture. There ;ill certainly be no reduction in agrarian 

reform orograms in the near future. 

Al:zost concurrent w;itl this trend, the U. S. support to the cadastral 

pro-ra. is declining. U. S. supycrt in the past for such pr c-ects came 

primarily frem the Inter-American Geodetic Survey. Flunded primarily by the
 

U. S. Depart,ent of Defenre, their i-.ajcr objectives ,,ere to establish a highi 

auality teodet~c nctucrk communal to the c;.e.s~here, and to "'rn-rove the 

national topographic mapping opcrut'cnc xthn e;e,>. of the n.!tocns. After 

th.se objectives hiad larr:ely been ucconzli shed, they acclsted the ccuntrios
 

*Harold Jorgenson: "Basic Issues in the Process of Development in 
Latin kaerica," an unpublished paper presented ot 1uncie, Indiana, 1970.
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in the estu> . " cadastral surveys as w.ell as in resurce inventory 

foreign aid spending, the surveys. !owever, l.ith the rcaent cut-back in 

purposcs, discont-..u!dU. S. Defense Depart.;ent has, fcr all practical 

support of this program, just when it -as beginning to have a rnajor effect
 

the orderlyon the ai;rar'an refcrs :mve:,cnt. This can be evIdenced by 

progress and metI:odological thoroughncss of the recently completed Panama
 

cad.stral survey, the first Lt'in k.er'can fiscal cadaster thJ tIso
 

Already Uru!uay, 	Ecuador and other ccuntries
r'iz]:fie a. a legal cadaster. 

rescurce
 
arc looking to-.ard Pano.:a for advice. Tec.nmcians acquainted .; ,th 

and cadastral i'ields have rtrcngly opposed t'.e phasing out of the IAGS 

rr,,ra..s -nd its cartographiic training center in Panama. 

Although other centerv, prnrticulurly thce sr-oncored by ultin-t;c.al 

of the cadostral burden, rnd may even be more ingetncies, :.sy assi. e so'ie 

survey and mappingtune with Latin A.:crican priorities, such a complex 

over to the uninitiated cvernight. Sophisticatedprogram can not be turned 

irethcds, expensive instru:.entaticn cnd :.!antenence facilities, and years of
 

over of Canal Zone
trained technicions can be lost If a lbgical r',:itch 


of Devolon::ent"
operations fro2 thIe Depart:ent of Defense t: a "Depart -crnt 

is not activatrd scon. 

f.eld f cadastral nurve'..'s -inti.e:.any advances have be,-n -n-ade in t.:e 

prst decade, but many i:cre arc foreceen for the future. Jith the cou;m-uters 

and thc space age cooe a vast nu:ber of nncA, tec-ni ues for :-,ainL and data 

use, "ground truth" cf iiuch data 
r-rocesrang. Re..ote scncrs arc ccaing 'nto 

be establIshed, stereophotocollected by the 	var:Ious :ieans t.ust still 

types of .igh resclut.on fil:.is is still in the experinentalanalysis of some 

*A resoluticn to this effect was passed at a recent Conference of
 

Latin kMcricanict Geographers (1'sy, 1970) supported unanimously by more
 

than eighty leading U. S. Latin k,.crican specialists in the field.
 

http:resclut.on
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stage and new instrurcnts ond their use :.ust be intrd'uccd to tUe Latln 

kzerlcan te-cncl -e:ic es. Thc cadastral survey, th-e recs urce inventory 

and the titling- cf ]roperty for 28scal or l.eoal purl,ooc -s u.rt cclin- into 

!e'ng. The U. S. can play an extre:,ioely u-eful roll In as~s~tlnv, the nations 

with the establishnent of sound technical and adniiniotrotive uethcdoloh:ior. 

We have a solid function to perfcr:. in resorce evaluvt'on, in cartcranhy 

and photo!ra:,mnetry, and to introduce the uise of the late:-t i;t cdr of land 

:zeasurcriont aE aell as to assit the natn.cns in developing socund loan 

requests so as to carry out solid develop:-ient projectu in the agrarian fi'ld.
 




