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I. INTRCDUCTION,

In agrarian nations throughout iihe world, the agrarian reform novement
hes blossomed within the last decade., In Latin Axncrice particularly, it is
closely related and is almost inseparable from the rural develop-ent process.
Althéugh initiated more than half a century ago in vexico, the aprarian
movement hes spread to include the majority of Latin Amcrican nations teday.
Agrarian reform as we know it today has been systematized and organized
vhereby it can no longer be loclked upon as the taking of land from the rich
and giving it to the poor. Specifically the purpose of having an agrarian
reforn ig to increase the productivity of the lond, establich g nore
justified method of taxation, and perrit those persons actually cncaged in
the use of the land to reap the benefits of their labor.

Without attenpting to define agrarian reforn, its success in come
ceuntries, or lack of success in other ccuntries (topics which are to be
discussed by others), the close relationship of e sound agrarian reform
program to the cadaster should be stressed. A cadaster is %he public record ,
survey or map of the value, extent and ovmership of land which is used as a
basis for taxation. Conscouently, an orderly agrarian reform whicli woeuld
reimburse owners of confiscated lands would rely heavily on the existing
cadaster and tax assessment,

II. THE RELATIONSHIF OF THE CADASTED TC ACRARTAN REFCR:!.

An sgrarian reforn program without a cadaster would be of extrenely

limited value. Tie agrarian progran, to have much neaning, should include

various cadastral facets: 1) property identification; 2) property titling;
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5) rescurce inventory; ond 4) tox reamssessuent. To omit any one of these
cermponent stages would seriously limit the chances of success of an agrarian
reforn project. 4nd, only upon the conpletion of thesc facets cen a scund
odministiretive program be established that maylead to positive fiscal results
ond hopefully to local political stability as well.

Since ograrian reform ectivitics usually pertain to rural area, the
cadastral surveys considered in this paper will be rural cadasters. Vhile
urban cadasters are also urgently needed in Latin Anerica, they are easier to
‘endle in that ubran rroperties are more accescible, are smaller in size, can
readily be meecured, and are usually better recorded. In rural arcas property

.

ownershin ic freaiently hiard to establich. Absentee landowners frequently
live in the tcwns or thie nation's capital. llapping or aserial photo coverage
of rural arcos is freguenily noncxicstent or has been done at incdeauate
sceles. Land velues of rurel areacs arc also more difficult to establish since
sctuel production yields should be distinguished f{rom potential production.
Consecuently, urben cadastcrs, which require thedcmercation of major tracts
oi lund, uilch reguire no inventory of notural resources, and which frequently
have better +itle records, will not be related to the agrarian reform movement
in this papore.

In meny rural arcas in Latin America, simple property surveys also do
not exist. In others, they may exist bui ownership data are lacking or are
in conflict with tex assescuent authorities. In other countries, such as
llonduras, selcct areec are texed, usually the nore accessible provinces with
urban ceniers, vhile other lest accessible portions of the country arc not.
3ol of the most receni cadastral proyrems, onc in Panaza and the other in
Chiile, save illusiratz' ite fact thot many properties were not registered

at all, and thet other preperties were much larger than the size for which



They were assessed, It mipght also be added thiet rmany others were smoller than
their assecsed sice,

T $1lusireds e Jracdie ¢ flersaces in sine snd shepe betueen the

Kal

sa:ze property taxed before and after thie conpletion of a cadaster the tuo
Tollowing maps =ay be reviewed. llap stect (Leaaina) T derarcates properties
inaccurately based cn local property sketclh mavs., lap (Lecaina) 1T slious
property boundarics es tiey actually ore, utilising the gserial vheto bose
with field survey preperty checlzs nade by experfenced photo interpreter
technicians checizinz the actual property en the rround with the ouner. Some
lots heve been shaded for identificaticn purposes.

The govermicnis, over the course of decedes, cve in ecnervl been denied
revenue Trom the iaxes of thousends cf iecteres of privately evned preperty.
Furthiermicre, it lies been reported thet Chile hind recouned within a rericd of
four veors ile Thands it lhed exrended in carrying out the codostral survey by
collecting additional revenues cf ascesced land. Prel:nincry indications
are that Panama will exper‘cnce o siilar situaticn, althouph their survey
has only bewccupleted recently.

ITI. WHAT IS A CADASTRAL SURVEY.

A cadastrsl survey is the investiretion and the iiccnanics carricd out
fer the purpcse cf uelring a cadester. Thare ore basically two lzinds of
cadasters: the Fiscal Cadaster snd the Legel Cedoster. The ficcal cadaster
is the inventory of treperty for tax gssesstent purroses. The legal cadaster
15 the inventory of property fer lend reristration purroses ond for maiting
legal transactions concerning tie land; censemiently is is usually aore
accurate then the fiscsl cadaster. The definition es te the uce of the land

{6 elac a nort of the leral cadaster. Surfece water aos well as cubcsurfoce

water rights or minerel rights mey be cxcluded or icpt ceperecte from the
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rights to utilize the lend. Also, access righis are freauently considerod
in legal cadasters. The lecol cadaster’ being more cccurate, io glso iiore
vrocisely lecated in thet it ie tied by latitudinel or longitudinel
coordinotes to the neticnol geodetic contrel svetem. lornally property
doworcstions for lepal codocters ore nede on lerge scale teopouraphic manc.
‘lowever, it ohould be recognized thot the precision of any: cadoster cheuld be
closely related to tlhic velue ol £he laond. Altheush the oszeos ent of land oY
net resuire ectoblishing exoet ceccure sntc or locoving t'i¢ ecxact troct by
a coord*nont system, it would be Wiphly decireble to couly out a cedaster thet
cculd serve the functions of both, the Tiscal az vell og ihe legal cadaster.
In ull prodebility thie criterin Lo cerve both types of cadmster cculd be
justificd in orcds of dense rural concentruticns whers taxes are normclly
hicher and vnere pronarty heundary nroblens ere ususlly core nujLerous. But,
the superimposition cff a new cadpetrol systom or even the modification of an
old one thot ie ingrained in a notion's hictortical and sericultural developrent
will vlvays he sozmevhat difficult.

&

To rccomiend a stondard colution to ilic cadestral nroblens of the less

Eey 1

ble, Dacl case ic unirmie and will heve

e

developed neticns would be impocs
to he trested ns such., Alsc, tho wethcds used cnend eon the cauwipinent,
typincd perconnel, cnd boea data evoilohle prior uo tho inttiation ef' the curvev,
IV. UWHAT DCUS A CADASTRAL gUlyel CCET.

Mo cost of o cedester ic rolated directly te the scale of tiie mapping

and the precision of the curveds Tiere are o mony vuricbles involved in

cotimoting costo that no unit price figure can be presenteds Cost figures of

* Tuo differcnt aystoic, the pocitive ond the nepotive, cre utilized to
record ri his under the legal codoster: the positive systen establiches clear ‘
title to the property, which fs puurantced by the covernment. The negetive

syetem sinaply yocords all transacticns nroviding little more than o continuous

record of richis held related to o perticular piece of properiy.
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various projects such as these mentioned previcusly fer Chile and Panama

may be cuoted, but no comrarison mey be rade between then because of the
differences in criteria between the projects and the diffcrences of existing
basc deta and geodetic control between the respective countries. The Chilcan
vroject, however, called the "OAS/Chile Acrophotosrammetric Project," was
well publicized end experimentsl in the sense that it attezpted to carry

out a fiscel cadaster in e minimum of time due to urgencics rclated to a
national disaster, the Chilean eartihquake of 1960. Decause several inter-
netionsl agencies and many naticns were involved in this project, possibly
more is known about the funding to snonsor the survey as well as unit price
costs then sirilar operations elsewhere.

To put the cadaster in its proper setting, a briefl sumuary of the
project will be presented. TIn lete lay, 12(0, a number of earthaualzes =nd
tidel veves desircyed ruch of the infrastructure of the scuthern Central
Veller of Chile. Several millicn people and one-fourth cf the netion'c arca
were affected by the scismic disturbonces. [Reconstructien of the devestated
areas was started almoet imiedietely with the assistonce of foreipn aid and
o number of internsticnal orgenizaticns. Liany nstional Chileun arencics
vere also involved in rehabilitetinz the area,

Althourh the "CAS/Chile Photogra mctric Project" initiated ite opcrations
to obtain up-to-date aeriel photorranhy and ground control, the governuent
requested a cadastral survey end studies of agricultural land use end land
capabilities in order tc deter:ine resol property velues for tex assescrent
purposes. The project was accepted by the OAS in July, 1¢€1, end war
completed by December, 10€3, llore than 12 millien hectares of apricultural
1and were cvaluated in less than thirty nonths, more than 250 Chilean

technicisns werked with the project as well as sixty nersons contracted by
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the OAS. A consor ium of four com-ercial firms r'rcm the United States and
Canada supervised and directed the project.
In referring to the state of the public treasury and in particular 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 bosic information
available for scientifically determining the velue of each individual
property. In order to resolve this problem, the Government has drsfted
a work program that includes the following measures:

a) Aerial photography at a scale of 1:20,000*will be taken of all
the agriculdural land in the country. This will serve as a basis for
the preparation of a mossic 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 merked on the mosaic, tius malking it possible to know
its exsct size,

c) Analysis of the photographa and firsthand observetions at the
site will make it possible to determine the type of agricultural uce to
which each property is being put and to inventory the ereas being used
for permanent and shifting cultivetion. In addition to providing exact
information on types and ccmposition of scils, water, and other rescurces,
these studies will peint to better means cf utilizing then.

The aim of this program is to complete a rurel properiy cadaster
vwithin the present ycar covering an area ot approximetely 120,00C equare
kilometers. During the first quarter of 10€2, soil usce surveys cf the
same crea will be made, and in the fellowing ear tne classificstion
of soils according to their type, conposition, and productive capability
will also be comrleted.

The deta supplied by the foregcing surveys will be used in carrying
out a "policy of development and agrarian reform" on an appropriete
technical basis, which weould include the following activities:

1) Furnishing to farmers, especially small landholders, all the
basic technical information needed on the proper exploitetion of their
land.

2) Plenning of a policy to encourage subdivision of lend into units
that would ensure efficient utilizetion and fecilitate colonization

prograns.

%) Planning and completicn of roads and irrigation works snd carry-
ing out of an effective soil ccnservation policy.

4) Precise scientific evalustion of properties ac a bisis fer a

*lap scales are presented in proportions. 1In this case one part on the
photograph (or map) represents 2C,000 perts on the ground. Aerial photographs
and nmeps used for cadastral purposes normally range from 1:3000 to 1:25,000
in scale with 1:3000 being among the larger scales and employed more frequently
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tax that veuld ceniribute effectively to better lend utilization,,

yproviding an incentive to progressive farners end penslizing these who

-dc  not meke full use of their land. For this purpecse, necescary chonres

in the lews will be proposed, maintaining the present critericn, however,

that taxation of agricultural rcal estete be besed on the reel velue of
unirproved basic property. In addition, incwme tax incentives will be
proposed to induce the farner tc make invest -ents related to better land
utilizaticn,

The total cost of project operstions amocunted to the equivalent of
85,590,000.‘ Although this sum may appear at first to be high, it is well to
point out thet if conventional field methods had been used for such an
operation it would have been necessary to emplcy an even larger staff of
professional and technical personnel for a perjod of from 20 to 30 years,
vhich in the end would have resulted in e cost four or five times grecter
than the actual total for the project. Iloreover, the value of the benefits
this investment has already provided and of thcce which will be forthcening
in the future far exceeds the amount in question.

The OAS finonced from its Chile Special Aid Fund, fer e total of $550,000,
the following operations of the projectt &) all of the serial photography taken
st 1:50,000 ¢nd 1:10,000, snd a considerable part of the photogrsphy taken
st 1120,000; b) ground control operaticns; c) topogrephic mapping of & number
of cities; and d) preliminary technical assistance missions, as well as
administretion and supervision of the project.

From & tax on bottled gas the government collected the equivalent of
$600,000 in revenue, with which the following operations were financed:

&) preparation of the photcmoeaics used in the project; b) rural cadaster

and property identification; snd ¢) collection cf data on present land uce.

'ii1th emnuel aprropriztions in the national budget totaling the ecuivalent of

* This section on project cost fisures was taken from the Pan American
Union publicetion Arricultural Lend Inventory Techniques by Luis Vera
(Washington, D. C., 12€4);and unit cost figures were taken from the Pan
Arerican Union publication Physical Resource Investigations for Economic
Development (Washington, D. C., 1969).
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$1,830,000, the government covered the expenses of offices and field stations,
es vell 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 initieted, the Chilean Government planned to
finance the total cost from its own resources, with the exception of the OAS
contribution. Hovever, 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 losn of $2,100,000 from the Inter-American Development Bank to finance
(a) additional aerial photography of the transverse valleys ot 1:30,000;

b) additional merial photograrhy at 1:20,000; end c) the agricultural land
capability study.

The oll exploration studies conducted by the OAS project at the request
of the Hational Petroleum Enterprise (ENAP) included: a) e geological survey;
b) & geophysical and aeromagnetic survey; and c) tectolinear analysis of the
surface for the purpose of loceting subsurface anomalies. The cost of these
studies totaled $310,000 and was financed entirely by ENAP.

Data processing and analysis operoticns, as well as some of the economic
studies, have not been included in the ccst of the project. The United
States Agency for International Development (AID) essumed the cost of foreign
technical assistance to advise Chilean personnel, and these firures have also

been excluded from the total fipure.
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The project has provided the necessary data to make possible an increase
in ferm production, as well as improved utilization of nétural forests and
forest plantations, more transportation lacilities, and the establishment of
industries directly and indirectly related to the use of these prodvcts and
gervices—-all of which will result in greater diversification of job
opportunities and & reduction in unemployment.

As information was produced by the project it was used by the Ten-year
Economic and Social Development Plan in the formulation of policies for
various branches of the economy and in the preparation of specific projects
within the fremework of its sectoral prograns. Preparation of the naster
plans for the cities and for the area affected by the earthquake was
carried out on the basis of mars produced by the project. Receonstruction of
the sewerage systeas and the laying out of streets recuired the use of
topographical informetion derived from the vork of the project. In like
menner, use has been made of the collected data in the preparstion of projects
for roads ond highways, ports, railroads, irrigstion works, and other
public sector enterprises.

In estimeting the direct contribution of the project to the economic and
sociel develonuent of Chile, it is sugrested thet this will depend on the
use that is made of the informetion ratl-red. The results of the applicotion
of project date to agrasrian end tax refermc heve indicated thet the total cost
of the project was repaid in a period of four years.

As couplex as was the overall funding cf the Chilean project, so too
were the unit costs. iach phase of the study nad different unit coests.
Property boundaries vere loceted on rectified 1:20,000 photographs.
Kectification can as much as double the cost of a photograph, but in the

case of Chile, much of t is ccst could be discounted because the photographs
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had to be rectified to produce the controlled rosaic which served as the new
base rap of the srea which was changed due to the seismic movement. The
1:20,000 scale permitted plotting cf parcels of cne hectare or lorger, In
minifundia ereas, a boundary vas drawn around adjacent properties s.eller
than oue h:clare and the erca was letzlled accerdingly., The maximum error
per. issible was C.l1 inch, snd errors in areas of measured propcrty ronced
from 1 to 9 per cent. (The mexinum error--£0 meters c¢n the ground--uould
only be aprroached in sreas of steep festurcless topography, while hedge-
rows ond fences made the identificstion of properties of inhabited laraland
easy and extremely accurate,

Cost of the 13:20,0C0 photogrephy for the project was $4.10 per square
kilometer. losaics were prepared at scales of 1:1CC,000, 1:%0,C00, and 1:20,000
at a total cost slightly over $1,00 per square kiloueter. The cost of mapving
snd valuation of the 170,000 properties was not kept on a detsa‘led basis due
to the variety of egencies that supplied the project verconnel,

In the Panana prciect, the properties were located on propert?onal
enlaergeasnts cf the new photography st a scale of 1:10,0CC, pormitting the
plotting of ell rural properties, the use of rectif'cd enlergeuents being
reouired for only 7 per cent cf the photosrarhs. ilaximum alloweble errer in
flat ground was 0,1€ inch, and errors in ereas of properties ueasured in flet
ground avereged 6 per cent. The accurscy is rercrted to be coxparable to
that of the Chile project. The photography cost about $3.75 per souare
kilometer, and the enlargements cost an additional $1.00 per squere kilomecter.

Of course, it is impossible tc meke a direct comperison of the two
gtudies since so many factors differed. In the Panamas study ground control
already existed, while it had to be established in Chile as pert of the project,

On the other hand, much more detailed property evalusticn was made in Panama
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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 variasbles, cost cf mapping and valustion, excluding the
cost of the natural resocurce inventcry, will renge between $€ end $13 per
percel.
V. HOW IS A CADASTRAL SURVEY lADE,

After the basic decision has heen mode to meke a fiscal or legal cadaster,
or a coabinetion rf the two, the respective apercies cf the government who
will be worliing in various phases of cadaster shculd be ccntected. A
general agreerient shoild be reached os rererds the objective of the cadaster,
the impit of the different sgencies, t'e criteria to be folloved in project
execution, the precision reouired should be clearly established and a review
of existing tax laws, land laws and natural rescurce data shculd be made as
well as checking local boundaries., ALl too cften the administrative
houndaries at the second and especially the third order level (equivalent to
out county  or township toundaries) have not been demarcated with precision,
which has led to many boundary and taxation problems in Letin America in the
past decade. Such boundaries should all be trensferred over from local
district surveys to aerial photographs or mosaics where features visible on
the photos can be recegnized cn the land.

Following the preliminary review of data end agency perticipation, and
recognizing the fect that each project varies from the next, the fcllowing
procedures are most ccrmmonly carried out:

a) Aeriol photography at recuired sceles is token (to serve as the basis
for =-eking & map) if none is available that is adequate.

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

locating the aerial photography must be undertaken.
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¢) Photo mosaics should be made and controlled upon which field data nrefv'
éib@ted, observations are mede, and eventually field checked and coordinatedﬁyv

d) Photo interpretation is done by stereoscopic neans to obtain natural
resource data, including information on geology, hydrology, goomorpholory,
soils, land use, end forestry.

e) Data analysis may be dene by s veriety of meons: by map superimposition,
by statistical analysis, or by meclhianical or electronic data processing ~eans.
The end result should be the same. Utilizing the basic notural rescurce datae,
both quantitative and quslitative, & lend capability map should be made.

This should then be compored to a map of the existing lend use. Differences
between the two maps should indicate the value of the lend for agriculture
or other uses, especially when relsting data tc other facets of the broad
natural resource field (hydrology or forestry for example). I+ is on this
basis that tex assessxzent shculd be made.

f) Economic data such as the existing lend tenure system, the local
infrastructure, bridges, rcads, silos, distance to markets, and existing
production yields, etc., may be napped and taen into consideration,

g) Property boundaries should be plotted on the mosaics in the field.
This can best be done by the stereophotographic interpreter assisting the
farmer in locating his property on the mosaic. Training local technicians
to interpret aerial photographs is not difficult, and use of local inhsbitants
may give confidence to the area's residents and facilitate operations.

In summary form the execution of the former steps will provide wuch of
the technical and rescurce data. In sddition to the different types of rural
cadasters there are also many related investipoticns that may be carried
cut at the same time. An inventory cf industries, urban centers, enrineering

works, trensport facilities, and investipgations of populaticn distribution
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and nigretion retes are all closely related to the rural cadaster and may
be carried out in a following stage.

VI. :CW IS THE CADASTRAL SURVEY USED.

The preceding secticns of the paper dealt primarily with the teclnical
aspects of a cadaster: the specific steps from obtaining aerial photorraphs
to the required rescurce data tc be able to make a justifiable tax assess-
ment,  The administretive phese which follows the technicel phase is more
closely related to property mapping and reristry. In the case of the fiscal
cadaster, it ccnsiets cf the assessment and collection of taxes and the
riaintenance of the records cencerned with these operaticns. In the legal
cadaster it ccnsists of the registration of the land parcels, the maintenance
of the repisters and/or the legal transacticns concerning the properties.

The technical deta related to the legel cadaster centers on the locotion of
the property, the boundary and the size rather then the quality of the land.

To describe more specificelly how pronerty mapping and the adminicstrative
phase of a cadastral survey is developed, a review nay be made of the
Panama project. While emphasis in the Chilean prcject centered on rescurce
evaluation, tlie Panamanian project focused on property assessaent,

Panema's devclopment program cencred on their arrarian refcrm. They
hoped to improve lend use, land distribution, and increase agricultural
efficiency. Enforcement cf rural land taxation has been one of the mcat
critical problems facing econcmic develorn:ient. Few proprietors were peying
taxes. Only 10 per cent ¢f the total rural estetes, comprising about 500,000
hectares were legclly cwned at the outset cf the present program in 1963,

The remaining national territory, about 7 willion hectares (excluding urban
sreas) was government owned. It included patrimonial, squatter, occupied,

jdle lands, and forests., The exact site and area of almost all the land under
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legal ownership title was still unknown in 1963, and no master wap or index
of properties existed at all,

Several private comaercial firms were contvectéd in August , 1974, by
the Government of Panama with the financing of USAID to conduct a property
survey and natural rescurces inventory of 39,000 square kilcmeters of the
country. The property survey entailed the mapping and veluation of 90,000
rural properties and classifying them in four categories: 1) private lands
(registered), 2) occupied lands (without register), 3) government lands, and
4) forest and other rovernment land encroachments.

The Paname Agrarian Reform Commission was given suthority over the
cadastral survey and natural rescurces inventory phase of the project.

The Ministry of Finance had suthority over the tax jmproveient phase of the
project.

Photography flown in 1603 at scales of 1:€0,000 and 1:30,00C was available
for almost all of the project area, and topogrsphic maps at 1:50,000 conpiled
by the Inter-American Geodetic Survey were available fer much of the area.
The photography was ccmpletely rectified, ond moseics at a scele of 1:5C,000
and 1:120,000 were compiled. Where sufficient greund control or topopraphic
coverage was available, the mosaics were fully controlled; otheruise they
were senicontrolled. For plotting the properties 1:10,000 enlsrgenents vere
maede from the new 1:16,0C0 and 120,000 photoprephy. Enlergements snd reduc~
tions ot various scales were mede from both the new and old photegraphy
for photo interpretetien in the other disciplines studied,

Each of the registrars was given an intencive six-weel: ccurse in rhoto
interpretation, locaticn of properties, use of the compass, interviewing,
registration of properties and drcfting, The property napping was conducted

by five field parties, each consisting of four or five registrars, including
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the party chief. Each man in the party wae given 1t10,000 enlargenents on
which political subdivisions, cities, towns, and caserios‘had been uerlked and
identified. The registrar visited each property shown in the delinented
centrel pert of his photograph and, in the company of the property user,
walked out the boundary of the property,merking the corners on the photograph,
He also marked rivers, rocads, far: buildings, etc., and identified the type
of roads for future use in valuation c¢f the property. Vhen there wvas a
doubt about & property boundery, the reristrar checked with users of adjacent
properties. If scme decubts still remsined, an investirctor cede a nere
detailed study., Farm properties of less tlion one hectare were treated
differently. For large zcnes of uminifundia, the registrer ordered a photo
enlargerent at a scale of 1:5,000 on which he plotted the properties. For
isoleted small parcels, the registrar priclkked the photograph with a needle
8t the property corners and drew the property bcundaries cn the reverse cide
cf the photograph. Each parcel vas given e fi<ld identificeti-n nurber.

At the same time, the repistrar intervieved the preopert: user and filled
cut twe formst a property identificetion ferm end e velustion ferm. The
data on the property identificaticn form included field property number and
photo number; location by“provincia, distrito &nd corrcgimiento} nore, cedula,
residence, and tiue of occupancy of the user; identificetion of each
boundary 1line by adjascent owner ol the phyricel feature tec which it correspended;
type of tenure; and the owner's estimate of the aree of the parcel., The
appraisal form gave informotion on buildinrs on the property, provicion of
waier, sanitery facilities, and other characteristics used for valuation
of improvements on the land. Each registrar :apped and collected deta on
eight to ten parcels a day.

After the abeve data vere coliected, the photos were returned to the office,

parcels vere renumbered with a permenent repictration identification number,
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and the area of each parcel was determined by planimeter. Tracings were made
of each photo showing property becundaries and other salient features.

The property identification and appraisal ferms were coded end sent to a
data processing center for recording on punch cards. The tracings showing
property locations were reproduced and compiled according to districts
(third order political subdivisions), end an index map for each district was
made. Finally dats on all parcels were recorded in final form in the tax
cffice.

Tax evalusticns of property vere established in various ways. Selling
prices of scue properties which had recently been scld vere determined, and
the owner's estimate of the value of other sauple properties was establiched
by interview. Estinestes were also riade of land value cn the basis of cales
of farm prcducts end production costs. Having errived at land values by
correlating the results cf these methods, a fernula was devised for estimating
land values on the basis of three perameters: distance from road, quality of
that roed, and land capability class., Enpirical weights were given to each
of thece parameters so thet land value estimates based cn the~ would
correspond to the previously determined land velues. Cnce these veirhis
were established end thoroughly field checked, they vere used for all land
valuation. Standards were alsc established and {leld checked for the
valuaticn of farm structures.

The zap of & parcel was overlaid on the land capahility wap, and the
srea of each capability cless included in the percel was deternined. The
classification of the nearest road and the distance to jt were deter=zined from
data collected by the registrar. The value of the parcel was then calculated
by the formula.,

In addition to +the natural nescurce inventcry, the survey will provide
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Panama vith a complete record of rural property, including a map of each
poercel, a valuatien for tax purposes of each parcel and the structures on
it, and systenatic property regictraticn list. All dete will be reccrded
on IBY punch cerds end turned over to the tax ofiice.

Laws nov exiet by which the system of taxation con e implerented,
but some revisions will be necessary, It has not et heen estobliched
which agency will be responsible for the implenenteiion, and administretive
reorganization is being censidered.

As regards the relationship of t is fiscal cadaster to titling of
lendholdings, a law ‘s now befcre the Forlianent which will recuire the
distribution of deeds to the properties before impleenting the new taxes,
The photorrarh on which the propertr is delincoted vi1l constitute the
property description and will be distr'huted with the deed. A ethod for

Y4

sdjucating property dicsputes is ‘ncluded in the rropesed lesfolntten.
“'1thout doubt, Pana-a's cadaster is one of the wost camreienc’ve fiscal
cedastere;and when titlinc is activited, it will slec be cne of the firet
countries in the world ulers iiie zurvey accurecy ir aderinine to rerve ac the
basis cf a lersl cadaster es uell, '
YII. 5. ..ET.CDS FCR CA:LYING CUT CADASTE"S

Althcuph cadestral surveys hnve traditionslly been Lbosed on terrestrial
measur.ents, aerial photosruphy hes been iuproved eo treiendcusly in the
past two decades that it is being relied on very heavily today. ‘llowever, in
gelecting the aerial photo base desired for the cadastral survey, xeny
varigbles are rresent in rolztios to the asnlzziion of a2 prazriate
camhilstion of aireraft, cazeras, lens, fil s, Jilier, and procssging

methods that technicel advice rerarding the project is desirable. Tuere are

no short cuts or other quick soluticns by sotellite photerraphy or remote
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censors waich would produce a cadastral map. The aerial photograph still
f:rms the backbone of mapping activities.

While esatellite photorraphy may eventually be used much more commonly to
r.oke emall scale maps of lerge ereas, serving almost like a mosaic does
teday; ond while certain type of remote sensor inforration is extremely
useful in analysing resource data such as infrared photography or enhenced
wultiband filter photogrephy, tlese are related much mere directly to the
tepographic or rescurce evaoluation fields. Probsbly the bigrest advance in
recent years has been the developnent of high resclution film. The centerline
of a highway cen be recopnized from extreme distances by simply enlerging high
resoluticn film. Another advence is the development of the RCO extrene
wide angle comera which will pernit taking ugable photographs from extremely
low altitudes. Cther devices such as the Log-E-Trenics also are
valueble in the il precessing systems.

Probably the newest develop:zent that is reloted 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
digtortions and are of particulor value in the prepsration of mosaics that may
be used cs & reliable planimetric base map for the delineation of terrain data
and field information. The orthophotoscope was developed by the U. S. Geological
Survey. This and the orthoprojector, built by the Zeiss Compeny, are used to
produce ort:ophotcs. The photos are butt matched together (not like zaking
a regular mosaic, which recuires overlap) to preduce the orthophoto mosaic.
At present the cost of the instrurents and the methcds uzed to produce the
orthorhoto oppears tc be considerably wuore then that of standard mosaic costs
but prices will uidoubtedly be reduced in the future, especially on lerge
projects. A cemperison of the orthophoto to the repular aerial photo is shown

on tne lollowing page.
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Recently fully rectificd aerial photograph composites have been made
vwith contour lines superimposed upon the photographic positive. These are
cnllc&x'photo contour maps" ond provide deteiled slope and elevation data
that coﬁld be extremely useful in maling property denarcations for a
cadastcr. Along with some of the more dramatic innovations mentioned above
are an ecver increceasing 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 ccmparison of phased
microwvaves reflected back to the measuring device (aimost like rader).
The Geodimeter also neasures distances but does so even more accurately,
up to one inch error per million inches, by measuring phased light beans
of differcnt frequencies, an application of the lascr beam. For shorter
distances, up to 500 feet, infrared lirht is alsc used for meking measurcuents.
Also, alncst cvery year improvcmeﬁts arc nmade in phetorrazmetric instruments
and high speed electronic computers that add to improve the quality and
reduce the costs of cadasiral surveys.
VIil. T:HE U, S. CADASTRAL SYSTEM RELATED TC THE LESS DEVELCPED CCUNTRIES.

Tvc types of cadastral systems typify U. S. efforts in this lield.
In the east where settlerent ncramelly took place before surveying was
carried oui, a system of "metes and bounds" prevails. Property bounderies
verc described as joing from hill tops to creeks, or as being on a compass
bearing of so nany degrees, ctc. Thorc are usually no uwajor coordinants
to which the property lines cculd be tied. In tue vest, however, land was
usuelly in governucnt control before settlement took ploce. Also, imich of
the widwest and wvest includes extensive tracts of flat, almost featurcless

rrairiec land or decerd te vhich a system of iictes and beunds could not
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readily be adapted. This gave birth to the United States Land Survey.

By Congressional sutherization in 1705 a survey system was established
in wnich meridicns and parallecls were laid off in six-mile intervals {rou a
base line to fora the boundaries of tounshipn.* Thirty-two principal
meridians were established rumning north and south from carefully selected
points whose latitude and longitude were calculated hy astronomical means.
In a similar fashion base lines were cstabliched following selected lines of
latitude. Thus, townships werc formed with dimensione of six miles cn each

-

side. Sach township in turn was divided into 3¢ sectiions, each onc a souare

mile, numbered continuoucly Trom the uvper right to the lower rignt.  Bach
section, containing G40 acres, ..ay in turn be divided up into half scctions
cr auarter sccticnc, ete. This tcunship-ranre systen is practical in that

with but litile experience cne sy lecate precisely the "morth hall of the

ge]

gouthwest guarier of scction 20, township 17 M, Range 6 VI of the Dt princple
meridiane

Mow, how relevant is this survey and the U. 5. experience to the less
developed countries? The eastern U, S. netes ond lLounds system is probably
a cruder fort of cadastral mecasurcment than that adcpted by the early
Spaniard or Portuguese. Certainly the rectangulor rural patterc and the
city squares attcst to the use of a systen of some scrt since carly colonial
days. Even the vestises of the circular lard patierns, so cormon in Cubg,
attest to a :othodclery, even if difficult, precticed since the first days

of cettle-ent.

The vestern U. 8. cadaster utilizing the towmship and range sycten

Y

could probebly be eflficiently utilized in the flat panpes of Argentina or

* A. Strahlers Physical Geography, liew Yorlk, 1951.
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the featureless scrublande of the Gran Chaco, but it would be difficult to
utilize in & minifundia gituation in the rugred Andee.

To cite 8 specific cese in which T was involved in Coloxbia a few yeers
ago: A USAID technicinn working on tlie ceolonization of the Ariari erea wvas
stronzly advecoting the use of the townghip-range syste: for the teavily
forested llancs area. The Colombions living in the arca werc well acquainted
vith the value of the river front fcotage they misht have hed. Everrene of
the settlers preforred living elong the river, the nesturel avenue of
courunicttion for the region. Taey alsc !mew that the open river nrovided
more breeze, less incects, an ascured supply of water, and n view of which
they vere proud. They haé no interest in moving inland a "quarter-section”
or "holf-section™ from the river becouse the survey was to be a more
efficient cne. They would much prefer to have strip lots, each with Tootage
on the river and a cross section of land running away from the river poralleling
the neighber'c property. DBut for fear of losing an arrsrian loen that was
tied to "the survey" nobody spoke up in oprosition. It was only through
the enlivhtemiont by an IAGS lenz-time resident of the country that the
nlirht of the people was broucht to AID attenticn,

In swaary, T dc nct tiink thot U. S. experience in the codastrol field
is particularly outstending. e have develoved o systen thet was adepted
in the east and another well suited to our west. The Lating, toc, nust
adcpt the syoctem best suited te their envircnaent. An orderly cadastral
svsten rclated tc the peodetic nctworl of the country wnd the histerical
or treditional land cunership patterns ef the country will probebly be the
sa0et effective and ceisible for eaclh netion.

What has the U. S. done to fcster cadasiral projects? Aside frem

sporadic efforts of AID during tue nast decade tc utiliz~ specialists or
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consultgfing liras, such as the J. L. Joeccbs Cospony,te advize on cadastral
projects, only the Inter-Auerican Goodetic Survey has becrae encared in such
surveys in Latin America. It has been considered a Msensitive area® shunned
by most AID missions. Internetional organizations such as the United Nations
and the Crgeanization of Anerican States =1lso tended to aveid controversjal
subjects,and the international lending ageacices heve found such agrarian
reflorm programs difficult te fund or sponsor. Providing funds to corry out
& forestry colonization or road development project is much easier to justify
and usually can be done by quantifiable methods.
VIII. THE PRESEVT AXD FITURE CF CADASTRAL PRCGRA!S,

In 2 recent discuscion of agricultural produ=tion in Letin America
Dr. Jorgenszon steted that Letin Acerics will haove an additicinal millicn
peorle tc feed six vecizs frem that dete. Less than a year from now there
would be an additicnal eighit millien peorle. 3Zy the end of the ceniury, with
the rate increasing in geemetrical progresrion,thcre would be 756 millien,
two and three-quarter tivec tho present populution.* rany =illions vill be
enraged in agriculture. There will certainly Le no reductien in ngrarian
referm prograiis in the near future,

Al:zost cconcurrent with this trend, the U. S. support to the cadastiral
progra:: is declining. U. 8. suprert in the past for such prejects care
pricerily froem the Inter-Anerican Zecdetic Survey. Funded primarily by the
U. S. Depart-ent of Defense, thcir majer objectives were to establish a high
auality reodetic nctuerk communel to the heilsnhere, and to improve the
national topograpgic mapping opereticns within cecel of the nrtiecnz. After

these objectives had largely been uccounliched, tley accisted the ccuntries

*Harold Jorgenson: "dasic Issues in the Frocess of Develcpuent in
Letin Auerica," an unpublished paper precented st iuncie, Indiane, 107C.
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an the estu™lishirnt .. cadastral surveys ss well as in rescurce inventory
gurveys. ‘lowever, with the recent cut-back in foreign aid spending, the
U. S. Defense Departient has,fer all practical purposes, discontlouzd
suppcrt of this program, just when it wac Leginning to have a najor effect
on the agrarian refcria mcvetent., This can be evidenced by the orderly
progress and mcthodological thorouginess of {e recently completed Panama
cadestral survey, the first Letin Auerican figcal cadaster thi* tlso
miel*fice o a leral coaaster, Already Uruguay, Ecuader and other cewuniries
sre loolzing tovard Pana:a for advice. Technicians acquainted with rescurce
and cadastral ficlds have strengly oppesed tle phasing out of the IAGS
rograne cnd its cartographic training center in Panoza.

Although other ceniers, perticulerly thcee sronzored by multinsticnal
spencies, oy assuie soie of the cadoetral bLurden, nnd may even be uere in
tune with Letin Azerican pricrities, #uch & complex survey and mapping
progran cen not he turned over to the uninitiated cvernipht. Sophisticated
methcds, expensive instruzentstion cond naintenence facilities, and yvears of
trained technicicns can be lost if a légical cwitch cver of Canal Zone
opcrations froz ihe Depertment of Defense to e "Denart -cnt of Develomzent"
is not cetivated ccon.

vony advances nheve besn mede in the £1nld of cadactrol surveys in the
".'Y. 4

prst decode, but moany nere are Jereceen for the future, VWith the computers

and the spoce are come a vast number ol new tec

inicues Tor mapping ond data
rrocesring. Kemote cenccers sre couing ‘nto use, "ground truth" of nuch data
collected by the various means nust still be establiched, stereophoto

analysis of sowec types of Ligh resclution filns is still in the experizental

*A rosoluticn to this effect was passed at & recent Conference of
Latin Americanist Geographers ('ay, 197C) supported unenimously by more
than eighty leading U. 8. Latin Auerican specialists in the field.
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stage end new instruuents ond their use :ust be intreduced 4o the Letin
Averican tecinicel arencies., The cadestral curvey, tlhie recrurce inventory
and tlhie titling of property for fiscal or leral purvecces is just caning intoe
veings. The U. S. can play an extremely useful roll in assisting the natliens
with the establishment of sound technical end adminictrative methedologpiesn,
Yle have & sclid function to perfera in rescurce evaluntion, in cartecravhy
and photograrmetry, and to intreduce the nuse of the latect wmetiods of land

weasurcnent as well as to assict the naticns in developing scund lean

requestc so as to carry out solid developuent projects in the acrarian fi-ld,





