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13. Summary 

The Costa Rica Pilot Project represented the second stage of a three 
phase program (demonstration, pilot, and natioDal) to develop the use of 

·remote sensing and mappinJ techr.iques in connection with Costa Rica's re­
source inventory and mappi~g requirements. This evaluation is for work 
conducted during the project imfdementation period (January 1978 to . 
August 1979) and includes severgl suggestions for the third stage --The 
National Program. 

The purpose of this project was "to cooperate with the Government of 
Costa Rica in the execution of c. pilot project concerned with mapping 
natural resources and monitorin9 urban expansion." Primary project em­
phasis was placed on 1) trainin9 personnel in data collection and analysis, 
2) conducting a forestry inventory, and 3) monitoring the growth of the 
San Jose metropolitan area. Th~ project was conducted by Resource Deve­
lopment Associates (rnA) of Los kltos, California, under ~ontract to 
UShID. 

As documented in several sE!ctions of the Morain/Wagner. eval uation 
report, the evaluation team was impressed with the detail and comprehensive­
ness of the work performed for this Remote Sensing Pilot Project and espe­
cially with the extensive documentation available for review. The team 
also agreed on the following conclusions: 

1. Technically, color-infrared, aerial photography may be the best 
imagery for supporting natural vegetation inventories in Costa Rica ,. 
but panchromatic or perhaps untE!sted black and white. infrared photography 
is generally more useful, since the film is more easily processed and 
reproduced. 

2. Digital analysis of Landsat multispectral scanner dat~ (MSS) 
did not prove successful either in accuracy or in the range of features 
that are neec.2d for disc=imination. The evaluation team can not recommend 
establishment of a digital analvsis capability in COS~.1 Rica on an opera­
tional basis. 

3. In general the technical quality of the map products was good, 
although several maps are of do~btful utilit~ due to the limitations of 
the data upon which the maps were based. 

4. Current reproduction and distribution prices charged by the 
Instituto Geografico Nacional (IGN) to users of remote sensing data in 
Costa Rica are below the acquisition cost and make the data highly cost­
~ffective :or various uses. We belifve the v~lue of remote , sensing data 
~n Costa Rica far exceeds the C0st o~ collect~ng and analyz~ng such data 
although detailed cost benefit analyses for each user or for Costa Rica 
as a whole are not available. 



5. There arc many current and pot~ntial users for remote sensing 
data in Costa Rica. The Project did little to identify and work with 
COsta Rican users other than the trainees from five national organiza­
tions. 

6. It appears that conventional wisdom and some previous RDA 
experience led to the decision on what data should be collected and 
analized. Costs for either dat~ collection or analysis did not appear to 
limit the decision, but it was unfortuna~e that neither black and white 
IR photography nor good-quality I.andsat imagery were obtained. 

7. Much of the information that was collected and/or mapped under 
this pilot project appears useful for the GOCR agencies but few had 
had an opportunity to inspect the actual products. Several products 
were not considered useful. 

8. The GOCR has taken steps to -increase its programs to collect and 
update information needed by various user agencies. In particular, the 
Inter-American Development Bank has agreed to he~p support the use of 
remote sensing in Costa Rica and the GOCR itself is developing programs 
that require increasing the amount of available resource in~ormation. 

14. Evaluation Methodology 

A two-man team of outside specialists was formed in early september 
1979 to review and evaluate the Pilot P~~Ject and to make recommendations 
concerning possible AID support for the follow-on activities envisioned 
under the National Program. This team conducted its review in Costa 
Rica in late September 1979 and in the U.S. in mid-Sept~mber and early 
October. This report was prepared in December 1979 and revised in Fe­
bruary 1980. 

The Pilot Project evaluation was conducted by Dr. Stanley Morain, 
Director of NASA's Technolo~~ Application Center (TAC) at the University 
of Ne.: Mexico, Albuquerque, Ne .... ' Mexico, and Mr. Thomas t'~agner, Applic~tions 
Specialist at the Environmental Research Institute of Michigan (ERUl) , 
~~n Arbor, Michigan. Th~ team relied gre~tly on the cooperation and 
assistance of lng. Heriherto Rodriguez, General Engineer at the US AID 
Mission in Costa Rica and Ing. Fernando M. R~din, Director of Costa 
Rica's Instituto Geografico Nacional. Ing. ~driguez had served as AID 
liaison Officer for the Project and Ing. Rudin was the principal GOCR 
liaison Officer. The team also interviewed Officials of the Oficina 
ce Planificacion Na~ional y politica Econo~ica (OFIPLk~), the Agriculture 
Sector Planning Office (OPSA), and the Direccion General Forestal of 
the Ministry of Agriculture and Livestock (MAG). 

The project evaluation team cnose to document its project review 
under two main headings: 1) project technical results and 2) GOCR 
institutional perspectives (See Section II of the Morain/Wagner Report). 



'The technical Lesults were dcriv~d primarily from a ca~~ful study 
of available reports and documents, in particular the comprehensive final 
project report and s~veral map products. The team evaluated the procedures 
in terms of their quality. Table 1 lists the reports that were available 
to the review team. 

Somewhat more difficult wa~ the attempt to determine what the precise 
GOCR user information needs are and whether the types of products gene~ 
rated are likely to meet those r.eeds. For this purpose a number of 
interviews were held in Costa Rica with various personnel from agencies 
identified as users or potential users of the products or project metho­
dology, and witt. USAID and Inter-American Development Bank personnel. 
Although few of th~se people hac as yet had a good opportunity to inspect 
the products, the interviews attempted to determine the possible roles 
of the GOCR agencies in helping to identify the project requirements and 
their contr.ibutions (if any) to the pilot project. Equally important 
was their interest in continuing involvement in the proposed National 
Program, and their needs for the various products that would result from 
such a program, 

The Mission has carefully reviewed the Morain/Wagner Report and 
concurs with its general findings, conclusions and recommendations. 
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EVALUATION REPORT 

Costa Rica Pilot Project for Natural Resource 
Inventory and Information System 

Pro': ec t No .. 515-0144 

INTRODUCTION &~D BACKGROUND 

The Costa Rica Pilot Project represented ~he second stage of a three 

phase program (demonstration, pilot, and national) to develop the use of 

remote sensing and mapping techniques in connection with Costa Rica's J".esource 

inventory and !:lapping requirements. This evaluation is for work conducteci 

during the project imp1ementat:Lon period (January 1978 tn August 1979) and 

includes several suggestions for the th::'rd stage -- the National Prog:.:am. 

The purpose of this proj ect was "to cooperate \o,'ith the Gover:unent of 

Costa Rica in the execution of a pilot project concerned with m~pping r:.ntul"a1 

resources and monitoring urban expansion." Primary project empha~j::, ",a::; 

placed on 1) training personnel in data collection and analysis, ::) condul:ting 

a forestry inventory, and 3) monitoring the growth of the San Jose metropo1itau 

area. The project was conducted by Resource Development Associates (RDA) of 

Los Altos, California, under contract to USAID. 

1.1 CONDUCT OF THE PROJECT EVALUATION 

A two-ffian teac of outside sp~cia1ists was formed in early September 

1979 to review and evaluate the Pilot Project and to make recommendations 

concerning possible AID support for the follow-on activities envisioned under 

the National Program. This team conducted its review Ul Costa Rica in late 

Sl~ptember 1979. and in the U.S. in mid-September and ear1y.october. This 

report was prepared in December 1979 and revised in February 1980. 

The Pilot Project evaluation was conducted by Dr. Stanley Morain, 

Director of NASA's Technology Application Center (TAC) at the University of 

New Mexico, Albuquerque, New Mexico, and Mr. Thomas Wagner, Applications 

Specialist at the Environmental Research Institute of Michigan (ERIN), 

Ann Arbor, Michigan. The team relied greatly on the cooperation and 

assistance of Ing. Heriberto Rodriquez, General Engineer at the USAID Mission 
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in Costa Rica and lng. Fernando ~l. Rudin. Director of Costa Rica's Instituto 

Geografico Na~ional. lng. Rodriquez had served as AID Liaison Officer for 

the project a~c lng. RudL~ ~as the principal'GOCR Liaison Officer.' The 

evaluation team is grate:ul for their unrecitting sup?ort, advice and 

suggestions dutin;: the r(; "iel.l process. Also ~e nest gratefully ar:Y.:1o~ledge 

the ti.:ne and i.nte::-est 01 the many other AID a. .. d GOCR personnel 

for frank and tl-.:Iughtfl.!l C;OlIIIllents and ciscwssion. The latter included 

officials from the follo~ing GOCR agencies: 

- Instituto Geografico Nacional (IGN) 

- Oficina de P:'anif icaci::1'. Nacional 'j Politica Economica (OFIPLAN) 

- Agricultural Planning Sector Office (OPSA) 

- Direccion General Forestal, :{inisterio de Agricult~ra y Ganaderia (MAG) 

Team Directives 

The eva:'ua:jon team was directed :0 revie~ the Pilot Project in terms 

of the way it ~as conducted and to identify additional opportunities for 

:uture A:::>-financed applications of remote sensing in Costa Rica, including 

Phase 3 - the National ?rogram. The team ~as specifically directed to look 

at the followi~g issues: 

1) the relative ut 1:1:y of pC'':1chromatic, color, color in:rared, .:mc. 

multispectral ~~agery; 

:) the need for a digital analysis cz-pability in Costa Rica; 

3) the technica.l quality a.nd utilit\ of the various maps that were produce 

4) cost infor~ation associated with various uses such as forestry, 

agricultural development, and urban planning; 

5) methods used to identify the various GOCR data needs and possible 

ne~ L:ses and user requirements; 

6) the criteria (including costs) whic":1 were used to determine what data 

should be collected and analyzed; 

7) the use and adequacy of the information generated by the Pilot Project 

for the GOCR agencies; 

8) the arrangements (including budgets) used by the GO~~ to continue to 

collect and update information needed by various user agencies. 
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The evalua:1on team ""as specifically directed to identify "the needs 

clnd special opportunities" for future AID-f1nancp.c npp11cations of remote 

sensing in Costa Rica. To do this we must state explicity the technical and 

ins:itutiuna: frace~ork within which r~vte sensing can most effectively 

functic::. 

ReI:lote sensing is an information gathering technology that provides 

detail concerning t~e locAtion, condition, and distribution of land resources. 

The technolugy is ~ost useful in providing information about renewable 

resources at ~r near the s~rface of the earth (vegetation, soils, surface 

1.;a:er), but t:1e data can be USE:d to assist 1n making subsurface interpretations 

as well. 

For this proj ect remote se:nsing technology was divided between aerial 

photography and sate.ll:::"te Cata. Applications of aerial photography and 

satellite data are generally ccmplimentary rather than competitive-e.ach does 

a somewhat different job. Aerial photography provides detailed coverage 

of relatively small areas at sn~ll scales, normally 1:5,000 to 1:50,000 

for most purposes. Such scale allows ide~tification of surface features 

of less than one meter in size. Aerial photography also provid~s vital 

topographic infonnation through viewing of stereoscopic photo pairs-a type 

of in£or:::ation currently not available from satellite. 

Satellites, on the other hand, provide repetitive coverage of very large 

areas at large scales, 1:1 million to 1:100,000. Such scales allow general 

observ"tions of vegetation, soil, and surface water patterns at minimum . 
resolutions of about 50 to 80 meters. Obviously, satellite images cannot 

provide the same ty?e of detail that aerial photographs provide, but they have 

the advantage of being repetitively and cheaply obtained. 

Remote sensing is simply one tool that a~ds in the collection and docume­

ntation of resource and environmental information. While it can provide some 

~nformation by itself, the real utility of remote sensing is in combination 

~ith a variety of other resource inventory or environmental monitoring tools. 

Remote sensing data is especially .aluable when combined with conventional 

field survey techniques. Field observations provide valuable site-specific 

L,formation that cannot be iden~ified reliably from aircraft or space, while 

the remote sensing ~ges give spatial (areal) significance to the detailed 

site observations. 
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The evnlu~cion sou~hc co explore and document these issues within 

the conscr<l1nts of tine and availabole'information. This report attempts 

to sUII::larizc ;::'.ese findings as concisely as possible. Limitations due to 

lack of time, insufficie~t familiarity of th~ Costa Rica environment, 

and with Subtleties of the Spanish language meant that some of the issues 

necessarily were treated in a somewhat superficial manner -- especi~lly 

those relacing to the information requirements of GOCR agencies and other 

organizations. 

Reviel.' Procedure 

It is always difficult to develop a short-term evaluation of the 

results of a project to provide useful information to a number of agencies 

and organizations. Are the various types of output information of a nature 

and accuracy as to be generally useful - and will such information, in fact, 

be used? Are the proposed methodologies truly feasible in the Costa Rican 

environment? The answers to these questions are both technical and 

institutional in nature. Thus the project evaluation team chose to document 

its project review under two main headings: 1) project technical results and 

2) GOCR institutional perspectives (See Section. II) . 

The technical results were derived primarily from a careful study of 

available reports and doc~ents, in particular the comprehensive final project 

report and several map products. The team evaluated the procedures in terms 

of their quality. Table 1 lists the reports that were available to the rev~~ 

tea:n • 

Some'what mere difficult .. as the atte::!pt to determine what the precise 

GOCR user ir.frnT.lat ion needs are and l,hether the types of products generated 

are likely to meet those needs. For this purpose a number of interviews 

were held in Costa Rica with various personnel from ag~ncies identified as 

users or potential users of the products or project methodology, and with 

USAID and Inter-American Development Bank personnel. Although few of these 

_ people had as yet had a good opportunity to inspect the products, the 

interviews a:t~~pted to determine the possible roles of the GOCR agencies 

in helping to identify the project requirements and their contributions' 

(if any) to the pilot project. Equally important was their interest in 

continuing involvement in the proposed National Program, and their needs 

for the various products that would result from such a program. 
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TABLE ~ 

LIST OF DOCUMENTS 

Resource Development Associates "The :'::ility, Cost, and Effectiveness of 
Remote Sensin~. for Forest and UrC:::.n Sector AS:-::'ssment in Costa Rica," 
Report for ~ontract AID/afr-r·1135, 9-10; Mar~~ 1978, 146 p. 

Resource Developrnent Associates, "Design of a :-;atura1 Resources Inventory 
and Infor:nation System for Costa Rica: The Pilol Project Report," 
Report for Con=~act AID/la-C-i253; June 1979, 279 p. 

U.S. Agen, for International _ ~velopment Proicct Paper: Costa Rica Remote 
Sensing Pilot Project: Project No. 515-0144, November 1977,45 p. 

V.S. Agency for International Developnil,;c "Project ~.'/aluation Summary (PES)-P;'.­
Re~ote Sensing Pilot Project," December 1978, p. 7. 

Blutstein, H.I. et 
Office 1970 

a1 Area H;>ndbook for Costa Rica, U.S. Government Prbting 
p. 324. 

OF IPLAN , "Plan Nacional de Desarrollo Forestal 1979-1982,," Government of 
Costa Rica, June 1~79, p. 2rl. 

United Nations Development Programme; Country Programme for Costa Rica: 
UKDP assistance requested by the Government of Costa Rica for. 
the period 1977-1981, 1975, 48 p. 

Elizondo, C.L., et al., Guia Para Investigadores de Costa Rica, Instituto 
Geografico Nacional t 1977, p. 138. 
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Summarv Conclusions 

As doc~ented in subsequent sections of this report, the evaluation 

teac was impressed with the detail and comprehensiveness of the work performed 

for this Remo:e Sensing Pilot Project and especially with the exten~ive 

documentation B\'ailable for review. In terms of our conclusions are as 

follows: 

1. Technically, color-infrared, aerial photography may be the best 

imagery for supporting natural vegetation inventories in Costa Rica, but 

panchromatic or perhaps untestl~d black and white infrared photography are 

generally more useful, since the film is more easily processed ~nd reproduced. 

2. Digital analysis of Landsat multispectral scanner data (MSS) did 

not prove successful either in accuracy or in the rdnge of features that are 

needed for discrimination. The evalua.tion team can not recommend establish­

ment of a digital analysis cap.:tbility in Costa Rica on an operational 

basis. 

3. In ;eneral the technical quality of the map products was good, 

although several maps are of doubtful utility due to the limitations of the 

data u?on whirh ~h~ maps were based. 

4. Cllrrent reproduction and distribution prices charged by IGN to 

users of r2:Ilote sensing data in Costa Rica are below the acquisition cost 

and make the data highly cost-effective for various uses. We believe the 

value of remote sensing data in Costa Rica far exceeds the cost of collecting 

and analyzing such data although detailed cost benefit analyses for each user or 

for Costa Rica as a whole are not available. 

5. There are mnny current and potentjal users for remote sensing data 

in Costa Rica. The Proj ect did little to identify and work with Costa 

Ric1an users other than the trainees from five national organizations. 
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6. It appears that conventional wisdom and some previous ~A experience 

led to the decision on what data should be collected and analyzed. Costs for 

either data collection or analysis did not appear to limit the decision, 

but it was unfortunate that neither black and'white IR photography nor good­

quality Landsat i:nagery were obtained. 

7. Much of the information that was collected and/or mapped under 

this pilot prcject appears useful for the GOCR agencies but few had had an 

opportunity to inspect the actual products. Several products were 

not considered useful. 

8. The GOCR has take~ steps to increase its programs to collect and 

update information needed by various user agencies. In particular, the Inter­

American Development Bank has agreed t~ help support the use of remote sensing 

in Costa Rica and the GOCR itself is developing programs that require 

increasing the amount of available resource infurmation. 

S~arv Recocmendations 

While the team endorses the rational, objectives, and basic conduct 

of t:he pilot proj ec t, it questions several of the technical. conclusions and, 

therefore, the recommendations drawn from these conclusions. In other words, 

we believe the project provided a good basis for judging the utility of 

relTlote sensi.ng data and techniques in C08ta Rica, but we disagree with 

several of the RDA report recommendations. 

1. RDA states "the Remote Sensing Pilot Proj ect in Costa Rica has 

demonstrated operational procedures for a natural resources inventory and 

information system that meets the current requirements of the Government of 

Costa Rica and can be both implemented and maintained by Costa Rican pro­

fessional personnel." 

The evaluation team considers this statement to be only partially true. 

The utility of aerial photograph> has been demonstrated, but it is not clear 

what the GOCR's current requirements are, nor can one say exactly how use~ul 

satellite data will be ~o ongoing programs and ?rojects. 

RDA recommends "as a fil:o:>t step, a multidisciplinary, multiagency 

project team should be formed to complete a resources inventory of the 

country at mapping scales of 1:50,000 1nd 1:200,000, utilizing a combination 
7 



of eIR (color infrared] photography ana Landsat digital data." 

While we concur with the desirability of a country-wide resources 

inventory at the scales indicated, we believe that black-and-white photography 

(either panchromat ic. or IR) and good-quality 'Landsat images will prov:l.de 

a more practical data base. In particular. we believe that the resu.lts of this 

project clearly show that digital categorization of Landsat data is not currently 

feasible -- Costa Rica does not have a digital processing capability to 

handle Landsat tapes nor has the value of such data to operational programs 

been demonstrated. 

3. "A single organization within the GOeR should be given clear 

administrative responsibility for this (country-wide resources inventory] 

proj ect." We bc::lieve the IGN !;hould have a clear mandate and adequate budget 

to prepare maps relating to the distribution of natural anc cultural 

resources - but in addition, the other GOCR agencies should also have comr1ete 

access to remote sensing image=y in order to carry out their inventory 

and monitoring responsibilities. For this purpose IGN should continue to 

reproduce and disseminate maps, aerial photos, and satellite images and 

provide to the ... ide variety of users, both public and private, information 

and fac~lities to m~ke use of such ~ata in Costa Rica. 

4. RDA recommends "This [c.:luntry-wide resources] inventory sho'uld he 

combined with existing resources d~ta in map and tabular form into a manual 

geo-based information system." We concur with this recommendation but 

belive much more thL~king needs to be clone concerning the use of this information 

who ~hould collect this information, what the system should include, and how it 

can be best used. 

5. RDA recommends "A continuing training program should be established 

in Costa Rica to familiarize resources managerE and data users with the 

techniques and applications of remote sensing. A research program should 

smilarly be initiated •••• " The evaluation team believes there is indeed a 

need for continued training in remote sensing techniques and npplications, but 

that the trained Costa Rican remote sensing professionals should be the ones 

primarily responsible for "familiarid.ng reSOUl'ce managers and data users with 

the techniques and applications of remote sensing". A modest research program 

conducted in cooperation with a U.S. counter-part organization also would be 

most desirable. The focus of such research should be clearly directed at local 

inforMation needs. 
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The evaluation team sees remote sensing data as a source for many types 

of current information for a wide range of users. Therefore, 

we recommend that lGN work w:tn and make re~ote sensing data avail~ble to 

GOeR agencies, dOllor assistance agencies, private and semi-private companies 

and individuals. 

6. Processing of color films and making color prints is an exacting and 

costly process. We believe that careful study should be undertaken 

both to dcc~~c~t the need (~r such color products in Costa Rica and to 

determine the cost of building a color facility. Currently, new aerial 

photography should be limited primarily to black and white until such time 

as color data can be proc~ssed and reproduced in-country. 

7. A remote sensing center or office should be set up in lGN for the 

purpose of organizing the collection, reproduction, and dissemination of 

remote sensing data in a timely and user-responsive manner. 

8. Satellite r~'llote sensing is a rapidly developing field in terms of 

both the technology and its applications. The team recommends that 

close ties be developed and maint').ined with the "international remote 

sensing community." In time new French and Japanese satellite systems, as well 

as those of the U.S., will provide opportunities for obtaining userul imagery of 

Costa Rica. Y~ny othe~ countries, in Centr~l and South 

America are actively ~eveloFing remote sensing applications. Costa Rica 

should maintain cooperative COI.tacts with the individuals and agencies of 

other countries that are using satellite data. 

9. In many respects remote ~ensing is a U.S.-invented and subsidized 

technology, and for many years to cor:.e the U.S. will be th~ principle source 

of satellite imagery of CC':sta Rica. While the satellite systems and their 

reception stations rep~. esent "high technology," the adaptation and pr~;;tica~. use 

ot satellite products is ll1termediate and often low tectnology; that is 

the products can be effectively employed in regional or local situations 

with litt~e capital investment or training. USAID should continue to support 

the ~cation of this U.S. technology in Costa Rica. Specifically AID 

should provide a modest grant to ensure that both training and the national 

inventory process continue. 9 



1.2 PROJECT HISTORY 

In 1977 the Costa Rican Ministry of Agriculture 1ndicated a concern 

over the rapid rate of national deforestation. At that time estimates 

suggested an average annual cut more than four times greater thar! that 

needed for domestic timber production. Since thel.·e is no on-going ti.mb~r 

or forest inventory program in Costa Rica, the Department .:>f Forests 

svught an approach for annual~.y updating the location and area of forested 

la:1ds. Traditional tech:1iques for a complete national inventory were 

estimated at the time to cost $20 million and require 25 years to complete 
1 (RDA, 1979, p. 1). The quesl:ion of whether satellite or aerial remote 

sensing might represent more (:ost effective approacht:!s to traditional 

techniques of inventory was discussed between AID and GOeR. It was decided 

that a prel:..minary investigation and cost effectiveness analysis should be 

made, and if the results warranted, a pilot project undertaken. 

Phase I: De~onstration 

By March 1977, Resources Development Associates (RDA) had completed the 

first of two preliminary inve3tigations assessing resource inventory and 

environmental problem~ in Cos'ca Rica. A randomly s;elected area of 200 sq k:m 

in the province of Puntarenas was chosen for a ':'W'1-a-date IIl.?p comparison of 

forested area (1968 and 19i6). The res~lt showed that about 5000 ha of land 

had been cleared in less than 10 years - a cutting rate ~quivalent to 2.5 

times the assumed national average. Figure 1 (taken from another source) 

indicates the seriousness of the problem. 

lTnis estimate should be regarded with caution since we have .10 data on the 
unit costs invol.ved or any understanding of the detail of tl,e output 
prod,lct:. An inventory of forest are.a and location would undoubtedly 
cost much less and take less time than one designed to provide volume 
estilOates, stand conditions, etc. The assumption throughout the RDA 
pilot project has been that the $20-25 million year estimate would have 
prouided a comparable product to that generate ... 1 by a more sophisticated 
... emote sensing i· .... entory. While this nay not be entirely true, we can 
safely agree that any inventory by traditional t~chniques would be 
costly and time consuming. 
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A companion study was produced in June, 1977 assessing the potential 

application of remote sensing technology and metropo1it,,~~ land use in San Jose. 

This showed rapid expansion of the urban fringe into surrou~ding 

agricultural lands and suggested that a more systematic approach to monitoring 

might substantially aid land-use planners and policy ~akers. 

Based on the results of these two preliminary studies RDA undertook a 
') 

cost effectiveness analysis of r~otE sensors and p1at:orrns-. Apparently it 

had apparently already been concluded that some type of remote sensing 

technology would provide the best approach, but there was some question about the 
3 utility of Landsat imagery compared to various forms of aerial photography 

Our findings, as elaborated in Section 2.1, confirm that this is probably 

true. The institutional base to suryport the routine collection of national 

inventory data appears to be negligible; and almost all natural resource 

data having a spatial dimension are currently derived by the Instituto 

Geographic Kaciona1 (IGN) from black and white aerial photography at scales of 

1:40,000 or 1:60,000. 

In tile cost effect:i.ve"less study, 1:20,OOD-5ca1e,panchromatic,black-and­

white photography was compared against color, tolor-infrared,and multispectral 

pho'.:.ography at the sa.r:Je or larger scales. ElemEnts in the comparison included 

inforreation content, ease of interpretation, cost of acquisition and 

processing, data collection time, and map produc.;;:.cn time when applied to the 

two questions of forestlan~ survey and urban/rural land use conversions. Our 

s~~ary conclusions for each application are reiterated below and 

further discussed in Section 2.1 of this report. 

2RDA 1978. "The Utility, Cost and Effectiveness of Renote Sensing for Forest 
and Urban Sector Assessment in Costa Rica," AID/Afr-C-1l35, 9-10, 128 pp. 

3The bases for this conclusion are not clear. There are no data presented 
in support of it and apparently no inquiries were made that would have leG 
to its ~ priori adoption at this stage in the investigation. If we 
bear in mind, however, that there are few, if any, routine resource inventory 
programs underway, we can intuitively agree that there would be no basis 
for comparing the cost effectiveness of traditional versus remote Gensing 
techniques. 
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a. Forestry Sector: 

" .... digitally analyz~d Landsat data appears co be the most cost 
effective alternative for preparatio? of Level I forest cover maps 
at 1:200,000 scale. Color infrared aerial photography at an acquisition 
scale of 1:40,000 would appear to be the most cost effective tool for 
devebpment of Level II and III forest use maps (RDA, 1978,' p. 4)." 

b. Urban Sector: 
" .... if the urban sector must absorb the total minimum-job costs for 
computer processing, then digitally analyzed Landsat data will not 
be cost effective for typical urban appiication in Costa Rica. On 
the basis of currently available cost information, manual interpreta­
tion of color film at a scale of 1:20,000 would be the recommended 
alternative for the production of 1:50,000 scale Levell/II urbar. 
maps as well as for the mor.e detailed 1 :25,000 scale Level III/IV 
maps (RDA, lS78, p. 6,7)." 

Phase II: Pilot Proiect 

Following the completion Clf the cost effectiveness analysis RDA was awarded 

a contract to design a natural resources inventory and information systelo for 

Costa Rica (see Attachment ill). The pilot project report was completed in 

June 19794 and forms the basiE', of the current end-of-proj ect review. Thret:! 

activities were undertaken: ]) to complete a land-use inventory in th~ 

project area; 2) to develop ar: operational capability for using remote sensing 

technology in resource surveys; and, 3) to provide resources information to 

support GOCR management policy decisions in the project area. An oral presenta­

tion wa~ made in Costa Rica in Na:rch 1979 to review the findingsof ~he 

project but little info::11l.Jtion is available regarding the outcome of that 

meeting. 

In support of the first goal an east-to-west transect from Puntarenas 

to Limon was defined as the project area. This 5000 sq km area (about 10% 

of the total national territory) is contained on two 1:200,000 map sheets 

and can be entirely imaged on two Landsat scenes (Path 15 and 16, Row 53). 

Within this are~ eight 1:50,000 scale sheets were selected for more detailed 

land-use evaluation using color infrared photography. A series of map overlays 

from other sources showing geology, soils, slope, drainage and watersheds were 

also produced. The Landsat evaluation was based on analysis of one computer 

4RDA , June 1979.. "Design of a Natural Resources Inventory and Information 
System for Costa Rica: The Pilot Project Report." AID/LA-C-1253, 279 pp. 
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tape of the h~rch 3, 1975 scene of Path 16, Row 53 (Puntarnas) nnd visual 

interpretation 0: Path 15, Row 5~ (Limon). 

The development of an oper~t1o~al capability was supported by a 

sequence of traini~~ activities. Pilots and aerial photographers from IGN 

were given a two-week course nn aerial sUlvey techniques and the handling 

of color infrared film. Almos ... ~]l of tile photography used in the p-roject 

was ohtained froD the "training" flights conducted during the course. 

Five user agency staff members were also given instruction. A one-wep.k course 

was organized at National Space Technology L~b (NSTL) at Bay St. Louis in 

Mississippi, followed by a three-week, more intensive course at San Jose 

State University in Califorilia. Field and on-the-job training completed 

the sequence for the project participants. 

The third goal-providing resources infonnation to support policy 

decisions-is regarded by the project review team as a desired natural 

outcome of the firstwo. 1.: is this goal that forms the' c.cux of our 

discussion in Section 2.2 of this report. Our recommendations for future 

activities stem largely from o~r discussions with potential users of the 

various types of information generated in the pilot project. 
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II. PRO.:' EST kEVIEW 

F.valuation of the Remote Sensing Pilot Project centered on two aspects: 

1) th~ technical procedures and results of the project and 2) the institutional 

aspects. The former is primarily concerned with how the project wa~ carried 

out; the latter, witt the organizational environment that the project is 

supposec to affect. For obvious reasons - including access to information 

and currect standards of comparison - we have much more confidence in our 

evaluation of the technical aspects of the project than in the institutional 

aspects. Nevertheless, we felt it was important to document our limited 

observations concerning the possible adoption and utilization of the 

demonstrated techniques and their pr'Jducts by the various government 

and other agencies in Costa Rica. 

2.1 TECHKICAL ASPECTS 

This ser.tion is concerned with a review of nine aspects of the technical 

procedu~es anc objectives of this project. 

Project Rational~ 

Several assLnnptions, constraints, and realities form the rationale behind 

ROA's inquiries into the use of remote sensing for natural resource inventories 

in Costa Rica. In a technical sense the review team finds no difficulty in 

adopting an equivalent stance. Obviously, resource planning anJ development 

"'ill require a systematic approach to data collection using n.odern survey 

techniques. It is also quite a~parent that urgently needed data are not 

currently being collected by user agencies in GOCR. Tnese conditions, 

when combined with the constraints imposed by a limited number of people, 

the inaccessible terrain, climatic factors, and rapid land-cover conversion, 

certainly argue in favor of using aerial and possibly satellite data. 

Evidence from ~any similar projects in other parts of the world provides 

overwhel~ng supp~rt for the utility of the technology and the basic approach 

being pursued in Costa Rica. 

Our primary concern with respect to the project rationale is that it 

appears to lack a clear perception that remote sensing is just one of 

several tools (or technologies) that are employed in conducting modern 

resource inventories. Many developed and developing country personnel have 

mistakenly assume~ that remote sensing can replace the arduous and time­

consuming process of field data collectionand laboratory analyses. In 

most instances this is not the case, and any project directed at institutionalizing. 
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the use of appropriate remote oensing techniques must eventually address 

the problem of integrating such techni.ques with on-the-ground survey 

procedures. Jf such procedures do not ehist, a plan for ceveloping them 

oust be proposed. This concenl is more fully develoPed in Section 2.2, 

Institutional Aspects. 

Participating Training 

In adopting the position that remote sensing technology can reduce the 

time and expense of gathering natural resource data, we recognize that the 

existing cadre of trained interpreters must be increased. The training 

program and the resulting ~uality of expertise acquired by the participants 

in this project seems to have established a sound foundation for continued 

gro7,olth ie, this area. The five trainees from participating organizations 

received an intensive four-week training program that spanned the use of 

cameras, fi':'m.', and filters, photo mensuration Landsat design and operation, 

and a variety of interF-retatioll techniques. Of the five, four a:-e 

cLntinuing ~o work with the map products generated during field and workshop 

activities. Presumably they ~ly also make use of the mapping techniques 

that were demonstrated. 

We believe the trainees from both the AID-supported pilot project 

and a previous IDB-funded pro}=:: forn. a:1 adequate personnal base for 

an expanded national remote sensing program. Future t rai;~ees, perhaps, 

should not be subjected to s...:c:h intensive period of instruction for hands-on 

workshop activities. Such activities would relieve the pressure of constantly 

having to absorb ne\"- ::laterial without the time or opportunity to puc' previous 

ideas into practice. In this regard it might have bee~ preferable for each 

cf the parti~ipants to address a specific i~'~ividual problem rather than have 

them all concerned with the same mapping effort. It might also have been 

useful, specially in the interpertationof the color infrared photography, to 

provide instruction and workshop activities on the creation of photo 

interpretation keys. 

Future training efforts in Costa Rica should include increasing the 

expert~.se of those alrec~dy introduced tC' the technology. In addition, as GOCR 

capabilities and nep.ds become better defined, formal remote sensing training 

at the University of Costa Rica should be encouraged and selected individuals 

should be sent to foreign institutions for more extensive training. 
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A growch in che ranks of che craineu incerprecers should be macched by a 

growth in che numbers of managemenc-level personnel being incroduced Co the 

technology. Efforcs in che pasc cwo or more years in Costa Rica appear to 

have had moderace Co good success, buc unless.che momenCum is maintained 

there is alwa'js che danger that operational acceptance of the technology 

will never be achieved. 

Data Collection 

The project seems to have been successful in the acquisition of col_ 

infrared photography. IGN obtained excellent CIR 9 x 9 transparencies for 

about 75% of the project area. The difficulties encountered with cameras 

and cloud cover during the ~rocess ~re characteristic of those to be 

expected in humid tropical environments, and lead us to recommend Chat 

such data be acquired as necessary pri~~rily on a project bas~~ Nt-'rertheless, 

for currect inventory purposes, we concur with the RDA recomme ~cic.t: ,~. that at 

least one complete set of new, good-quality, aerial photograpr. :. :.;~ (. c ;lned 

for the entire country in as short a time as possible. 

From a practical standpoint, new aerial photography should be 0 I.d 

as close to the standard 1:50,000 IGN map scale as possible. Th~ .. ~' 

facilitate the transfer of cerrain informaCion Co che F.candard mat' .snd 

make comparisons be cween the L/O easier. 

Color infrared phocography (CIR) was selecced as ~ne Des~ cno~ce, over 

scandard color and panchromatic images, primari:.y for reasons of its greater 

atmospheric transparency and interpretabilicy. However, we consider. the lack 

of black-and-white infrared phocography (w::ich has even better ha7,e penetration 

capabilities than color IR) cO be a serious omission in the projec~. For 

many data handling and reproduction purposes, color IR. photography may be 

less desirable than black-and-white photos, as long e6 the information concent 

on the black and white is adequate. (We note that RDA considered the panchro­

matic photography to be adequate for most purposes except in its haze 

-penetration capabilities; adequate in its information content (especially 

for forestry); and much cheaper and easier to collect, reproduce, and use 

in the Costa Rican environment.*) 

~We regard as impractical the suggestion that portable light-tables can be 

installed in cars, for viewing eIR transparencies in the field. 
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As far as Landsat is concerned, data were obtained ~ither in computer 

compatible tape (CCT) format or as standarc-product color prints. 

Unfortunately the images, obtained in 1975 and 1976,were not good, primarily 

because of extensive cloud cove.r and haze. * (Much better Landsat data 

has since been obtained for most of Costa Rica.) For a ~nual image 

interpretation, exclusive use was made of standard EROS Data Center pr.ints. 

In addition to being at a 1:250,000 sca~e, instead of the ):200,000 scale 

required for standard IGN map purposes, the prints were substandard due to the 

use of an interim photographic process that now is no lo~ger in use as EROS. 

For this pilot project, we believe that high-quality Landsat images produced 

direc t '_·,· from the eCTs should have been introduced. The poor quality EROS 

i~ages probably resulted in an erroneous conclusion concerning the utility 

of standard image-interpretation techniques as applied to Landsat images. 

In many ways manual image inte=pretation (using good quality data) represents 

an inexpensive an~ more broadl:i applicable approach to Landsat data analysis 

than digital computer processing. For comparison purposes, Figure 2 compares 

a portion· f standard EROS image that was used for this project with a 

high-quality version of the same image at the s&me scale that was produced 

later. Note that relativelY high-quality images are now being produced as 

stand~rd p~oducts by the EROS Data Center for the same price as the previous 

produc.ts -- $50 for a 29.2-in6 color print. 

Landsat Data Classification 

The CCT for 3 March 1975 (Path 16, Row 53) was subjected to bot~ supervised 

and unsupervised classification algorithms. The trainees selected some 20 

classes of cover type. Following this the Electromagnetic Syst~~s Labora-

tory created an 86-cluster, unsupervised classification based on 15% of the 

data. These were th~, condensed to 42 classes and, by a process of stratification 

and maximum likel~hood classification, further reduced to 14 printed classes. 

Where the rationale becomes difficult to follow is in the·relationsr.~p 

between: 

* 

1) the 20 classes identified by the trainees (page 56) and the 14 classes 

2) finally printed (page 76); 

3) the 14 printed classes and the 7 actually used in calculating 

identification accuracies (page 115); and 

the 14 classes from Landsat and the 59 categories apparently 

recognized on ~he CrR photography (page 51). 

Figure 5-16 of the RDA r.eport, which compares forest area in 1944 and .1975 
(using Landsat) is higily misle4ding. since clouds obscure subr.tantial 
portions of the 1975 sc~ne. 



FIGURE 2. CO>!P ARI SON OF A PORTI ON OF ERe, STANDARD FCC LAlIDSAT 
IMAGE kVD ERIM DIGITALLY E~a~~'ED L~\~SAT IMAGE 



It appears to us that the categor.ies statistically separable in this one 

satellite scene contain a ~ixture of Level I, II, and III categories as 

defined in the classification for use with eIR photography. Of the 14 Landsat 

categories (Table 2) , 8 have Level II desiinations but six of them are not 

identifiable in the full classification scheme. In addition there are two 

Level III classes and one Level IV class. 

In summary this use of digital c lters (HP 3000 and IBM ~70) to classify 

Landsat data was not successful. Contrary to the r~A recommendations, the 

evaluation team believes that the results presented in the Pilot Project 

report provide sufficient evidence to recommend not using digital classification 

procedures in any operational program. A list of the terrain cover 

classes (RDA p. 65, Table 4-4; that could not be distinguished consistently 

contains all of the Level I categories and many of the categories at Levels 

2 and 3. The detailed statistical test to determine cla~sification accuracies 

indicated poor results ~or most major categories when compared ,.:ith aerial 

photography; for example, only 57% of forest was correctly classified, brush 

was 26%, grass was 70~~, and mangrove was 82~~ on the Tarcoles sheet. Ac(~..!racies 

were even lower for the Barranca sheet. While one can hypothesize about the 

reasons for these poor result!;, the fact is that the ~igital classification 

technology~ considered to be mnong the best available, was not adequate for the 

purpose of consistent and reliable resource mapping in Costa Rica. 

Overlays 

Ihe successive map overlay approach to ecological analysis is widely 

used in the planning professions. The overlay sets produced in the pilot 

project for eight 1:50,000-scale sheets are probable valuable for several 

agencies in GOCR, but that value will only be determined as resource questions 

are asked. Among the most useful and immediately valuable overlays in the 

series are the land-use maps prJduced from 1:40,000 scale· color-infrared photos. 

These eight maps provide detailed information that has apparently never 

been available before, and agencies involved in their production can and 

probably ~ill make use of them. 

We regard the production of a ''biophysical'' map using various elements in 

the overlay series as an effective but not ve~' useful demonstration of the 

versatility of geo-based information systems. Our use of the word "useful" 

is intended only to suggest that a higher degree of acceptance mi~r.t have 

been reached if specific GOCR requirements had been sought out an. one or 
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Forest 

Hanb!'ove 

Coffee 

Grass 1 - Lush-groHi."1C, Green Grass 

Grass 2 - Domin~~tly Dry Grass 

Grass 3 - Dry Grass with Brush Component 

Brush 

Cane 

Ci!tCane 

Bare Soil/Het Soil 

Dr"Dan 1 - Central City 

Ur"Dan 2 - Cor:rrnercial/R""esider..tial, Hedium Density 

Urban 3 - Co:n:nercial/Resicier. tial, Lo\ol Dcnsi t-.r 

other - Hater, Clouds, Shado; .. 



two specific cases addressed. As a matter of fact Sr. Fonseco, Directur of 

CATIE in Terrialba has indicated a need for biphysical data in determining 

potential and optimal cropping patterns in Central America. Bis need for 

soil overlays, however, cannot be met with soil association maps; he needs 

more refi.ned information about soil chemic.:al and physical properties. 

In general terms it seems to us that the adoption of a manual geo-based 

system (that is, one based on sets of overlays cathe!. than computer-based 

digital data) has excellent potential for Costa Rica. However, we regard 

it as a separate question from that of determining land use from remote 

sensing data, and think it deserves a more comprehensive study to determine 

data inputs and expected outputs. The history of manual systems indicates 

a compelling urge on the part of thei: creators i;;) cont inue input uniformity 

even ","hen some of that input is found to be only marginally useful. Any 

decisions regarding source material, levels of data accura~y and reliability, 

and types of data should be based on a more ~areful examination than oc­

curred in this project. In the meantime, we feel that land-use mapping from 

aerial photography should continue as one important input to any geographic 

information system developed for Costa Rica. 

Hap ?roduction 

The methods described in the report for map scribi~and peel coat are 

straightforward and cost effective. It is the evaluation team's understanding 

that these techniques were already being employed by the IGN in Costa Rica 

prior to the Pilot Proj ect " \,'hi1e WE:: fully endorse their USf:, it is not 

clear why so much attention was apparently directed to these in what was 

a remote-sensing-oriented project. In particular, we do not feel that the 

Landsat results warranted the major investment in the production of high­

quality maps based on digital processing. 

Currently there are techniques that allow the geometric correction of 

Landsat images to almost any scale and map projection. The evaluation team 

suggests that cartographically acceptable image-map products (using Costa 

Rica's Lambert projectio.n at IGN map scales of 1:200,000 and 1:50,1')00) would 

have been more appropriate and useful. 
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Classification Analvsis 

The statistical techniques empll')yed j.!i the project for assessing Landsat 

classificat~on accuracy a:-e widely recognized". The element that is most 

lacking. however, is actual ground truth or sample area enumerations: 

Throughout the analysis, classification accuracy is based on the compari­

son of Landsat digital categories witr: CIR photographic categories (used 

as ground truth). Since they were not the £ame categories identified 

earlier in the report, it is somewhat difficult to interpret the meaning 

of the values given. Only five of the 14 Landsat classes are compared, and 

one of these, bare soil" was previously shown to be easily confused with 

several other classes. ~oreover, only data froffi the Tarco1es and Barranca 

sheets were analyzed and both of these were interpreted by RDA !'aLher than 

GOCR personnel. \,1e have no i.nput regarding interpretation accuracies obtained 

by the Costa Rican participant~;. 

The absence of ground truth is of more than passing concern. In its 

earlier cost effectiveness stuc1y, RDA reported that only 82% accuracy could 

be achieved for ten categories derived from CIR photography at 1:20,000 

scale (RDA, 1978. p. 28). Us ing a scale of 1: 40, ()')O one could expect even 

less accuracy, but we don't know in ... 'hich categories. How can we, therefore, 

compare Landsat with photo-derived data and draw valid conclusions regarding 

the accuracy of the former? 

Aside from the interpretation accuracy, we &re given data comparing 

sensor measurements from Landsat and aerial photography. Here again: the 

results are difficult to assess. Of the twelve categories, a comparison 

could only be given for four (forest, brush, grass, and mangrove). It ap­

pears that "brush" is over-estimated on Ldndsat and forest is under-estimated, 

using CIR photography as the ground-truth base. {'!by b~ther to generate a 

14-class digital map from l:':1dsat if only five classes can be verified and 

only two can be fairly accurately measurcj? 

Our criticism is not directed at RDA or its methodology, ~ut is in­

tended to endorse our conclusion that mcnual image analysis is best applied 

in Costa Rica at 1:200,000 scale, for Level I categories primarily. Clearly. 

additional work is required before the utility of Landsat data can be deter­

mined at 1:50,000. 
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Cost Anal vsis . 
In calculating cost effectiveness the Pilot Project considered the costs 

of data collection, processing. analysis. fielci checking, and map production 

for Level I forest-cover maps at 1:200,JOO; and Level II/III land-cover maps 

at 1:50,008. For mapping at 1:200,000 scale the following summary values 

are given (from RDA, 1978, y. 1~8). 

Landsat Pan B&'(..l Color eIR ----
1:40,000 1:20,000 1: 40,000 

Total Cost (R) 8K 9.3K 32K l4.2K 

Total Time (months) 1/2 mo. 6 mos. 19 mos. 6 mos. 

Cost/Hour $92.50 $9.00 $9.60 $13.65 

These are reasonable numbers and on the surface it would seem cost­

effective to proceed with a Level I Landsat digital mapping project for the 

entire country at 1:200,000. We do not recommend this, however, for the 

following reasons: 

1. There is nothing to show that a digital analysis of enhanced 

Landsat images provides more accurate forest-areamforQation 

2. 

than a visual analysis; 

The difference between Landsat accuracy and that r~quired by 

the user agencies has not ~een determined. Since no inventory 

of forest area currently exists, one can argue that any level of 

reliability above ambience is acceptable; if that is so, a 

visual analysis w()uld s::: much :.ess expensive and just as fast 

as a digital analysi:.; 

3. It bas not been determined that the 14 classes proposed in the 

digital analysis have any inherent value to GOeR users. A more 

exhaustive survey of user information needs is clearly warranted 

before a classification scheme for the 1:200,000-scale land-use 

maps is produced. This would best be done by IGN personnel. 

4. It has not been demonstrated that GOCR's need for data has suf­

ficient priority to warrant a $92/hr investment and two-week 

delivery. In view of the demonstrated value added by utilizing 

panchromatic and CIR photography, it seems more cost-effective 

to adopt one of those strategies at $9 or $14/hr. 
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The strongest argument we can make for Landsat data in a country the size 

o! Costa Rica is that the data Cln be .used relatively quickly once a suitable 

image has been obtained (cloud (;over permitting). We strongly urge that 

the GOCR continue to request collections of Landsat data from KASA. There 

are already enough users and ongoing proj~cts in the country to warrant new 

and better satellite coverage. 

At 1:50,000 scale it has been shown that color and color-infrared 

photography is better than panchromatic black and white photography in terms 

of interpretability. We encour.age the future collection of eIR data at 

1:40,000 as a base for detailed resource analyses on a project basis, but 

not cn a periodic national besis without in-country color processing facilities. 

The comparison of costs for Le'lel II/III land cover mapping between eIR 

and Pan B&W are given below (ru)A, 1979, p.176). While there is little 

difference in their costs per hour, we are skeptical about the time required 

to interpret the black and white photos as compared to the color infrared. 

Total Cost (R) 

Total Time (hours) 

Cost/Hour 

Per t-lap Sheet 
CIR (1:40,000) B&W (1:30,000) 

$1,987 

420 

$4.70 

$3,782 

800 

$4.70 

Many resource surveys are conducted using photographic prints in the 

field -- soil surveys, geologic surveys, forestry surveys, etc. Each of 

these has particular scale and format requirements. Often observati~ns 

and mapping are recorded directly on the prints, which are used for later 

map drafting in the office. Therefore, photos should be cheap, accessible, 

and expendable. We believe that for many (but not all) purposes, black aLd 

white prints fit this description better than imported color transparencies 

or prints. 
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2.2 Institutional Perspectives 

ruring its brief visit to San Jose, the evaluation team met with 

seve;al user organizations of remote sensing derived information. there 

were many others that we did not have the opportunity to visit, but we 

were impressed by what we believe to be an utgent and broadly-based need 

for land resources information-a ne~d not currently met by existing. 

data or information systems. At many levels of society decisions concerning 

the exploitation and development of resources are being made -- and frequently 

made without access to information concerning the current environmental 

situation. In part cular, alienation of land for grazing, timber cutting" 

crops and urban expansion seems to be occurring in an unplanned and haphazard 

fashion. Those individuals and organizations that are concerned with re.source 

management and development and environmental protection are potential 

users of either the remote sensing data directly or of the information 

derived from remote sensing. Those organizations can be categorized as. 

1) private sector, 2) national government, and 3) international (donor) 

agencies. 

Private Sector 

Historically Costa Rica has developed under a decentralized system 

of clecision-makir.g and private. investment that continues to this day. 
Out of a total investment of 3,446 million colons in construccion, plant 

and equipment in 1978 ffiore than 65% came from private ra~n~r than public 

sources. Much investment goes to agriculture and grazing which provides 

most of Costa Rica's foreign exchange. Thus the private sector is likely to 

be one of the major end-users of remote sensing products and inform~tion. 

For better or for worse, private individuals and companies will make use 

of aerial photographs for determining the best areas for forestry, 

agriculture or urban development. They will monitor their activities 

and investments with available imagery. En~rgy companies may make use 

of Landsat data for locating promising sites for mineraJ. exploration 

or water resources. To the extent that such information allows develop­

ment to progress in an enlightened manner, remote sensing products will 

be useful in promoting further economic development. Those that harvest 

resources illegally or d~structively may fear that collection of current 

images will result in their discovery and reduce the scope of their 

activities. 
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National Government 

National governments are the prime mobilizers of resources for 

national development and enviro~ental monito~;~g. The GOCR has recently 

recognized the need for greater coordination 'of planning relating to 

land resource development and ~nvironmental protection. This r2cognition 

is implicit in the illititation of a national planni:lg process 

ldth the establishment of a planning organization (OFIP1AN), and preparation of a 

national developuent plan as tht, first step. The national plan seeks to 

interrate into a coord],na~ed framework the various projects relating to 

forest de"e:'~'lpment, l\ational parks and reserves, agricultural development, 

land use plann~ng, transport3tion, hydroelectric energy, and economic 

and social conc~rns. For such a planning process to work, the GOCR needs 

to establish an a~~~r&te ~esource ctata base from which sound decisions 

can be made. In addition, it must convince the National Congress of the 

need for mechanisms to enforce resource regulation and monitoring. Remote 

sensing is clearly one of several tools that are properly directed at the 

need for current and accurate resources information. 

A number of Costa Rican government institutions are either intermediate 

or end users of remote sensing da~a. As identified in Table 3, some 

18 national agencies and educational institutions are potential users of 

remote sensing products. However, it should be noted that the products 

required by one agency may differ from those required by another. Therefore, 

it is important that the various agencies have access to either the remote 

sensing data ~ ~ and/or to map products deriv,d from these data. Some 

will s~ek to use the images directly others will depend on IGN-deve19ped 

maps. 

In no area is land resource information more critical than in 

forestry. The evaluation team's visit to the Forestry Department indicated 

a pressing need for up-to-date information but almost no ability to obtain 

.this informat~on. The stated GOCR requirement for basic forest information 

provide one of the principle reasons for the Pilot Project. Sixty-six 

forest inspectors have the requirement to evaluate and approve permits for 

cutting timber and converting forest land to agricultural land. In Costa 

Rica some 200,000 people earn their living from forestry in all parts of­

the country -- far more than can possibly be monitored with the meager 

27 



TABLE 3. 

Selected Remote Sensing User Organizations in Costa Rica 

- 11.1iniste:"10 de AgTlcultura y Ganaderla (i,tAG) 
- Hini.:;te r io de Obra s Plibl i ca s '" T ram: po rte s (MOPT) 
- Instituto de Tierras y- Co1onio:.acion, OTCO) 

Instituto de Forr:ento y Asesorla l'.1ur.icipal (LFAM) 
- Instituto Naciona1 Ce Vivie:1cia y l'rbanismo (II'\VU) 
- Instituto Costarricense de E1ectricidaci (ICE) 
- Instituto I\"aciona1 de 5e~uros (1:'\5) 
• Instituto Costarricense de Turismo (lCT) 
- Instituto -:ostarricense de Acueductos I! Alcantari.llados (ICAA) 
- Junta de Admi:1istracion j' Desarrollo d'e 1a Vertiente Atlantica 

(JA?l)FVA) 
- 0 f 1 C ina de? 1 a :1 i f i c a c Ion 1'\ a c 10 n a 1 '" POll tic a E c 0 n 6 r.1 i c a ( 0 F I P LA ~. ) 
- Servicio ~<aclOnal de Electricidad (S;\'E) 
- Dlreccion de Geologia, Minas y Petroleo (DGMP) 

- Municipa1idades 
- Universidad de Costa RicCI. (UCR) 
- UniversiJaa I\acional (UN}~) 
- In:;tituto Tecno1ogico de Costa Rica (ITCR) 
- Corporacion Costarrice:-:se de Desarrollo (CODESA) 
- Centro .t-..gronor.1ico TrODica1 de Investigacion y Ensenanza (CATIE) 

Cer,tro Cientliico Tropicc:.l (CeT) 
- .A.;enc:c. para el Desarrollo lnte::-nacional (P.ID) 
- Banco l:1terc.mericano de Desarrollo (BID) 
- Com])c.fila Bc.nanera / ... t1antica, S.A. (COBAL) 
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foestry personnel and facilities. Int. F. Ocampo C., sub-director of 

forestry. stated that remote sunsinb d~ta could be used to demonstrate 

the extent and seriousness of the deforestation problem to the National 

Congress as a first step in obtaining the financial resources that ar.e 

necessary to develop a system to monitor and regulate fUl:cher f.),est 

ex?loitation. All but the most remote forest areas are under se.I .ous 

pressure and of his staff of 397, only four are curren~ly trai~e( .J 

make use of remote sensing products. The eva":"lation team believ~s that 

both recent aerial photography and recent Landsat images c~~ be of 

substantial help to the Forest=y Departmect. 

Another beneficiary of recent remote sensing data would be the 

Agricultural Sector Planning O:fice (OPSA) in their efforts to develop 

an area frame samplinf.; st:rateg:, for annual c-:c? in"entories. Being 

developed in cooperation with the U.S. D~pErtment of Agriculture, the 

area frame requires aerial photo~raphy for stratifying the land surface. 

In Guanacasta, the first ;->ro'\ 'cl~ce to have a partial frame established, 

existing aerial photography is out of date and frequently of marginal 

quality. New photography would materially help this AID-supported 

activity. 

P~ny other public agencies could also employ new r2mote sensing data 

or their derived products. The Ministry of Agriculture and Grazing could 

oonitor rangeland conditions and be advised of the acceptance of certain 

conser~ation practices. The Ministry of Pu~lic Works and Transport. could 

plan new routes; the Institute of Electricity (ICE) could monitor watershed 

conditions for their hydro-electric dams 3mong others. 

International Assistance Agencies 

A number of foreign-funded agencies and organizations operating in 

Costa Rica seek to improve the economic well-being of the local 

population. Sometimes working relatively independently but often working 

in close cooperation with the GOCR, these agencies also have a basic need 

for resource and environmental information in planning and impleoenting 

there development projects. Two of many examples are the U.S. Agency for 

International Development (AID) and the Inter-American Development Bank 

(IDB). 
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As an example of requirements for resource and environmental 

information we cite AID's twenty-one mlllion dollar Natural Resources 

Conservation Program. This program is directed at strengthening the 

technical and institutional mechanisms through which the GOeR manages 

the country's renewable natural resources. Over a five-year period a 

number of pilot watershed, refore~tation, timber harvesting, range 

improvement and conservation education ~rojects will be launched. At the 

outset :he program recognizes that OIinforoation on resources and their 

uses in geographic areas requiIing priority attention is not adequate" 

and identif ies the IG~; as providing crucial new resources information 

in concert with the Ministry of Agriculture and Livestock (MAG). SQme 

$63,500 in loan funds have been identified for purchase of satellite 

imagery and aerial pt:)tography for "the plan areas". It is not clear whether 

this amount is intended for collection of data only or where it includes 

data interpretation and reproduction. In any elent, this ,amount seems 

like a very conservative figure for the number and size of geographical 

areas that need to be recorded and monitored. P~so, the conservation 

education projects should include instructicn on the use of remote 

sensing images and cartographic products. 
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III. CONCLUSIONS AND R!:COMHENDATIONS 

The following discussion is bnscd,on Section II of this report. 

3.1 Conc Ius ions 

The evaluation team was impressed with t,he quality and comprehensive­

ness of the work performed for the Remote Sensing Pilot Project and 

especially with the exhaustive documentation available for review. While 

the team basically agreed with the rational and conduct of the project, it 

disagreed with several of the technical conclusions that were drawn and, 

more particularly, with several of the recommendations. In disagreeing 

the team drew primarily on the project's own data but in several cases 

noted the omission of important: data. These omissions included the use of 

black and white IR photography and high-quality enhan-:ed Landsat images, 

We believe that the projec:t did not succeed in establishing precise 

user agency requirements for ~lformation, and that therefore the proposed 

follow-on program would be of somewhat uncertain utility. However, we 

also feel strongly that suff1cient interest in and justification for a 

resource inventory and monitor:Lng system exists in Costa Rica, and that 

AID should proceed with implementation of Phase 3 - the National ?rogram 

in concert with the Inter-American Development Bank and the GOCR. To that 

end we have evaluated the need for implementing such a system and recommended 

a number of ele~ents for the program. Remote sensing rep~esents the most 

cost effective and, in most cases, the only rational means of obtaining 

large-area forest, agricultural, and urban resource information. Such a 

program should include the use of both satellite and aircraft imager~ in a 

multistage approach, but should be largely independent of non-Costa Rican 

processing and analysis facilities. Training, data, and equipment support 

should represent the backbone of any U. S. assistance to CClsta Rica for a national 

resources inventory program. 

3.2 Recommendations 

The evaluation team recommends that: 

(1) the IGN bedesignated as the lead agency for carrying out a high­

priority national resources inventory at map scales of 1:200,000 and 1:50,000; 

(2) soils, forestry, agricultural crops, range condition, watershed 

characteristics, and urban planning be included in this inventory; 

(3) high-quality digitally-enhanced Landsat imagery be used as a basis 

for the 1:200,000-scale inventory and 1:50,000 black and white photography be 

used for the 1:50,000-scale inventory; 
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(4) the 1:200,000 scale inventori~s be updntcd every two years with 

nc~ Land~at data and the 1:50,000 sc~lc inventories be update evcry five 

years with black and white photography; 

(5) color or color infrared (CIR) photography be collected for specific 

projects and reproduced at a scale and in a format appropriate to the 

information needs of the project; 

(6) the IGN seek to expand the base of users for both the project 

map and the photographic products by conducting training sessions; 

(7) an experimental digital data-processing capabilJ_ty be developed in 

Costa Rica in cooperation with a U.S. institution, ~sing existing computer 

hardware and personnel; 

(8) AID continue to supply technical assistance in the area of remote 

sensing and geographic information systems (GIS) through one or more 

qualified U.S. contractors. 

3.3 Suggestions for Follow-on Activities 

Technical activities that ~ould help support an eventual Phase 3 -

operational program are the following: 

Training. Both short term and long term training in remote sensing 

and resource inventory techniques are necessary. In particular, we believe 

that at least one person should pursue a 2-year graduate program in the 

U.S. directed at modern resource mensuration techniques emphasizing air­

craft and satellite remote sensing. U.S universities that offer this type 

c:~ :_.: .. ,urs degree program include Pennsylvania State University, Cornell 

University, Purdue University, South Dakota State University, The University 

of Michigan, and the University of California. 

Short-term training can and should be conducted in Costa Rica. USAID 

should contract with any of the above or other qualified institutions to pre­

pare and conduct a one-to-two week seminar/workshop for Costa Rican resource 

surveyors and managers in cooperation with IGN. Such a seminar/workshop 

could acquaint a much larger number of Costa Ricans who are in a position 

to make use of available remote sensing products than if it were held in 

the U.S. 

Data. It is essential that good quality aerial photography at a scale 

of appr(ximately 1:50,000 be obtained as soon as possible. We believe this 
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10'111 serve :11; ,I h:I~:j r. for 11111('11 of t I.e' .rc'!;nlln~(' nurvl'Y .lIlel 111(1111 t or J IlJ~ 

requirements that are currently evident. Panchromatic photography should 

be suitable for this purpose. 

Color infrared (CIR) photography should ~e obtained for project areas 

concerned specificRlly with renewable (vegetation and water) resources. 

The scale and season of the imagery should be consistent with the specific 

information requirements of th,: project'. 

High-quality Landsat images, geometric~lly corrected and scaled to the 

standard 1:200,000 IGN map sheets, should be obtained for the entire country 

(9 sheets). 

Eouipme·"t. Equipment for analyzing and interpreting remote sensing 

data need not be sophisticated, but it must be available to those making 

use of remote sensing pr0ducts, Specifically, hand and laboratory stereo­

scopes, zoom transfer scopes, light tables, planimeters, and annotation 

materials should be available :0 the (hopefully) many people who will make 

use of the photos and images. These can initially be made available through 

the facilities of IGN, but a number of agencies will eventually need some 

basic in-house equipment. 

F.acilities. IGN should p:rovide facilities for using and distributing 

the remote sensing data products. This facili ty should include a public 

browse-file of data available, reference material, information on the 

various data products, and equipment to aid in the manual interpretation 

of such data. The facility should have staff that are responsive to user 

organization needs and requests, Other countries have established nBtional 

remote sensing cc;nters, ',.::: ::', t\.,'o l'r three staff members, to serve this 

purpose and we recommend Costa Rica do the same. 

Research. A number of technical issues remain to be addressed in 

defining an operational survey program based on remote sensing. We believe 

further applications research should be conducted in the use of different 

aerial photographic film filter combinations. In particular, we would like 

to see black and white IR tested with color infrared film for economy and 

interpretability. 

Also a number of multitemporal studies using current Landsat data 

are feasible and should be undertaken. These studies would be directed 

at quantifying land cover (especially forest) changes recorded between 

1975 and 1979. Both digital and photographic techniques can be employed. 
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If Costa Ric~ lIas a suitable digi(nl computcr systcm available, a 

research-oriented digital data processing capability should be developed. 

Such a low-cost capability will allow quantitative analysis and testing 

of Landsat data at its full 80 meter resolution. Several organizations 

in the U.S. offer Landsat data processing software packages for free 'or 

at nominal prices - inclu~ing software p'rovided under AID support for other 

countries. 

For this research it is advisable that cooperative institutj~n-to­

institution ties be developed with a U.S. counterpart. A number of 

educational or non-profit organizations in the U.S. are qualified and willing 

to provide this type of arrangement under AID sponsorship. 
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a1Jr.CJLa. at 6 a..c.A.1.i.;ty hta. 6 6 llJ1d yo LLIL .<..mag e ruw.i.Lj.6.i..h h,ta. 6 6? Wah .the/Le. 
need 6 OIL mone OIL .£.e.o h .tJut..Uu.ng OIL .:t/L.a..Ul.61f] 0 0 a cU..66 e.ne.n.t. zyp e.o ? 



" - " -

( 7) J.'.u..ch 0 6 .th 2. p.w j e.ct u.lU c.o nc.W! ed w..Uh de v eJ:.o p.utg a. 
mWtod.Dtogy 60"- geog''tilp.rl.U! .u1nOlUlla.:U..on d..tUA. ba.6e ba.6ed on a. ~?JU.e.& 
o 6 .t'LaJ ~ pa./t. CJLt a v C.Jt1..a.yt:. • It..tlu:..o ap p!LO a.ch a.p p.'tO pJt...W..:te t OIL Co~.to. 
1Uc.a.? (UU yo u be .i.mp.te.. 71 C!J ~1g ..0 u.ch a .6 yt:.:t CJn .u1 ;Ch e P ha..o e 3 -
1Ja.V.onal P,'t.{) j ect? 

( 8) A.o a ItUo u.t:t 0 I) :tJJi.6 pM j eu, wha-t p.t.aJi..6 0It ac;ti.,vilic/:; 
at'; you .tJl..{..l1.k .the GJCR Lc.{..U UJ1dC!.4ta.ke-.vlc...f.J..u:U.ng .:tJle Na...t.UJnal PMJgr..am? 

(9) (:.Iha,t iA IGN't. Q.JutU..a.t buciBu and how many pe"M~ltnel Me 011 
ym.vt ~:ta.6 6? 

(10) How r.JQ.Jl!/ ma.p!. (1; ZOO, 000 aJ1d 1: 50, OOO) do e..o IG!J p:z.ov.<.d.e tJJ 
U/:; Vt.h each !Jea.I!.? Ulz.a.:t iA .:thc. c.ot:..t a C ltep.'LOcW.wlg 6 & w aeJt..i.ai. 
pho-to 9 ,'l.a.phU? 

A..o !fou know, YOWL [.vwmp:t QJi..6l'..'Z/I..6 .to .tJIe6 e q~e,!>;U.lHi..6 I/Jill. h '.i.p 
U/:; c. va.tu.a..tc. .tit e t. ucc. eM 0 6 .th e P.il..o:t P:w j ec.:t and It e.c.or:;m eJId adeJ...u.<..o n.o.l. 
ac..t.<. v..[;t.i. Co J...n :tJ 1 e 6 u..:twz. e. p.e. e.a..6 e 6 e e1. 6 Jz. e e .to a.J1!': :~ .. '!. eJ..,til c.It. .vI 
Ei:gwh a,'!. Spa.r...l6h. 

TW:mp& 

S{;1.C c.It. ely , 

Tom (~a.glHUt 
Strut :,iotuWt 
(AID Eva.tua.tion Team) 

c.c.: Zng. HeJt..i.be-uo RodJUouez - AIV 



Mr. Tom Wagner and Stan Morain 
AID Evaluation Team 

Dear Sirs: 

In answer to your letter of the 25th of September about the activities 
devel~~ed by this institution for the A~D Pilot Project in Remote Sensing 
and abolt the plans for utilization of obtained data, permit me to inform you 
that: 

1. The products supplied were the following: 

a. two computer compatible tapes (CCT) 
b. 252 color infrared aerial photographs 
c. theme maps (drainage, soil, slope, geology, waterways, land use) 

(these are topographic maps of a scale of 1:50,000) of 
Rio Grande, Naranjo, Barva, T~rcoles, Golfo, Mat ina , Barranca 
and Abra, and tcpographic maps of a scale of 1:200,000 of 
San Jose and thE city of Limon (material ,'n negat ives and 
slide~) . 

2. Government~l institutions and private organizations that use products 
of remote sensing and cculd utilize product generated by this project: 

- The l1inistry of Agricc.lture and Cattle (MAC) 
- The Ministry of Public Works and Transport (MOPT) 
- The Institute of Lands and Colinization (ITCO) 
- The Institute of Development and Municipal Assessment (IFAM) 
- National Institute of Housing and Urbanis~ (1~~U). 
- The Costa Rican Institute of Electricity (ICE) 
- The Na~ional Insurance Instit~te (INS) 
- The Costa Rican Institute of \,"aterways and Sewage (IeAA) 
- The Costa Rican Institute of !ourism 
- The Administrative and Develo!J::lel,( Council for the Atlantic Watershed 

(TAPDEVA) 
- Office of National Planification and Political Economy (OFIPLk~) 
- The National Service for Electricity (SNE) 
- The Off ice of Geology, Mines ar.d Petrolellrl (DGMP) 
- Municipalities 
- The University of Costa Rica (UCR) 
- The National University (UNA) 
- The Technological Institute of Costa Rica (ITCR) 
- The Costa Rican Corporation for Development (CODESA) 
- The Tropical Agricultural Rese~rch a~d Training Center (CATLE) 
- The Tropical Science Center (CeT) 
- The Agency for International Develc?ment (AID) 
- The Interamerican Development Bank (BID) 
- The Atlantic Banama Company Inc. (COBAL) 

3. All photographic and cartographic products are available for those 
interested in the Geographic Section of this Institute. All of the 
material is filed and will serve as a resource for all types of 
investigations. 



4. The principal type of use of this 'information is for integrative analysis 
of resources in ar.y physiographic or socioeconomic region in the study 
area. The maps will serve as a basis for carrying out reconnaissance 
in these areas and the interpretation in detail of the aerial photographs 
will facilitate study of the resources in these same areas. 

5. A) Contribution of the National Geographic Institute (IGN): 

- Taking of infrared, color, and black and white aerial photographs 
Field work and transportation 

- Laboratory work: photinterpretation and cartography 
- Materials: theme and topographic maps, materials for drawing and 

photo interpretation 
- Basic pnoto6rammetry equipment 
- Technical specialists 
- Elaboration of slope map.s, 1:50,000 

B) Contribution of other institutions (MAG, INVU, OFIPLAN, UCR and ITCR) 

- Field work 
- Laboratory work: photoi~terpretation 

- Speciali,ed technicians (from each agency) 

C) Approximate costs (US $) 

IGN MAG INVU OFIPLAN UCR ITCR 

Salaries 9,500 2,400 2,100 2,100 2,500 2,500 
Per diem 850 400 200 200 300 100 
Vehicles 3,500 2,300 1,400 1,500 1,500 1,300 
Aerial Photos 55,OCO 
Haterials 4,500 50 50 50 50 50 
Equipment & 5,000 300 300 300 350 300 ---- --- ---other 

facilities 
TOTAL 78,350 5,450 4,050 4,150 4,700 4 ,250· 

6. The National Geographic Institute will not participate directly in the 
training program of the aforementioned project, however, the acquisition 
and inte=pretation of infrared aerial photographs permitted the under­
standing of this remote sensing technique on the part of personnel of 
this institute. Training was necessary owing to the fact that no one had 
w~rked before with photographs of this nature. 

-7. There does not exist in this country a system of geograpn~c information. 
Because of this the series of transparent overlays will serve as a base 
for a data bank to be implemented in the third stage. 

8. The national stage will include an inventory and control of the forests 
of the country, as well as a more effective program of control of 
cultivation in the most appropriate zone for each crop (potential use). 



9. National Geographic Institute: 

a. Annual Budget: 

1. National: 7.821.i47.00 (US$ 909,505.46) 
2. Topographic:l.236.i05.00 (US$ 143,802.90) 

9.058.452.00 (US$ 1,053,308.30) 

b. Personnel: 

1. Technical 86 
2. Administrative 59 

TOTAL 145 

.0. Products of the IGN 

a. Average of maps sold f~ch year: 

1. scale 1:200,000: 4,250 
2. scale 1:50,000: 42,000 

b. Cost of reproductions (black and white): 

1. aerial photographs: 
a) standard size = 30,00 
b) amplification 20" x 20" 0:: 130,00 
c) amplif iea tfon 40" x 40" 0:: 620,00 

2. Landsat Images: 

a) scale 1: 1,000,000 0:: 30.00 ( 3.48) 
b) scale 1:500,000 = 130.00 (15.11) 
c) scale 1:250,000 0:: 620.00 (72.09) 

Sincerely, 

($3.48) 
($15.11) 
(72.09) 

National Geographic Institute 
lng. Fernando M. Rud1n Rodriquez 
Director General 

http:1,053,308.30
http:9.058.452.00
http:143,802.90
http:Topographic:1.236.705.00
http:909,505.46
http:7.821.747.00



