
LANDSAT Remote Sensing of Natural Resources: The 
Bolivian Experience 

Internal IDRC Report of an Evaluation 

"LANDSAT" REMOTE SENSING OF N A T U R A L  RESOURCES : 

T H E  BOLIV IAN EXPERIENCE ' 

BogotB, Colombia 

Luis Ramiro Beltrdn S. 
Deputy Director, L A R ~  

January 8,1980 



CONTENT 

Page 

INTRODUCTlON 

THE PROJECT 

THE QUESTIONS 

THE ANSWERS 

E ffectiveness 

1. Were the project objectives achieved? 

Accomplishment of Objective One : Map Production 

Subabjective 1 : Geology (Regional and Mineral) 
Sub-objective 2 : Geomorphology 
Sub-objective 3 : Hydrology 
Sub-objective 4 : Soils 
Sub-objective 5 : Land Coverage and Use 

Accomplishment of Objective Two : Training of Scientists 

2. I n  the light of human, institutional and financial resources available, were 
objectives realistic and achievable? 

3. What technical and administrative problems were encountered? 

Technical problems 
Administrative problems 

Impact 

4. Was scientific personnel effectively trained and institutional capability enhanced? 

5. Are you now in a position to carry on this work with your. own resources? 

6. What contribution has the project made, or might make, to the development of Bolivia? 

7. Has the project made any contribution to the region's development? 

Other Considerations 

8. What cooperative linkages were made with individuals and institutions in other 
countries as a result of the project? 

9. lllhat are the advantages and realities of regional cooperation in this field? 

10. What comments do you have on the technologies and methodologies used? 

11. Was IDRC's involvement appropriate and useful? Might it have done differently, 
better, etc.? 

Supplementary Question, 

12. Should the existence of a multi-agency users committee be taken as a pre-requisite 
for these projects? 

13. Although remote sensing may be much more productive than conventional 
methods for detecting natural resources, it may s t i l l  not be inexpensive. What 
do you feel about it? 

14. Did the project augment the international negotiation ability of your institution? 

15. Are there any substantive differences between centers devoted to remote sensing 
training? 

16. Why should IDRC get involved in remote sensing when there are other international 
agencies better equipped to support i t s  use in developing countries? 

SUMMARY 



INTRODUCTION 

A three-mon IDRC mission (Tony Price, B i l l  Bruce and Luis Ramiro Beltr6n) was 
s,cheduled to conduct i n  La Paz, Bolivia, a one week evaluation o f  Project 
ERTS-DESAGUADERO RIVER-BOI-IVIA (3-P-74-0136) i n  the 'f irst week o f  November 
1979. A coupe d'etat shook the country on that very week, preventing the arrival 
o f  the evaluators ro i t .  Given the situation, IDRC decided that Price and Bruce 
went ahead t o  evaluate comparable projects in  A f r i ca  whi le  Beltr6n would wai t  
i n  Bogot6 a better opportunity to go by himself to  La Paz. The closest one came 
in mid December 1979. 

The ERTS Project evaluator had to depend upon only  one source of  information 
and opinion for the evaluation: project leader Carlos Brockmann, the director of  
the Technological Natura l  Resources Satel l i te Program hosting the project at the 

' 
Bolivian Geological  Service-(GEOBOL), a descentralized agency o f  the Ministry 
o f  M in ing  and Metal lurgy.  k7his restriction was imposes  by^ the l imited time avbi l -  

able for t h e  inquiry (fo"; days)bnd by the fact t h i t  the pol i t ica l  upheaval had made 

acute the iob instabi l i ty not unusual i n  the countrv's ~ u b l i c  adrninistratio2. This 
meant that there was no opportunity for the evaluator t o  confer either w i th  

Brockmann's aids or w i th  appropriate off icers in  agricultural and mining government 
agencies that could be regarded as actual or potent ial  users o f  the information 

produced by the project. In any case, however, Brockmann would have remained 

the chief respondent for, evidently, no  one i n  the country i s  as, deeply famil iar 

wi th the proiect's nature, performance, l imitations and consequences as he is .  

The interview sessions were conducted a t  the GEOBOL offices i n  an  informal manner 
and without a highly structured daja gathering instrument. Each question in  the guide 

was read and clar i f ied. Once the respondent produced each answer, the evaluator 
often asked for clarif ications especially when the response was couched in too 
technical a language. Once discussion was fel t  suff icient by both parties, the 
evaluator recorded the respective answer by typing i t  in  front o f  the respondent and 
read itbto him at once for verification, seeking t o  capture wi th as much f ide l i ty  as 
possible the essence o f  the statements. Thus, during the total o f  some 15 hours o f  
interviewing, much more was said than i t  went recorded in  draft wri t ing. Addi t ional ly ,  
the evaluator recoursed to scanning pertinent documents and publications from both 
IDRC and GEOBOL files. Also, in  order t o  be able to  grasp at least the 
essence o f  remote sensing in general, the evaluator became acquainted wi th a few 
basic technical writings on this matter so as to  have the indispensable background to 



dialogue with Brockmann - */. 

For the convenience of systematic asking and reporting, some minor adjustments 

were made without altering the evaluation's objectives to the general interrogation 

pattern prepared in  Ottawa. The original set o f  questions was recomposed in 

spbsets determined by afinity of topic. A few questions containing more than one 

element were split to make their handling easier. N o  suppresron was made but a few 
additions were introduced to include some concerns expressed in  statements by 

Woolston and Pitblado **,bs well as in  cn analytical summary of on IDRC sponsored 
workshop on remote sensing ***  / .  - 

The respondent was most cooperative and outspoken. Ha mode himself fully and 
gladly available to the questioning and did not seek to influence the evaluator's 
own assessments or attempted to deny shortcomings of the proiect he had designed 
and conducted. He was pol i te in reference to IDRC but not insincere. 

*/ Bolivia. Ministerio de Mineria y Metalurgia. Servicio Geol6gico de Bolivia. - 
Prograrna del Sat i l i te Tecnol6gico de Recursos Naturales ERTS - Bolivia: procesamien 
to digital de datos multiespectrdes; 6rea bsaguadero. Proyecto experimental. La 
Paz, GEOBOL, 1977. 58 p. (Contribuci6n especial, serie sensores remotos, no. 01); 
Bazan, R. Review of the current status and future needs for remote sensing and 
technology transfer in Latin America. Document presented at the Seminar on Remote 

Sensing Applications and Technology Transfer for International Development. (Ann 

Arbor, Michigan, 18-21 Apr. 1979). Howkins, J. Remote sensing: photographing - .  - .  - .  
the ebrth. lntermedia (~or;don) 6(2i: 6-8. AD;. 1978: Ploman , E.  Remote sensing: . -  - , - ,  ,- - 
the uses of information. lnterrnedia (London) k(2): 13-14 6(2j: 9-10. Apr. 1978; . . .  . . 

Remote sensina: uses around the world. lntermedia (London) 6(2): 11 -12. ' ~ p r .  
w ~ , . ,  

1978; IDRC. Remote sensing in the Sudan, 0t tawa; IDRC, 1978. 36 p .  (IDRC-TS(~). 

* *  / Pitblado, J.R. IDRC Remote sensing projects: proposal for an evaluation. - 
6 p. (mimeo); Summary notes on Woolston's comments during meeting (rnimeo). 

***/ Daniels, W. D. Comments on Nairobi evaluation paper. Comments on the - 
Workshop on Remote Sensing Application in Developing Countries, Nairobi, Kenya 
6-10Mar .  1978. (rnimeo). 



Exprctedly, the evaluation was not performed i n  the t ems o f  a highly "objective" 

survey based on rigurous quantification of systematically obtained data. I t  was, 

obviously and unavoidably, a subjective appraisal based essentially on personal 

impressions and on an informal judgement of information and opinion directly 

provided by the respondent in the interview sessions and indirectly supplemented 

by the reading of pertinent documents by the evaluator. Impressionistic rather 

than empirical as the assessment admitedly had t o  be, this report w i l l  strive non- 

theless to control for any possible bias. 

The answers recorded are the product of coincident views of Brockmann and 

Bel tr6n resulting from their extensive disscussion. In a few indispens able cases, o 
statement by arockmann i s  singled out verbatim and in  quotes. But this does not mean 

that there was any substantive divergence between them. Nevertheless, responsibility 

for what i s  said in  the present report goes only to Beltr6n. 



Al l  technologies for detecting at the distance facts about the earth's surface could 

well  come under the label "remote sensing"; this would, for instance, be the case 

of radar and a i r  photography. The term is, however, characteristically applied to 
tde-detection by satellites provided with scanners (radiometers) whichoperate on several 

bands (multi-spectral) to measure the radiant energy reflected from Earth and send back 

to i t  the respective information in digital form. Such satellites can take those 

measures cheaper, faster and over much larger surfaces than can any other kind of 
surveying devises. Also, by being on a continual orbital mission in a sun-sinchronus 
(near polar) orbit, .they can provide periodical information on each spot of land, 
which greatly favors comparability over time, 

A t  the outset of  the present decade, the National Aeronautics and Space Administra- 
tion of the United States of  America (NASA) established, its first series of the Earth 
Resources Technology Satel I ite (ERTS) which, on achieving succesful l y its intended 
orbit, were renamed LANDSAT. LANDSAT 1 was bunched in  1972, LANDbAT 2 
in  1975 and LANDSAT 3 in  1978, each with improved capacities compared to i t s  
predecessor, LANDSAT 4 i s  due for launching in  1980 and w i l l  be the most advanced 
and versatile o f  the series. Data transmitted by these satellites is picked up by special 
receiving stations, of which three are located i n  the United States and the rest i n  
Italy, Canada and Brazil. The LANDSAT spcecmfb are regarded experimental by the 
U .S. and thus are authorized by the International Telecommunications Uni t  (ITU) to 

use the spectrum b i t  of 2290-2300 Megaherz. 

IDRC has provided financial assistance to  developing countries in  Africa, Asia and 

Latin America to e ~ e r i m e n t  with this remote sensing technology on the basis of U.S. 
cooperation to faci l i tate both LANDbAT 1 images and training in  ihe anaiyxis of 

mu1 ti-spectral digital data. 

*/ For detailed information about it, the essential documents are: IDRC. Proiect - 
dbstract: WTS: Desaguadero river (Bolivia). Ottawa, IDRC, 1975. (IDRC-3i~-74-0136), 
Bol iv ia.  Ministerio de M inerTa y Metalurgia. Servicio G e 0 l 6 ~ i c o  de Bol ivia : proce- 

samiento digital  de datos mu1 tiespectrales; 6rea Desaguadero. Proyecto experimental. La 

Paz, GEOBOL, 1977. 58 p. (Contribuci6n especial, serie sensores remotos, no. 01). 



A few h t i n  American countries established in the present decade remote sensing 

programs based on satel l ite-transmitted images (U. S. L A N  DSAT series imagery) 

addressed mainly at detecting natural resources */. Brazil i s  probably the most 

notorious one but Mexico, Argentina and Peru a r e  also act ive in  this area. Although 

Bolivia does not have an act ivi ty of  a magnitude comparable to that of Brazil, i t  

dbes have a very effectively handled Earth Resources Technology Satellite Program , 
(ERTS) or Programa del SatClite Tecnolbgico de Recursos Naturales (PSTRN). The 

program started at  the Bolivian Geological Service (GEOBOL) in  1972 through a 

cooperative agreement between the governments of Bolivia and the United States of 
America. NASA provided, mostly through LARS-Purdue, technical guidance while 

AID furnished financial assistance. During its first three years of operation, the 
program succesfully conducted over 30 research e ~ r c i s e s  using ERTS data i n  a 
conventional manner. Thus by 1975 i t  had accumulated an experience enabling i t  to 
engage i n  a more ambitious venture: using ERTS data in  the non-conventional manner 
of the computerized process involved in LARSYS Ill. The project's f inal report puts 

i t  this way: "Although the Bolivian LANDSAT program has been able to apply 
succesful ly the conventional methods of photo-interpretafion to  map large geographic 
areas of the Bolivian territory, i t  has been recognized t11at the enormous amount of 
information contained i n  the different spectral bands of the LANDSAT MSS system 
could be more effectively reduced and classified ut i l iz ing existing computer-aided 
analysis techniques, such as LARSYS. Therefore, this cooperative research effort 
was established between the Bolivian LANCSAT program and the Laboratory for 
Application of  Remote Sensing (LARS)at Purdue University, West Lafayette, Indiana, 

U.S.A. ". (See location of Bolivia in  Map I attached). 

I t  was within the framework of said ERTS/LANDSAT program that IDRC came to 
finance i n  Bolivia in 1975 the DESAGUADERO RIVER project No .  3-P-74-0136 
through i t s  Division o f  Information Sciences (Cartography Program, handled, by 

Robert Le Blond). The following were the chief goals of this project: 

*/ Alternatively, for instance, Bolivia has used this technology to routing a gas - 
pipeline to the Brazilian frontier as well  as for mapping land use. Other known 

applications of remote sensing are urban planning, timber monitoring, navigation 

and harvest prediction. 



1. To contribute to planning for regional development at the Desaguadero River 
Valley by preparing a set of thematic maps using remote sensing satellite imagery 
and data. 

2. To investigate for sample areas within said jurisdiction the survey and training 
requirements for computer processing and classification of digital .remote sensing data. 

3. To, set up a program that could enable Bolivia to carry out locally such automated 
cartography through computer and to tmin abroad for this purpose professional staff 
members of GEOBOL. 

A more technical definit ion of the proiect's aims i s  the one appearing i n  i t s  final 
report: 

The major objective of this project was twofol4 first, to perform and evaluate 
computer-aided analysis techniques (CAAT) using L A N  DSAT-I multispectml scanner 
data of the Rlo Desaguadero area of Bolivia for Geological, Soils and Land Use 

mapping: . and second, to  train three Bolivian scientists (an agronomist, a geologist 
and a geomathematician) i n  the application of computer-aided analysis o f  
LANDSAT-I mu1 tispectral scanner data, so that Bolivia can eventually implement 
such analysis techniques uti l iz ing computer systems available i n  Bolivia. * 

The Desaguadero River Valley**/ was selected for the study because the Ministry of 
Planning and Coordination wasconsidering the construction of a dam there' that would 
turn possible the controlled irrigation of the high altituckregion located between the 
departments of La Paz and Oruro i n  the Western and Andean zone near Peru and 
Chile so as to seek expanding the country's agricultuml frontier. (See maps 
attached at end of  this chapter). On the other hand, mineral prospection was also 
of natural interest to a country which basically s t i l l  earns i t s  livelihood from exporting 
minemls. Consequently, the maps to be obtained were to cover the following 
thematic areas: regional geology: minem l geology; hydrology; and soi Is. Special 
attention was to be given to petrographic factors (diapires and alkaline rocks) determina 
of the water's salinity, to the identification of metallogenic zones through geomorpho- 
logicpl indicators and to locating suitable lands for agricultural production (see Maps 

3, 4). 

The project was to  last one year divided into the following stages: 

1. Preliminary f ie ld study addressed at determining, through conventional techniques, 
the territorial areas on which the non-conventional techniques were later to be applied. 

*/ See Map 2. --. 
** /  Bolivia Ministerio de Minerra y Metalurgia. Servicio Geol6gico de Bolivia. - 

Programa del Satklite Tecnol6gico . . .: procesamiento digital . . ., Op. cit. p. 10. 



2. Air  multispectral photographic survey. 

3. Training o f  Bolivian experts i n  the United States of America (Purdue) by means of 
guided multispectral analysis by comp uter , using LARSYS I l l ,  of the Desaguadero images 

selected. 

4. Final verif ication of computer data with data from direct f ield observation; adaptation 
of the computer processing procedures to local requirements, expertise and equipment, and 
preparation and publication of project's wind-up report. 

The total cost of this technology transfer experiment came close to Can$100,000 to which 
IDRC contributed some 70,000 and GEOBOL the balance. 
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THE QUESTIONS 

A broad definition of the overall purpose of  the IDRC evaluation of the remote 

sensing projects i t  has supported i n  developing countries of Africa, Asia and Latin 

America was provided by PAP 3-A-79-4057 as follows: "The general objective 
of this evaluation i s  to assess the extent to which these proiects have met their 

ob iec t i ve~  to assess the extent to which the projects have bui l t  up personnel and 
institutional copabi l i ty  to independently carry on this activity; ond to assess the 
medium and long term impact of this oct iv i ty  on the development of these countries". 

Prepared i n  Ottawa on July 31, 1979, the following statement stipulated the specific 
objectives of the evaluation: 

1. To determine whether the individual projects have achieved their objectives, 
and whether the project activities were eff iciently and effectively carried out; 

2. To assess whether the project objectives were realistic and achievable with the 

human, institutions l and financial resources avai lable; + 

3. To assess whether these proiects have contributed to the development of scientific 

personnel and institutional capability and whether the capacity now exists to carry 

this work on with their own resources; 

4. To assess whether I DRC's role and involvement i n  developing and supporting these 
projects has been appropriate and whether i t  could be changed to be more useful; 

5. To assess whether these proiects have made, are l ikely to' make, or could make 
any useful contribution to the development of the countries involved, whether i n  the 

short, medium or long tenrg 

6. To assess whether the results of a proiect i n  one country can have any regional 

benefits; 

7. To assess whether there were any general benefits between or linkages between the 

f ive  p;ojects supported i n  this programme or linkages created with other countries and 
organizations involved i n  the same kind of oct iv i ty .  

8,  To assess whether the experience gained i n  these projects can or has provided any 

useful guidelines or methodology which can be used i n  the transfer of this or other 

technologies to  developing countrieq and 

9 .  To comment on the appropriateness of IDRC supporting this type of programme and 
the value of effect of supporting additional projects of this k ind i n  other develop; ng 

countries. 



'THE ANbWER5 

1 WERE THE PROJECT OBJECTIVE5 ACHIEVED ? 

In essence the project had two operational objectives. One was to produce thematic 
mops of  physical resources i n  the Desaguadero River area. The other was to  train - 
scientists in computer-aided interpretation of LANDbAT-1 multispectral scanner data, 
w e t h e y  became able to conduct locally automated cartography by adapting to - - .  . 

computers available in Bolivia the L A R ~ Y )  111.1. digital  data processing program. 
. These objectives were tightly interrelated since the product o f  training was to be 

constituted by the maps. However, inasmuch as possible, the accomplishment o f  each 
of  those two major objectives was assessed separately i n  order to  properly record 
differences which readily became apparent not only between them but also within each. 

Accomplishment of Objective 1: Map Production 

Indeed, accomplishment o f  the first objective was sought through a sequence of 5 . 

operations and addressed a t  5 thematic areas. In the case of the former set, there were 
appreciable variations of outcome. h d  product obtention varied even'more distinctly. 

The 5 operations wi l l  subsequently be enumerated, indicating for each one whether i t  
was a success or a failure: 

1 First image selection, through visual photo-interpretation technique, o f  territory 
to be studied. buccess. 

i 

2. becond selection of image covering sample sub-areas of territory. Success. 
h 

3. Verification of basic data of the sample sub-areas by aerial and multispectral 
photography. Failure (Data obtained through this procedure proved not compatible 
wi th the digital satellite data. This i s  partly explained by the fact that multispectral 
cameras do not have for semi-desertic territories,as that o f  Desaguadero, the detection 
capacity that they have for vegetation-covered territories). 

4. Verification of the data corresponding to  the first image by direct f ield observation 
covering the themes or disciplines o f  immediate concern for the project. buccess. 



The Head Of f i ce  derived from said statement of objectives a set of questions for the 

project institutions to be surveyed. Translated to Spanish, i t  was sent ahead of time to 
Carlos Brockmann i n  Bolivia. The questions were the following: 

I. ' Were project's objectives achieved? 

2. In the l ight of human, institutional and financial resources available , were 

objectives realistic and achievable ? 

3. Was scientific personnel effectively trained and institutional capabil ity enhanced? 

4 .  Are you now in  posit ion to carry on this work with your own resources ? 

5. What technical and administrative problems were encountered? 

6 .  Was IDRC's involvement appropriate and useful? What might i t  have done 
differently, better, etc? 

7. What contribution has the project made, or might make, to the development of 

Bolivia? To your region? 

8. What comments do you have on the technologies and methodologies used? 

9 .  What cooperative linkages were made with individuals and institutions i n  other 
countries as a result of the project? 

10. What are the advantages and realities o f  regional cooperation i n  this f ield? 

In turn, as has already been noted in  the Introduction, the evaluator o f  the Bolivian 

project made some slight changes to the above questions. O n  the one hand, without 
affecting intent/content a t  all, he made separate questions out of those which comprised 

more than one inquiry element in their statements. O n  the other, he grouped the 

questions i; four categories, which he identif ied i n  the original set of questions, and 

understood as follows: 

Effectiveness. Degree of attainment of objectives i n  terms of information obtained and 

training gained in  spite of problems encountered in  project's performance. 

Impact. Benefits produced by the proiect i n  terms of manpower expansion, institution 
building and contribution to national development, as we1 l as i n  terms of influence beyond 
the country. 



Other Considerat ions. (This section contained a l l  other original questions not belonging 
to the Effectiveness and Impact categories). 

Supplementary Questions (This section contained a few additional questions stemming 
from'other IDRC pertinent documents. They were presented to the respondent as ancillary 
and optional but he chose to answer them a l l  as we1 I). 

From the viewpoint of simple accomplishment of the professed goal of  the project, answers 
to the Effectiveness section appeared to the evaluator the most important ones. However, 

from a viewpoint of  the intended ultimate effects of I DRC investments, the section on 
lmpact appeared to him at least of equal importance. And, i f  one had to be chosen over 

the other, in his judgement the second would have been the crucial one. Responses, 
however, could be best provided by the subject on the first section since assessing impact 
should have ideal ly been done also by respondents other than the project leader and from 

.outside GEOBOL. 



5. Multispectral computer-assisted analysis of digital satell ite data on the sample 

sub-areas of  the territory. ~uccess. 

Operations 1 through 4 were conducive to the culmination of the process: operation 
5, out of which the maps emerged. The failure of o p  ration 3 did not prevent such 
culmination as, although important, i t  was not a strictly indispensable one. Thus, 
at the general levellperformance was effective. A t  the specific level, effectiveness 

varied as i t  i s  subsequently explained. 

The 5 thematic areas were determined by interests of the Ministries of Planning, 
Agriculture and Mining.  According to the in i t ia l  plans, four thematic maps were to 
be produced but, once the proiect was started, a f i f th was added. They were bui l t  on 
the following themes: (1) geology - regional and mireral; (2) geomorphology; (3) 
hydrology; (4) soils ; and - this one being the unplanned addition - (5) land coverage 
and use. Attempting to build each of these very different thematic maps can be 
regarded as a sub-objective of  the first objective. ~ u c h  distjnction i s  necessary because 
i t  was found that in this case goal attainment - that is, the extent to which the objective was 
met-varied significantly between maps. Thus the assessment had to be done separately 
for each and qualif ication had to be done on a scale rather than dichotomously. 

The extent o f  accomplishment of  each sub-objective w i l l  subsequently be discussed: 

Sub-objective 1: Geology.(Regional and Mineral) 

The expectation in  this case was to be able to  differentiate types o f  rocks and possibly 
minerals and diapires, hoping to be able to extrapolate from observations of the sample 

~ - 

territories to the-rest of  the image. This expectation was only met i n  the case of  

diapires. There are three explanations for the limitation: (1) the satel l i te used has a 
low spaciol resolution: it does not record surfaces under the size o f  230 meters; (2) 
the amplitude of the satellite's spectral band i s  larger than certain lower segments of the 

spectrum which are useful to detect minerals or rocks; and ,(3) the desert's soil i s  very 
thin and lacks a vegetation cover. Mapping diapires was the only .intended aim ,achieved, 
having some value as it would, for instance, allow to avoid certain areas in road 

building. Unexpectedly, fractures were found suggesting possible mineralization. In 
summary, this subobjective was achieved only at a medium level o f  adequacy.   ow ever, 
the information obtained allowed GEOBOL, as a by-product, to readily refine the 
existing geological map of Bolivia. 

sub-Obiective 2: Geomorphology 

The expectation here was to  obtain information useful to define land forms. I t  proved 
an inadequate expectation as mu1 tispectral satel l i te information gathering does not al low 



for recording reliefs (contour variations o f  land surface in relation to the surrounding 
land). That i s  to say, i t  does not measure heights and, therefore, cannot be used for 
surveying land forms, which requires al timetry. Thus, this sub-objective was achieved 
at a low level of adeauacv. 

Sub-objective 3: Hydrology 

The expectation in  this case was to obtain information on water quality; for instance, 

whether i t  is  clear or muddy. That information which was obtained, however, did not 
allow to do such definitions. Again, the explanation i s  low spacial resolution; the rivers 
are too narrow to be captured by the satellite imagery with depth sufficient to detect 

water qualities. Such detection would, instead be possSble, in mapping large lakes. 
Hence, this sub-objective was also achieved at a low level of adequacy. 

Sub-Obiective 4: Soils 

The expectation here was to identify types of soils by areas i n  accordance with a given . . .  

classification. The expectation was met. The identification ws performed to a degree 
and at a rythm clearly superior to those possible under conventional methods, such as air  
photography. The main gain was the mapping of saline soils, abundant in  the area, 
including specificationof their characteristics that l imit agricultural activity. Had 
another legend (soil classification) more akin to satellite information been used, the 
results could have been even better. Thus, this sub-objective was achieved at a high . - 
level of adequacy. 

Sub-objective 5: Land Coverage and Use 

This was the unexpected addition to the mapping effort. GEOBOL had started i n  1975 
research to develop a methodology to bui ld a scientific classification on soil coverage 

and use i n  Bolivia. A t  the macro level, this included the following categories: 
pasture lands; forest lands; cultivated lands; humid or flooded lands; water; barren lands; 

perennial snow and ice; and, on the other hand, cultural ,,traits: cities, roads, man-made 

things i n  general. When analyzing data for the four originally planned maps, the 
research& found that each contained, to some extent, some information valuable for 
land coveroge and use concerns. Hence the f i f th map, which indeed displays considerable 

information about pasture, water and barren land, a l l of direct interest to agricultural 
development p lanning. The additional sub-objective was achieved at a high level of 
adequacy. Furthermore, the possibility exists to extract further information from the 
d o t o e c t e d  by in  depth m"ltispectril analysis emphasizing, for instance, lands 
corresponaing to one crop, such as the native quinoa. 

The following table condenses the assessment of the extent to which the 5 "sub-objectives" 
of objective 1 were achieved: 



su b- su b- sub- ~ u b -  sub- 
Object ive 1: Object ive 2: Object ive 3: Object ive 4: Obiective 5: 
Geology Geomorphology Hydrology soils ~ o n d  Coveroi 

l 
and Use 

High 

Medium 

Low 

Considering that there are two "high" and one "medium1' marks over two "low" marks - out 
of which at least one was attributable to intrinsic limitations of the technology, and not of 
the researchers - the project can be rated successful. 

Evidently, the fruits o f  the &udy served considerably more the interests of the agricultural 
sector than those of the mning sector. As for hydrology., the area o f  direct relevance to 
the possible construction o f  a dam on the Desaguadero, the informatibn obtained was of  
l i t t l e  usefulness. 

In summary, objective 1 (thematic map production to prospect natural resources) taken as a 

whole (that is, including its 5 sub-obiectives) was partial l Y but acceptably accomplished . 
Everything suggests that, for a learning venture geared at experimenting with the transfer 
of an advanced and complex technology to a developing country, the Bolivian proiect 
did effectively capture the rudiments of i t  and eff iciently produced a fair amount of the 
informatioh wanted. 

Accomplishment of Object ive Two: Training of Scientists 

Three engineers in  the staff of GEOBOL were sent for training to the Laboratory for 
Remote Sensing Application (LAR3) at Purdue University, at Lafayette, Indiana, U.b.A., 
for on-the-job training of a few months duration. They were a geomathemotician. knowledge- 
able of computer programming, an agronomist specialized i n  edafology, and a geologist. 
These Bolivian professionals were trained as a basic team to perform computer-aided 
analysis of LANDbAT-I multispectral scanner digital  data. The expectation was that the 
training of this team,if successful, was to be applied to a couple of purposes: 



(1)  immediately, and while in the U.b., to produce the Desaguadero River area 
thematic maps intended and (2) subsequently, upon return to Bolivia, to adapt 
NAbA's LARbY b I I1 computer pattern to local computer equipment conditions so that 
GEOBOL could handle by itself domestically similar digital data processing jobs in 
the future. >aid expectation was fulfilled: the training component of the project 
proved successful in terms of learning gained, tangible output and the above indicated 
adoptation. 

Learning gained was demonstrated by the fact that the team of  trainees was able to 
satisfactorily do the following: 

1 . To understand the overall nature of  the mu1 tispec t;al computer-assisted satel I i te 
data analysis system, a nphisticated and complex technology total l y unknown in  Bol ivia. 

2. To build, on the basis of  such comprehension, a classification o f  spectral categories 
responsive to the requirements of  the four original thematic orientations of the project: 
geology, geomorphology, hydrology and edafology . 
3. To properly apply such classification, which they bui l t  while at  Purdue, to the 
final production in  Bolivia of the intended thematic maps, which they did put out, 
Furthermore, the scientists trained even grouped by hand certain ambiguous spectral classes 
which, since GEOBOL lacked then access to appropriate computer facil ities, could 
not be electronically defined , 

So successfully did the Bolivian trainees accomplish such ambitious tasks that, in view 
of  it, NASA granted the proiect leader (Carlos Brockmann, the Director of  the 
ERTb - Bolivia Program) authorization for unlimited and cost-free ut i l izat ion o f  the 
LARbY b Ill program. 'This entails a complete method (philosophy and techniques) 
for the conversion o f  multispectral'remote sensing data into information useful for 
inventoGing and monitoring earth resources. The complete program was sent to 
Bolivia i n  magnetic tape, enabling this country to conduct locally automated mu1 ti- 
spectral analysis, 

8 

However, the LARbYb I11 program i s  designed to be run in  an IBM-360 computer, 
which at the time was not available i n  Bolivia. In cooperation with U>AID, 
GEOBOL 'did the conversion of the program to  the ~ i g i t a l  DEC 10 equipment 
which was available in  the country. This adaptation to national circumstances 
would have been totally impossible without the decisive contribution o f  the project 
trainees that hod been to Purdue. (Brazil i s  the only other country in Latin 
America that has been able to do such an odiustrnent to profit from LANDbAT 
magnetic tapes). 



Therefore, everything indicates that objective two - training o f  scientists - was 
fully and optimally achieved. This statement is, however, somewhat toned 
down by the fact that six months after his return from Purdue one of the 
trainees, (the geomathematician familiar .with computer programming) qui t  
GEOBOL due to serious illness. Another staff member was sent to Purdue and 
thus the loss was rapidly compensated. However, another member of the 
original Purdue-trained team later left  his technical duties to assume an 
administrative position as a lieutenant of  Brockmann. This left  on the job only 
one of the in i t ia l  three: the edafologist, who i s  st i l l  at it, assisted by s t i l l  
another professional sent to Purdue. A l l  this illustrates how does job instability 
affect institution building in developing countries. 

2. IN THE LIGHT OF HUMAN, INbTITUTIONAL A N D  FINANCIAL REbOURcEb 
AVAILABLE, WERE OBJECTIVEb REALIbTIC A N D  ACHIEVABLE ? 

Object ive 2 proved to be total ly realistic as the training* foreseen was ful ly 
achieved indeed. Even the project director profitted from some training at Purdue 
in  spite of  fhe shortness of his occasional and informal visits to the GEOBOL 
trainees there. 'This proved quite useful for the proper supervision of them by the 
former. 

Objective 1 proved instead, partially unrealistic as some o f  i t s  sub-objectives were 
hardly achieved a t  a l l  i n  .fact. On the one hand, in general, the magnitude of  the 
prospection was too high in  relation to the available resources and' to the very 
modest familiarity the GEOBOL staff had then wi th remote sensing computerized 
cartography . From the overall Desaguadero area o f  220,000 square kilometers, the 
decision was made to study a segment of  34,000 square kilometers. This proved 
too large a territory for a small and novel team. I t  would have been preferable to 
restrict i t  to  images covering no more than 10,000 ~m~ or perhaps even only 5,000 
~ r n 2 .  Had this been so, the study would have achieved more depth and higher 
quality. O n  the other hand, the scope of the study was also too ambitious. It 
was not very realistic to aim at serving at once and from start several development 
sectors through the construction of  an assortment o f  different maps. Considering 
also the limitations of the technology with the satell ite imagery then available, 
i t  would have been wiser to skip making geological and geomorphological maps so 
as to  concentrate on making hydrology and soils maps to serve the agricultural 
sector alone. This would have allowed to get more precise information for those 

two themes and would have also made possible to  obtain more detailed by-product 
data on land coverage and use. 



, The disparity between aspirations and capability was much more pronounced in  the 
human resources available than i n  the case of  the institutional and financial ones. 
Bolivian and IDRC funds were probably well sufficient for the experiment but the 
goals of i t  were set at a too demanding level for the size of  the staff available 
and in  relation to the high complexity of  the endeavour. 

3. WHAT TECHNICAL A N D  ADMIN Is'rRATIVE PROBLEMs WERE ENCOLINTERED ? 

Technical Problems 

As has already been noted in the preceding section, one problem was given by factors 
intrinsic to the technology itself: the low spacial resolution and the high amplitude 
of  the spectral band in LANDSAT-1 scanning equipment proved a definite impediment 
to obtain data on rocks and minerals. 

Another technical problem encountered was an ambivalence i n  the computer-assisted 
mu1 tispectral classification. It was found that one satel l ite-observed trait  corresponded, 
as recorded by the computer, to two quite different spectral classes. Let us say, for 
instance, that the spectral class "water " appeared represented i n  the computer output 
by about the same trait as that representing. the class "shadow" while f ield verification 
demonstrated that to  each actually corresponded a different trait. This ambiguity 
caused serious confusion i n  data interpretation. (It was discovered that it was 
due to the high altitude o f  the Bolivian territory under satell ite prospection, about 
13,000 feet over sea level). In order to overcome the ill effects of the confusion, 
spectral classes had to be grouped by hand in  the "print results", a time-consuming 
and expensive procedure. 

Administrative Problems 

The respondent listed the following administrative problems corresponding to  IDRL's 
behaviour: 

& 

1. Continuous and increasing losses i n  money exchanges . Going from Canadian 
to American and from American to Bolivian proved expensive. Added to fat banking 
commissions, this reduced appreciably the budget effectively available. 

2. Chronic delays in the remittance of payments. Even ,until this date the last 
payment has not been made although the proiect technically expired very long ago. 
This forced GEOBOL to make transfers to the project of funds i n  other budgets, 
harming some of  these at  times and i n  any case causing unnecessory complications 
in  accounting. 



3 . Unilateral and unconsulted modification of the structure of the grant's budget. 

As the ERTS Program learned quite late in  the game, the project's budget approved in 
Ottawa and that proposed by GEOBOL were not exact twins. This resulted i n  
perennial differences of charges to divergent items and sub-items, making compatibil i ty  
with Ottawa almost impossible and causing in La Paz numerous problems in budget 
control, as wel l  as complicating the preparation o f  grantee reports. In addition, 
Ottawa did not timely and clearly provided GEOBOL with specifications of how i t  

wanted the grant accounts to be kept and reported. 

The respondent identif ied as we1 l administrative problems corresponding to the ERTS 
Program of GEOBOL. He noted that, said program being rather new yet by 1975, i t  
lacked then appropriate administration and accounting systems as wel l  as qualif ied 
personnel i n  these areas. Since the program gets funds from severol national and 
foreign sources, each having different accounting pattern preferences, such a 
deficiency seriously affected many o f  the operations - including the Desaguadero 
project - for a while. bince 1977, the program counts on a competent team and 
on a universal but f lexible accounting and fiscal control system from which diverse 
client or donor accounts can be well  kept without much di f f icul ty and with minimum 
risk of confusion . 
IMPACT --- 
4 .  WAb bCIENTIFIC PERbONNEL EFFECTIVELY TRAINED A N D  'INSTITUTIONAL 

CAPABILITY EXCHANGED ? 

I t  has beent explained in  detail i n  a preceding section the significant extent and 
manner in which scientific personnel was trained through the project. As for the 
enhancement o f  the institutional capability to conduct other studies of the type 
characterized by the project, the answer i s  also affirmative. The scientific staff 
of the ERTb program has doubled since 1975, passing from 8 t o  16 ful l  time 
professionals and many o f  them participated in additional Desaguadero type ventures. 

t .  

Moreover, directly derived from the project's influence, another similar project 
was established and operated during 1977 w i th  financial support from USAID. I t  
was known as Land Coverage and Use - Buenavista Image and it covered an 

a g r i ~ u l t ~ r a l l y  important territory in the humid and ferti le Eastern plains o f  Santa 
Cruz, in  the Bolivian tropics. A set of valuable maps was produced by this 
project, with preliminary copies having gone to  the Ministry o f  Agriculture and the 
National btatistics Institute. The final version of  the project's overall report' i s  now 

ready for publication. 



The experienced staff trained i n  the Desaguadero River project had, of course, 
a strong involvement i n  the Buenavista project. But newcomers also participated, 
thus multiplying the learning acquired by the precursors at Purdue. Also, in  
addition to local in-service training, another couple of GEOBOL -scientists have 
also gone to the U.S. more recently to get training i n  remote- sensing, a t  no 
cost to I DRC. 

Two staff members of the Progmm obtained their B.S. degrees i n  agronomy by 
submitting to the Universidad de San Simbn (Located i n  the country's second city, 
Cochabamba) theses fully based on information derived from the Desaguadero 
River project */. - 

But an even more telling indicator of the proiect's impact on institution building i s  
the following spontaneous statement made by Director Brockmann during the interview: 

The Desaguadero project not only had a self-reproducing influence in  
GEOBOL. Even' i f  we never had again another proiect l ike this, we were 
already enriched by the pioneer experiment beyond the mere aims of this 
project. It was thanks to i t  that we came to perceive the ways and means 
possible to take maximum advantage of satellite magnetic tapes i n  order to 
get beyond the genem I perspective provided by images photogmphica l ly processed. 
I t  was indeed through the Desaguadero project that we embraced the enlightening 
philosophy and methodology of computer-assisted multispectral analysis of satellite 
images. So valuable has been the experience we gained in  GEOBOL for Bolivia 
through this IDRC-supported - Project that, without it, our Program would not 
have known how to go ahead. 

5. ARE YOU NOW IN A POSITION TO CARRY ON 'THIS WORK WITH YOUR 
OWN RESOURCES? 

The answer i s  affirmative but not unqualified. 

*/ U r e ~ a  Espinosa, MoisCs. Aplicacibn de imdgenes Landsat en estudios de suelos - 
de reconocimiento brea Desoguadero. Tesis (I ng. Agrbnomo) Cochabomba, Focultad 
de Ciencias Agricolas y Pecuarias "Martin C6rdenasU, Universidad Boliviana Mayor 
de Son Simbn, 1977; Quirogo Quiroga, Samuel. Clasificacibn taxonbmica de 
suelos uti  lizando informacibn digital de datos Landsat area Huayl lamarca y 
Euca liptus. Tesis (Ing. Agrbnomo) Cochabamba, Facultad de Ciencias Agricolas 
y Pecuarias "Martin CBrdenas ", Universidad Boliviana Mayor de San Simbn, 
1 977. 



Having conducted i n  1977 the Buenavista Image project was i n  itself an early .evidence 
that the Program did acquire the abil i ty to continue working i n  studies similar to the 
Desaguadero one. Similarly, following specific requests from the Ministry of 
Agriculture but without charging it, the Program conducted smal l in-depth revisions of 
segments of the same satellite-taken image from which the Desaguadero image had 
been derived. Moreover, during 1978-1979, the Program did, under ccntact with 
the Development Corporation of Oruro, a study -not equal to the Desaguadero 
survey but ou'te similar to i t -  of the entire territory of this "department" (province). 
I t  mapped some 55.000 square kilometers i n  terms of geology (regional and mineral), 
ge~mor~hology, soi Is, hydrology and land cdverage/use. In addition, an agreement 
i s  i n  the pipe-line between GEOBOL and the Ministry of Agriculture to conduct, 
between 1980 and 1982, a statistical survey of crop areas i n  the Eastern region of 
Santa CNZ. Finally, a few small and internal studies have been carried out 
between 1975 and 1979 aiming at improvements of the LARS methodology. 

I f  by "own resources" i s  meant only the regular GEOBOL budget as determined by 
the centml government's fiscal availability of funds, then the Program could not 
hope to keep on conducting new and sizable studies similar to the Desaguadero 
survey. It could, however, keep each of its present staff members productively 
occupied by sharing i n  the further and deeper exploitation of the information already 
accumulated. If, on the other hand, other income i s  also considered, then the 
Program i s  certainly able to go ahead i n  conducting research perhaps not necessarily 
comparable to the Desaguadero study but not greatly unrelated to i t  either. In  fact, 
the regular budget income has normally been strongly reinforced by both local 
contract and foreign donation income. The fiscal appropriation - fo r  the Program has 
been about US$400.000 per annum with at least one half of i t  being operutional 
capital. Additionally, at least US$ 200.000 were obtained on o yearly avemge over 
a 3-year period, from the other two financial sources just mentioned, thus doubling 
the annual availability of funds not assigned to cover salaries and other basic 
administrative costs. Presently, the Program has no foreign donation but its local 
contract income tends to grow significantly. This can, partially but not insignificantly, 
be attributed to the project's influence. The Desaguadero venture gave prestige 
and credit to the Program and thus increased the national demand for i t s  specialized 
services. A clear indicator of this trend i s  an overall agreement of cooperation i n  
this areb of inquiry signed i n  October of 1979 between GEOBOL and the Ministries 
of Agriculture/Peasant Affairs, Mining-Meta llurgy, Energy/Hydrocarbons, and Planning/' 
Coordination. This instrument . wi l l  produce, by computerized analysis of 
multispectml satel l ite data agricultura l development information at  a cost estimated 
at  US$ 230.000, of  which the Ministry of Agriculture w i l l  contribute US$ 130.000 
and GEOBOL the balance (see in  annex the agreement's text). Had it not been for 

the Desaguadero Project, GEOBOL would not have been able to undertake such kind 
of commitments. Brockmann estimates that, during the next five years, local 
demand for the Program's services w i l l  have doubled and GEOBOL wi II be able to 



cope well with it without any major expansion of staff as the produc.tivity of the 
present personnel w i l l  have been optimized by then. 

6. WHAT CONTRIBUTION HA> THE PROJtCT MADE, OR MIGHT MAKE, T U  
THt DtVELOPMENT OF BVLlVlA ? 

The activities mentioned in answering the previous two questions have already 
indicated that the project has indeed contributed some information of potential 
valuable for Bolivia's development plans and octions, especially i n  the agricultural 
domain. However, whether such potential i s  to be realized or not, i s  something 
which escapes the jurisdiction of GtOBOL. The project did deliver to the 
Ministry of Agriculture the information that the latter had asked for in  relation to 
a possible development project in  the area of the Desaguadero River, which would 

. probably have had as key component a dam. Contracted at a high cost in U3 
dollars with a European firm, the dam's feasibility study did not come, however, 
to fruition i n  terms of a construction plan. In view of it, the Ministry of 
Agriculture apparently did not sustain its interest in the Desaguadero area, which 

, %  i s  essentially composed of dry lands at a high altitude not ideally suited for 
cultivation. Nonetheless, GEOBOL insisted inasmuch as possible with Agriculture 
that the information obtained not be left idle. But there was l i t t le  i t  could do 
about i t  due to the frequent charyes in authoriiy struct f that~e-c_t~r essential ly 

--- -- r""- e-ay the country's lock o f ~ c a i  stabmy. No t  surprisingly, the 
agency capable of obtaining valuable deveFmment-oriented information i s  not 
endowed d the same time with the power t o  make sure that other agencies use it 

' % readily and rbperly. In summary, i t  must be admitted that the main intended 
beneficiary of the proiect so far has failed to profit from the land resources 
information gained through it. . 
Does this, however, mean that the project has made no contribution to Bolivian 
development? Not so. As Brockmann has perceptively and honestly explained, 
several other refined services which GEUBOL's ERTb Program i s  performing today 
for the benefit of diverse development agencies would have been just impossible 
witho'ut the project. Through it, scientists were trained , making possible the 
continuous and expanded utilization of the satellite remote-sensing technique. 
Moreover, according to Brockmann, even when such technique i s  not used, the 
project i s  acknowledged as having provided inspiration and fresh outlook enabling 
the entire program to evolve to its present outstanding status in  Latin America. 



Right now, in  fact, two of  the main state (provincial) autonomous development 
corporations - those of Oruro and banta Cruz - in  two very different and large 
regions of the country (high mountain West and low plains East, respectively), 
ore negotiating new service agreements with the ERTb Program. GtOBOL w i l l .  
osfist the former i n  a deeper analysis o f  some parts o f  the province's territory 
and, at the same time, in building a regular digital  data system of  information 
on natural resources. This illustrates the case that in i t ia l  broader and looser 
surveys lead to narrower and tighter surveys o f  the Desaguadero type, showing 
the recurrent influence of this latter. O n  the other hand, the Ministry of  
Planning has profited from what the program already has done in the way of 
mapping resources in a part of  the banta Cruz tastern plains in order to be able 
to  redefine the country's regions on the bases of  reliable information until then 
not available. It would, therefore, seem logical to  feel that - above and 
beyond i t s  original and immediate goals - the project has made valuable 
contributions t o  Bolivia's development. A closer perception o f  this, according 
t o  Brockmann, shall come in  a few more years for the fruits o f  the project 
should be seen over a medium term perspective more than on a short-term one. 

7. HAb THE PROJtCT MADE A N Y  CON'TRIBUTION TO THk REGION5 
DEVtLOPMENT ? 

It has. By the mere fact o f  successfully .experimenting with such a sophisticated 
modern technology and effect ively- adapting i t  to  modest local conditions, the 
Bolivian project set Latin America as the pioneer and leading region on the matter 
among those i n  the developing wotld. But the beneficial Bolivian influence was to  
achieve higher and clearer expressions. Even before the project came to its 
termination, Bolivia was already projecting beyond i t s  frontiers the experience gained 
thanks to it. With ILIRC support; the GEOBOL experts gave technical assistance 
to  Chilean counterparts through Project No.  3-A-76-4053. By sharing i t s  learning 
with them, Bolivians were multiplying the impact of the project readily and 
significantly. Further and broader sharing o f  i t  was achieved through a Latin 
American symposium and an international seminar on remote sensing which took place 
i n  La Pa'z in 1977 under the leadership of  the ERTS Program staff.* 

The symposiuin asked Brockmann to prepare basis for the establishment of  an Inter- 
American Remote Sensing Council; the draft of  i t  i s  now ready for circulation, i t s  
author having counted on cooperation from an F A 0  expert. 'The seminar gave an 

* Simposio International de Percepci6n Remota Aplicada en Demografia y Uso Actual 
de la  Tierra, La Paz, 28-30 Nov.  1977. Memoria. La Paz, AID-GEOBOL, 1977; 
Seminario de Entrenamiento Regional de Aplicaciones de Percepcibn Remota (ERTS) por 
Satilites, La Paz, 1-9 Dic. 1977. La Paz, N.N.U.U., FAO, GEOBOL (ERTS), 
m ~ e r i e  Sensores Remotos, No .  03). 



opportunity for an exchange of information about the experiences with remote 
sensing i n  several Latin American countrieq the Bolivian testimony was the central 
piece of discussion. 

Furthermore,.. Bolivia seems to be contributing a t  the world-wide level to the advance- 
ment o f  the discipline. As has been noted elsewhere i n  this report, the GEOBOL 
people adapted from IBM-360 to DEC 10 the computer program of NASA LARSYS Ill. I.; 
this adaptation was sent into worldwide circulation by NASA itself. Likewise, 
Bolivians found that Brazil's remote sensing station generates magnetic tapes i n  a 
format incompatible with the NASA standard format. The GEOBOL people, w i th  
help from AID, made the conversion from the Brazilian computer fomat to that of 
NASA and, again, this latter agency plunged it into worldwide availabil ity. 
As a user o f  remote sensing information, Bolivia requested a l l  LANDSAT stations 
i n  the world to  uniform their data formats. As a consequence, an international 
committee was established to  pursue such homogenization. 

OTHER CONS1 DERATl ONS 

8. WHAT COOPERATIVE Ll NKAGES WERE MADE WITH INDIVIDUALS A N D  
INSTITUTIONS IN OTHER COUNTRIES AS A RESULT OF THE PROJECT? 

The close connections with NASA, with L A R S  and wi th  Brazil's Institute for Space 
Research (INPE) are self-evident. The special ties wi th Chile have already been 
stressed. Mention of contacts with A I D  and F A 0  has also been made. And the 
imporiance of the two international gatherings held i n  Bolivia was underlined as 
well .  Two other indicators can be added. O n  the one hand, Bolivians attended 
the Nairobi seminar. O n  the other, as reported by Brockmann, Bolivia h a s  been 
preselected as seat country for a Regional Training Center on Remote Sensing to be 
established i n  1981 through ioint, financing from the United Nations, the U.S. 
Agency for lnternationa l Development and the Inter-American Development Bank. 

Bolivia was aware that, under comparable IDRC support, other remote sensing 
experiments were being conducted i n  African and Asian developing countries. T h i s  
coincidence d id  not amount, however, to  an international network type research 
operation. Thus there was no direct and formal exchange among a l l  these proiects. 

9. WHAT ARE THE ADVANTAGES A N D  REALITIES OF REG1 ONAL COOPERA'TION 
IN THIS FIELD? 

There are no major regional realities to comment about them yet. But the io int  
Bolivia-Chile project was an early demonstration of the advantages of -at least bi- 
national cooperation, and learn how to obtain i t  through remote sensing much faster 
and cheaper than i f  they had attempted to do i t  a l l  by themselves from scratch. 



Since, as i t  has just been mentioned, three international organizations are wi l l ing 
to start soon i n  Bolivia a training faci l i ty for Latin America, i t  can be assumed 
that multi-country cooperation - both between developed and developing countries, 
and among these latter - i s  desirable since i t  can be productive. 

10. WHAT COMMENT5 DO YOU HAVE ON THE TECHNOLOGIES A N D  
METHODOLOGIES USED ? 

Remote sensing i s  a technology of great usefulness for developing countries. I t  
allows them to survey their natural resources in a short time and at a low cost. 
This would not be possible with conventional technologies, such as aerophotography, 
which are expensive and slow. However, as any technology, remote sensing through 
satellites has limitations and it works better for certain purposes than for others. Thus 
i t  should be regarded as one of the tools i n  an arsenal from which wise selections must 
be made in  accordance with needs and possibilities. 

11. WAS IDRC'S INVOLVEMENT APPROPRIATE A N D  USEFUL ? WHAT MIGHT 
I T  HAVE DONE DIFFERENTLY, BETTER, ETC . ? 

It was both appropriate and useful. 

First, i t  respected local leadership. "As project leader" - Brockmann notes - "I 
enjoyed absolute freedom to implement the proiect's plan without iriterference or 
imposition from IDRC. Bolivia was trusted. We were not "run by the nose" from 

above and abroad". 

Second, IDRC realistically grantedlGEOBOL f lex ib i l i ty  i n  the use o f  the grant. 
Says Brockmann: "IDRC performed for us -with good w i l l  and swiftness - certain 
tasks which no other international agency would have even considered. For instance, 

i t  made on our behalf some direct payments to LARS. This faci l i tated very much 

our operations". 
I 

Third, as has already been recorded, Brockmann feels that without this IDRC-supported 
project, its entire program would not have been able to advance as well  as i t  
evidently has since 1975. 

What might have been done differently i s  monitoring. A much closer technical and 
administrative fol low-up became evidently desirable. Had i t  been present, the 
administrative (mostly budget control) problems mentioned earlier would have -been 
greatly al leviated. Also professional performance during the experiment could have 
been optimized. Brockmann feels that perhaps i t  would be convenient i n  future 
possible projects in other developing countries to assign to each of them a highly 
qualif ied technical consultant, who would at least be in  the country frequently 
and for bng periods, something which proved impossible for IDRC staff located far 



away and simultaneously involved in many projects i n  several parts of  the world. 
Such a consultant would not only give timely advice in sittu but act also as 
a constant monitoring l ink with IDRC. 'This comment, Brockmann wishes to 
make i t  clear, i s  in  no way detractive of the recognition he has for the 
confidence and support granted to him and his aids by Robert Le Blond. 

SUPPLEMENTARY QUESTIONS 

12. SHOULD THE EXISTENCE OF A MULTI-AGENCY USERS COMMITTEE BE 
TAKEN AS A PRE-REQUISITE FOR THE SUCCESS OF THESE PROJECTS ? 

Yes, without such an apriori assurance of interest and commitment on the part of 

the intended beneficia~ies, to conduct one of these studies may wel l  end up as a 

waste of  IDRC's money. The Bolivian experience i s  i n  itself an indication of the 
importance o f  said-prerequisite. What rescued this project from the ill 
consequences of the lack of such committee, i s  that i t  operated within an olready 
existing broader program by itself sponsored by a number o f  government agencies. 
Also, the lack of uti l ization of its results by the main intended beneficiary, the 
Ministry of  Agriculture, came to be compensated by several unintended but clearly 
useful by-products o f  the project. 

13. ALTHOUGH REMOTE SENSING MAY BE MUCH MORE PRODUCTIVE THAN 
CONVENTIONAL METHODS FOR DETECTING NATURAL RESOURCES, IT 
MAY STILL NOT BE INEXPENSIVE. WHAT DO YOU FEEL'ABOUT IT ? 

In comparison with conventional technologies, remote sensing can be regarded 
inexpensive i n  terms of cost benefit considerations. A l l  expenses from a l l  sources 
included, the Bolivian project d id not cost more than US$250,000: 150,000 in 
equipment and 100,000 for training abroad. This modest investment endowed Bolivia 
with ful l  abi l i ty  to undertake locally further similar research for the years to  come. 
However, considering only immediate applications to development needs, such invest- 
ment i s  more than iustified for the benefits already provided to the country are 
sizable. On  the other hand, i t  would be erroneous to rate remote sensing as an 
extremely complex technology. Scientists in the developing countries certainly have 
the abi l i ty to understand remote sensing without great diff iculty, just as they get 
to master other modern procedures. N o  more sophisticated equipment than 
increasingly standard computers are required and, as in the Bolivian case, units 
already existing elsewhere i n  the country can be taken advantage of. In summary, . 

the developing countries can afford remote sensing. What they cannot afford i s  
older technologies which consume much money and take years to  produce less sharp 
and reliable information on natural resources. 



14. DID THE PROJECT AUGMENT THE l NTERNATIONAL NeSOTlATlON ABILITY 
OF YOUR INSTITUTION? 

It certainly did at least i n  some respects. So far, Bolivia has indeed gained un- 
restricted access to the U.S. information on remote sensing. For instance, NASA's 
LARSYS Ill. 1 digital analysis program was i n  principle to be used exclusively within 
the United States of America. As a result of the project, however, NASA granted 
Bolivia permission to use it. The adoptotion of i t  to local equipment mpabilities 
was later fed back to NASA. This shows a gain i n  international negotiation ability. 
Another indicator i s  the openness and interest with which NASA has been getting 
suggestions from Brockmann and his aids i n  order to improve the remote sensing 
technology itself. Cerfain limitations of the first U. S. satellite to obtain information 
in the nditions of Bolivia seem to have already influenced improvements i n  the 
design of future satellites that would overcome most of the shortcomings observed 
and reported by the Bolivians. The fact that big powers can listen to small 
countries i s  most significant so that the former may not keep building technologies 
that fa i l  to meet the requirements and possibilities of the latter. 

15. ARE THERE A N Y  SUBSTANTIVE DIFFERENCES B E W E E N  CENTERS DEVOTED 
TO REMOTE SENSING TRAINING ? 

Differences exist but they are unlikely to be i n  terms of quality. What seems to 
basically distinguish one center from another i s  the special attention eoch prefers to 
place on a given discipline. Evidently, LARSOat Purdue i s  the specialized center 
for agriculture. For mining, EROS Data Center a t  Sioux City. For cartography, 
the Geological Survey Center a t  Reston, Virginia. For geology, €RIM at  Michigan. 
Experiencing with two of them lead to finding one qualitative difference. Whereas 
tmining at Purdue was wholeistic (theory and technique) and systematic, i t was 
rather fragmented and somewhat disorderly at Michigan. This was apparently due to 
the fact that the center a t  this latter point was not a part of a univenity and thus 
i t  lacked expertise i n  the planning and conduction of formal tmining. 

16. WHY SHOULD IDRC GET INVOLVED IN REMOTE SENSING WHEN THERE ARE 
OTHER INTERNATIONAL AGENCIES BETTER EQUIPPED TO SUPPORT ITS USE 
I N DEVELOP1 NG COUNTRIES? 

I t  i s  true that agencies such as F A 0  and AID have been i n  closer contact with the 
discipline and can probably al lot  to i t  more resources than IDRC. But there are at 
least two reasons why this latter institution should also be involved i n  promoting 
advancements i n  this f ie ld i n  the developing countries. One i s  that IDRC.specializes 
i n  fostering research operations. The other i s  that, compared to a l l  other agencies, 
l DRC i s  "the least bureaucratic and most expeditious". Also i t  i s  "the only one 
that gives the grantee total feedom to decide what they want to do and where they 
want the external assistonce or equipment to come from. Thus i t  must "stay i n  the 
game", except under circumstances as the fol lowing: 



- When the interested institution has not a both stable and active national 
committee of users that would ensure taking ful l  advantage of the effort's 
product. 

- When the country concerned fails to have l o a l  facil it ies enabling i t  to  
carry out in  sittu multispectral analysis by computer. (Bolivia d id  not have 
them and thus GEOBOL had to do the image data processing in  the U.S. * 
Learning was indeed gained there but doing the analysis abroad caused serious 
limitations and inconveniences since f ield verifications of satell ite data were 
slow and complicated. A l l  types of analysis and verifications should be 
performed with in the country's territory). 

- When the main component of the intended inquiry i s  geological and mineral- 
ogical , information. (LAN DSAT spacecrafts present1 y available from the 
first t o  the third - are not specifically designed to  obtain this type o f  
information. This can be compensated by computer. analysis procedures more 
refined than those used i n  the Desaguadero project. But i t  seems wiser to wait 
unti l  the fourth satell ite of the series i s  in  operation in  1980 or 1981. This 
spacecraft w i l l  be designed and equipped to obtain geological and mineral- 
ogical data as well  as other kinds o f  information). 

- When the proiect's aims are unrealistically overambitious. 

t With additional equipment that w i l l  receive soon GEOBOL expects to  fu l ly  
secure such autonomy by the middle of 1980. 



SUMMARY 

In 1975 IDRC supported in Bolivia, with about Can$70,000, an experiment o f  
transferring to this country an advanced U.5. technology for prospection of 
natu'ral resources : remote sensing based on computer -analyzed images transmitted 
by satellites provided with multispectral scanners. The Desaguadero River Project 
(3-P-74-0136) was conducted by Dr. Carlos Brockmann, the director of the 
Earth Resources Technological 5 atell ite Program of  the Bolivian Geological 
5ervice (GEOBOL),a decentralized agency of the Ministry of  Mines and 
Metalurgy. The proiect had two basic and closely interrelated aims. On  the 
one hand, to produce four thematic maps: geology (regional and mineral); 
geomorphology; hydrology; and soils. On the other hand, t o  train Bolivian 
scientists in remote sensing, with special attention to rnd tispectral analysis of 
the satellite's digital data processed by computer, and seeking to adapt 

.NA>A1s computing programs to the kinds of computers available in  Bolivia. 
The main beneficiary of the project was to be the Ministry of Agriculture as, 
with endorsement from the Ministry of Planning, the former could establish a 
regional development plan in the Desaguadero valley area i f  the Bolivian 
Development Corporation built there a river dam to irrigate an otherwise 
desertic high-al ti tude territory. 

As the present evaluation found, both those aims were achieved but the extent. 
to which this occurred varied as follows: the training aspiration was fu l ly  and 
optimally met whereas the production o f  cartographic information was only 
partially attained. Moreover, while training has fructif ied and multiplied since 
1975 in several ways, the cartographic information obtained for the Ministry of 
Agriculture soils map has not, so far, been used by i t .  I t  did not turn out 
possible to obtain geological, mineralogical and hydrological information of real 
usefulness. By contrast, unexpectedly, i t  turned out possible to produce an 
extra map on land use and coverage, for which the satellite images of  the 
35,000 square kilometer segment of the Desaguadero area proved highly informative. 

The map haking objective proved partially unrealistic. It apparently was too much 
to expect from a few and unexperienced professionals to  build in  one year four 
complex maps of too large a territory. ~ l s o  limitations intrinsic of LANDbAT 
spacecraft of the models 1, 2 and 3, as well  as observation ~roblems determined 
by high altitude desertic lands and the narrowness of river courses made practically 
impossible to obtain val id and sufficient information for the geology, geomorphology 
and hydrology maps. 

Nonetheless, taken as a whole, the Bolivian project .did fu l f i l l  considerably i t s  
aims. I t  effectively grasped the rudiments of an advanced technology, i t  



efficiently obtained through it some o f  the information i t  wanted (and even some 
that it did not expect to collect) and i t  successfully adapted to  the country's 
possibilities said technology by transforming NASA's  LARsYs Ill. 1. program from 
IBM-360 patterns to DEC-10. This experience was not free of problems. O n  the 
technical side, the low spacial resolution and the high amplitude of the spectral 
band in LANDSAT 1 prevented the proiect from obtaining data about rocks and 
minerals. O n  the administrative side, the local lack of proper accounting 
procedures and IDRC's slowness in doing the grant payments, along with an 
absence of homogeneity between GEOBOL's and IDRC's budgeting patterns, caused 
serious difficulties. 

The project's impact was assessed on several dimensions. One was the enhancement 
of the institutional capability for conducting further similar studies. It was found 
that such strengthening and improvement had occurred to a very appreciable degree 
in  GEOBOL, whose director, Dr. Brockmann, expressed the conviction that, 
without the project, the ERTb Program containing i t  would not have found a way to 
the higher endeavours in which it i s  now engaged. Relatedly, GEOBOL demonstrated 
its abi l i ty for self-sustained continuity by immediately doing more research as that 
of the project with i t s  own funds, a large part of  which i s  earned from contracts 
with many national development agencies resulting from the expanded prestige gained 
through the project. In fact, several Ministries, descentralized corporations and 
regional development agencies are increasingly demanding from the program services 
similar to those provided b y  the proiect. Furthermore, the project has also had an 
impact outside Bolivia in  several manners. The most notorious has'bpen an IDRC- 
supported Chile-Bolivia remote sensing project through which the GEOBOL team 
shared i t s  experience, acting as teacher o f  the neighbours. O n  the other hand, 
Bolivia hosted two international gatherings on remote sensing, as a result of  which 
Dr. Brockmann was asked to prepare the basis for a Latin American Remote 
Sensing Council and Bolivia was pre-selected as the seat for a regional training 
center in this f ield which w i l l  be sponsored by three international organizations 
as of 1981 . 
Brockman'n regards remote sensing not as a universal panacea but as a very 
appropriate tool for developing countries as he finds i t  not so complex, as well as 
far cheaper and faster than conventional methods for prospection of  natural 
resources, such as air photography surveys. He feels that IDRC's involvement 
in  the proiect was appropriate and useful, stressing i t s  f lexibi l i ty and swiftness of  
procedures and the fact that i t  does not attempt to exert domination over the 
grantees. I t s  monitoring, Brockmann noted, could be greatly improved, by 
making i t  closer and more frequent perhaps through recruiting for each proiect of  
this type a consultant that would be i n  constant contact with its operations. 



Brockmann recommends IDRC to continue financing similar studies i f  and when 
(a) the interested country counts a priori on an inter-instit"tiona1 committee 
that would .ensure proper ut i l izat ion o f  the information to be obtained and (b) 
has,already local facil it ies for conducting in sittu multispectral analysis of 
digital computer data. 

Finally, Brockmann recommends not to ask from present LANDbAT spacecrafts 
the abi l i ty  to  produce information for geology, mining and hydrology. Thanks 
in part to  the experience with the Bolivian project, the design of LAN DbAT 4, 
t o  be launched in 1980 or 1981, w i l l  allow i t  to  comply also with such re- 

quirements. 



A N N E X  

TEXT OF AGREEMENT BETWEEN GEOBOL A N D  THE MINISTRIES OF 

MIN IN G/METALLLIRGY, ENERGy/HY DROCARBONS, PLANNING/ 

COORDINATION AND AGRl CULTURAL A N D  .PESANTS AFFAIRS. 
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Ar. 16 & Jullo 1789 
Chblsr: Mlnrnlnotla ACUERDO DE COOPERAC l ON TECNl CA 

La Pu - BolMr 
IWTERnINISTERIAL. 

1. ANTECEDENTES. 

E l  Serv ic io  Geolegico de Bo l i v i a  fui designado comb organi, .' 
m & contraparte c investigador p r i nc ipa l  del  Program del S a t b l i t e  

' Tecnol6gico de Recursos Terrestres (ERTS-A), creado con e l  ob je to  de 

ap l  i ca r  18s irnigenes LANDSAT en e l  estudio & 10s recursos del pais,  

para cuyo cfecto sa elaborb un program m u l t i d i r c i p l i n a r i o  que cubre 

18s d isc ip l inas  de Geologra, Hidrologia, Pedologra, Forestal, Ceogra- 
.. . .- 

f l a  y Crrtografra, Evaluacib, y manejo & Canpos Naturales, informs- 

c i h  que e s t i  siendo elaborada en f o r m  sistemdt icr  de acuerdo l o  in 

> 

. ---.-- .--- 

dicado en e l  Plan Nacional & Desarrol lo Ewnbnico y Social 1976-1980. 1 
E l  Anexo A. detal l a  l a  experiencia que e l  Program ERTS ha . 

obtenido durante 10s Cltimos .nos en aspectos rgrrcolas,  l o  qw de- ' 

. . muestra que-cl -Program.ERTS e s t i  capacltado para proporcionrr  In for -  
1 

nucibn bssica .para e l  desarrol l o  agrrcola d6l pars. 

2. HlNlSTERlOS PARTICIPANTES. 

SegGn e l  Decretot Supremo de Creaci& &I Program del Sa t i -  
I 
i 

l i t e  Tecnolbgico & Rccursos Terrestres N'10135 de fechr lode Marso I 
de 1972, establece en su A r t i cu lo  Tercero l a  par t ic ipac i6n de d iver -  

I 

ros Hfn ls ter ios  que entre otras se encuentran e l  M in i s te r i o  de Plane& 
I 
I 

miento y bordinacibn,  H in i s te r i o  de Asuntos Canpesinos y Agropecue- 

rim, Win is ter lo  de HinerFa y t k t a l u r g i a  y e l  Win is ter io  de Energia l 
1 

~ idrocarburos,  10s cur les intervienen en Ia  suscr ipcibn del presente 

C m n n i o  como p r r tes  del mlsm y que. por e l  A r t l c u l o  Cuarto del c i t a -  

do Dccreto Suprem deberin cont r ibu i r  e l  Programa del S a t i l i t e  Tecnolc 

g i co  de Recursos Terrestres, con personal. equipos, materia\es y faci -  

l ida&s para l a  ejacuci6n 6 1  Program ( h e r o  8). 

6 
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L. P a  . Bollvlr 

3. OBJETO DEL CONVENIO. 

E l  obJeto de es te  Convenio r e v i s t e  a que e l  Programa ERTS p r o  

p o r c i m a r i  l a  informaci i in egr i co la  b i s i c a  requer ida por  e l  M C A  a tra- - 
vds de sus . i n s t i  tuciones especial izadas. 

Para e l  cumplimiento del obJe t i vo  antes i n d i u d o ,  e l  Programa 

. 

ERTS requ ie re  18 adquis i  c i6n  & equipos espec ia l  izados que p res ta rdn  l o r  

s e r v i c i o s  necesar ios para e l  procesamiento d i g i t a l  de datos; que propoL 

cionan l a  lnformacldn necesar ia para l a  p l a n i f i c a c i &  de l  & s a r m l l o  a- 

g r l c o l a  de l  pafs.  

A s u  vez e l  Program ERTS se compromte a poner a d i spos i c l 6n  

. de l  MCA, 10s p rograms ex is ten tes  y 10s f u t u ros  a desa r ro l l a r se  para e l  
!, 

proccsamlento d i g i t a l  dc informaci6n a g r i c o l r .  

. - .  - 5. JUSTlFlCACiON DEL CONVENID. 

En 0 1  docuncnto actual ,  e l  d e s a r m l l o  de 18s tdcnicas de Per- 

. c i &  Remta  en Bo l i v i a ,  se encuentran avanradas ya que e l  Programa ERTS 

dispone dc pro fes iona les  capacitados para r e a l i z a r  t raba jos  de i n v e s t l -  

gac i6n y operaclBn para recursos na tu ra les  renovables y no renovables. 

. 

€ I  Programa ERTS ha inplementado un sistema de procesamiento d i -  

I 

i 
I 

' I  

g i t a l  de anS l i s I s  y c l a s i f i c a c i 6 n  de datos mu l t iespec t ra les  conocido wnn 

L ~ R S Y S  quc pennl te  i d c n t i f i c s r  en base a p a r i m t r o s  f f s i w s  de r e f  lectan-  
1 .  

c ia ,  d i f e ren tes  clases de coberturas t e r r es t r es  (vegetaci6n, suelos, ro- 

eas, agua y rasgos cu l tu ra les ) .  / 1 i 

Sln  embargo, para op t im izar  en t ienpo, cnstos y p r i n c i p a l m n t e  

c o n f l a b i l  ldad de lor resu l  tados obtenidos, se requ-iere meJorar y amp1 i a r  

- l a  capacidad Ins ta lada  &I Program ERTS en equipo  arbar are) y progra- , 
mas & procesamiento d i g i t a l  de datos (software). 

113.- 
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E l  equipo  arbar are) wnsfs te  k un d ispos l t ivo  de presentm- 

c16n d i g i t a l  p i c t b r i c a  que funciona en un modo in tersc t ivo ,  que permf- 

te efectuar on reslcc de l a  imdgen quc faci  l i t r  e l  anb l is ls  d r  .la I n f o 5  

macl6n para l a  ident I f icac i6n precis. y r l p i d a  k vegetaclbn, suelos,r=. 

ca y agua. 

Con este equipo r e  I n c r e n n t a  l a  capacidad in teract fva ent re  . 
e l  i n t i r p r e t e  y e l  procesamiento de lo r  datos realizador por conputado- 

- - -  

. . 
ra. Sin embargo, para l a  presentaci6n g r6 f i ca  & l o r  resultador f l na les  

de a n 6 l i r i s  y c las l f i cac i6n  mult iespectral, se requ i t re  &l equlpo auxL 

l i a r  inpresor en blanu, y negro 6 color, capaz de generar un product0 

Final. Tambiin este equipo a u x i l i a r  impresor, t iene l a  capacfdad & In+ 

pr fmi r  idgenes realzadas d ig i ta lmn te ,  aptas para ser u t i l i 2 8 d r r  en In -  

t e r p r e t a c i h  visual. 

Para ~ m t e r l a l i z a r  e l  sirterns de proccssmiento dig1 t a l  dc i d g z  
. .. nes r e  requ iem de un minicanputador, que serS e l  d ispos i t ivo  de I n t a r f z  

. . r e  entre l o r  d i s p o s l t i w s  dC me~oramicnto y l a  unidad cent ra l  d; pmu- 

so. ( h x o  C). 

E l  Programs ERTS ha inplemntado un sfsterna de proccramfento dL 
. 

g f t a l  de datar mu1tiesp;ctralcs (LARSYS), que in ic ia lmcnte se encantraba 

inconpatible con 10s actuslet  sistemas & conputaci6n existenter en b 

Pat,  para cuyo efecto ha s i &  necesario efectuar las inversfones necesa- 

r i as  para l a  inplemntocI6n de 10s programer, adquis ic l& & cintas -9- 

L n i t i c a s  y caprci tacibn & personal. 

Lor requerimientos ,actuales para e l  procesamiento d i g i t a l  & dr_ 
I 

to, obtenidos por sat61 Ite, hacen neccsarlo l a  actual izacibn pennsnente 

k programs & proctsamiento d i g i t a l .  
I 

. . //4.- 

I 
' I 
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E l  f inanciamiento que carprende es te  Convenlo no  cubren 10s 

costos que ya  han s i d o  rea l i zados  por  e l  Programa ERE, en la' fase de 

l rnp lemntacidn &I s l s t e m  & proceramiento d i g i t a l  de datos m u i t  i e s p ~  

t r a l es ,  cuyo c o r t o  aproximado asclen& a l a  cant idad de $us. 50.000.- 

. _ --_c.--- 

Lor rrontos aproximados de l o r  d i s p o r i t l v o r  (~ardware)  y p r o g r r  

M   of w a r e )  que forman p a r t e  de es te  Convenio r lcanzan a l a  s w ~  de 

$us. 230.000.- que desglosador, aproximadarrente son 10s s iguientes:  

M I N I S T E R 1 0  D E  M I N E R I A  Y M E T A L U R G I A  . 

B O L I V I A  . 

O~ICIM~ C e n h l u :  N' . . . . . . . . . . . . . . . 
Ar. 15 k Julk l t r )  
Cablc~:  M lnm ln rU  

. 
- 4 -  

la P u  BolMr 

b 

1. Fase imp lemntada  (~ rograma ERTS) $us. 50.W.- 

. 

2. I np l emn tac i bn  en equipo ( ~ r r & a r e )  

y programas & procesamlento (Soft- 

1 Lor d i s p o r i t l v o s  ya Jus t  I f  icador a n t e r l o m n t e ,  requleren ck 

sistemas operatives prop ios  para  s u  funclonamiento, l o r  c w l e s  .a1 rer 
.. p a r t e  de l  equipo est6n j us t i f i cados .  

ware). 

La capaci dad que t i ene  rc tualmente e l  Programa ERTS i n c r e m n t c  

da a n  l o r  equipor  a adqu i r i r se ,  r e r v i r a n  para  apoyar e l  des;rrollo d e l  

Sector  Agropecuario, wrro se r  e l  Levantamien t o  In tegrado dc I' ~ r e a  San 

BorJa, San Ignac io  de Monos, e l  cua l  se desa r ro l l a r6  en fornu conJunta 

a1 l n s t i  t u t o  Bo l i v i ano  & TecnologTa Agropecuaria, e l  i n v e n t r r i o  de 10s 

. sue lo r  r a l i n o s  y vegetaci6n &I A l t i p l a n o  y ,el  Proyecto Regional ( A m L r l  

ca ~ a t l n a )  de l a  construcc idn y uso de un m r c o  de referencia, f inancl f  

do por USAIDnlashlngton, e l  cua l  coardinado con e l  P rog ram ERTS y e l  

Departamnto & E s t a d f r t i c a  &I HAL4 r e  f o r t a l ece r i n ,  permi t iendo  esta-  
' 

b l ece r  un s i s t enu  cont inuo de datos agropecuarios computarizador ( ~ n e x o  

a). I 

. . 5. FINANCIAMIENTO. . .  

E~DRSII e ln~tlluclonem R i b l l o ~  depend~ente~: Corponcl6n M lnen  de Ballvla. Empreu Wmclotul d. Fundklonu, b e  
Gwl4glco de Bol~vlm. I n m u m  Mimm Matalu~glco. brnlml4n BOlivlem de Enerph Nuclemr. Benca M l n r o  & BolMq 61- 
M o  Nuloru l  d. hlar(6n 

r 
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4). D l spos i t i vo  de presentaci6n d i g L  

t a l  p i c t b n i c r .  $us. 80.000.- 

b).Hlnlconputador de I n t e r f a r e  $us. 40.000.- 

c ) . ~ i spos  l t l v o  de irrpresI6n. $i. 60.000.- 

To ta l  $us. 230.000.- 

Del t o t a l  k 10s $us. 230.000.-, MU4 apor ta rs  con $us. 130.000.- 

y e l  Program ERTS w n  $us. 100.000.-, k l o r  cuales $us. 50.000.- ya fuc_ 

nm erogados en l a  f r s e  & implemntacI6n de l o r  programas k proccsamiec 

t o  digital de datos mu l t iespec t ra les  LARSYS 3.1 y  1.1 c i n t a s  magn6tlcas 

Ir s e r l e  &I S a t i l  i t e  LANDSAT 1-2-3. 

6. PROPIEDAD. I 

propledad & Ias i ns t i t uc i ones  en f o r m  p r o p o r c i m a l  & acuerdo a  sus a- i 
portes,  &Jando es tab lec ido  quc l o r  misrms forman un sistenm de procesa- I 

1 
mlento d i g l t a l  i n d i v l s i b l e ,  po r  cuyo m t i v o ,  10s mlsmos no.podr in f r a c c i o  

1 
nar re  s i  una k Ias 'par tcs  d i e ra  p o r  f l n a l i z a d o  e l  tonvenlo. 

Los w s t o s  que demndcn e l  procesamiento d i g i t a l  de d a t m  ser5n 

cancelados po r  l o r  H i n i s t e r i o s  a l  Programs ERTS en bare a l  costo, hora 

conputacibn y  mater ia l  a f i j a r s e  una vez wnoc ldos  10s mismos po r  e l  P r o  

g r a m  ERTS. I 

. E l  Program ERTS/CEOBOL, mcdiante e r t e  tonvenio t e n d r i  a s u  wr- I 
go l a  capaci tac i6n k personal  de 1.1 d i f c r cn tes  I n s t i t u c i o n e s  prrticipan- i 
teS .en e l  m i s m ,  con e l  entrenamicnto & tdcnicos en e l  mneJo  de l o r  e- l 

Emprasu r lnrUIuclonr8 Pljbllo8 drprndlrnrr8: Corporaclbn M l n r n  dr 801lvle. Emprsu Naclonal do Fundlclonrr, -10 I 
I 

Ceolbglu, de Bol lh .  In8llNm M ~ n r m  MeI~Iurglco. Comlrlbn boll vie^ d. herpia Nuclear. bna, Mlnrrp dr Bolblr. SIDUSIC 
rndo kmlorul d8 CqAoraolOn. I /  

:I 
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! qulpos, durante l a  e jecucidn de 10s t raba jos  a r e r l f  zarse. Asrmismo, 

I s t  r e a i l z a r i n  c u r s i l l o s  especlales con tI f i n  k capac l ta r  personal 

. . en l a  l n t e rp re tac i 6n  v isua l  & idgenes  dc s a t i l l t e ,  f o t og ra f f as  d- 

r c r s  c t c .  y en e l  umnejo y uso & l a  in fonnaci6n obtenida por n d i o  . 

9.  CONVENIOS. 

Para l a  e jecucldn d c l  presente acuerdo, se r e a l i z a r i n  Conv l  

n l os  cspecia les en t re  e l  Program ERTS/CEOBOL y l o r  M i n i s t e r i o s  p a r t i  

cipantes, para l a  e jecuci6n de t r a b r j o s  espec f f i cos  e l rborados & a- 

cuerdo a l a s  p o l f t i u s  de p l a n i f l o c i d n  & u d a  uno de 10s Min is te -  

r ia. 

En scftal & arnfonnid;d~suscrlben e l  Convenio 10s . 
Senores: Dr. Oscar Boni faz C., f l l n l s t r o  de H i n e r r r  y k t a l u r g i a ;  Jng. 

Jorge O ' h n o r  DIArlach, f l i n i s t r o  k Energfa e Hidrocarburos; Ing. 

Carlos Hiranda P., H i n i s t r o  & Planemmiento y Coordinaci6n y Dr. Car- 

melo Caballero, H i n i s t r o  & Asuntos Campestnos y Agropecurrios, en l a  

eludad dt La Par, a l o r  D ie t  y Seis D I r s  &l M s  de Octubra de H l l  N= 

w c i e n t o s  Setenta y Nueve Mos.  

Ing. Jorge O'Connor D'Arlach 

/ t*, . # /  

Dr.. b n n t l o '  Cabal lero 

fll Nl STRO DE PLANLAHIEHTO Y COORDI NACION MlH ISTRO DE ASUNTOS CAHPES l NOS 
Y ACROPECWRIOS 

La Par, 16 de Octubre de 1979. 




