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INTRODUCTION 

Gilberto C. Gallopin, Head 

Sustainable agriculture requires the operation of critical nutrient recycling mechanisms, 
preservation of soils, pollination of crops, regulation of hydrological cycles, and the 
maintenance of a large genetic library to cope with new pests and hazards. Al! these 
requirements are exclusively met by healthy ecosystems. On the other hand, fanmlands 
and wildlands offer to humans significant goods beyond food and fibers. We do not live 
by tood and fiber alone: we also need unpolluted air and water, flood regulation provided 
by healthy watersheds, and a functional atmosphere to protect us from global wanming 
and hanmful radiation. We also need healthy rural lands as sources of spiritual 
inspiration and renewal. These services are part of our totallife-support system. In 
summary, environmental management and protection are required nol only for the 
sustainability of agricultural production but for our very survival and well-being. 

Therefore, agriculture, as a crucial component of sustainable development, needs to 
blend ils traditional economic goals with ecologicel and social objectives and principies. 
Maximization of product must respond to the need for preservation of our life-support 
system. A different approach could mean disaster. In Latin Americe, attempts to 
maximize yields as the exclusive goal are already facing severe environmental and 
social backlashes. Ironically, in a region where perhaps more than anywhere else 
lasting socioeconomic development depends upon sustainable land use, land-use 
mediated transformation of the landscape is the driving factor of the region's 
environmental degradalion, from soil erosion to biodiversity loss. 

As a result of our growing understanding of the human-nature bondlng, socleties and 
institutions throughout the world are evolving toward greater environmental 
responsibility. This is CIArs recent experience, still in development. 11 is the Land 
Management Unit's purpose lo help establish and enhance CIArs renewal of its 
inslitutional approach toward agriculture in the tropics. 

This year's report intends to stress change and cooperation in LMU. For better 
orientation, a fact section is offered. Tables and diagrams have been incorporated to 
fadlitate executive reading and emphasize links. Since LMU's activities belong wlthin 
common, cooperative project boundaries, accomplishments are summarized in two 
project-oriented activity-achievement tables. A section on LMU's approach to research 
on land use dynamics in tropical Latin Amerlca offers an overview of the concepts 
embraced by the Unit, and how are they operative and pertinent to CIAT and the 
sustainable agriculture endeavor. Finally, detail contributed by LMU's staft is provided in 
a volume bound separately. 
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EXECUTIVE SUMMARY 

As a consequence of the rearrangements associated with CIATs S!ructural Adjustment 
Plan, during 1996 the Land Management Scientific Resources Group beca me the Land 
Management Uní!. Despite íncreased financial constraínts and 'aneral turbulence, the 
Unit continued improving on its sCientific, technical, and institutlonal capacities, 

A complete summary of LMU's core project (P22) activities and achievements during the 
period is presented in Table 1, ordered byexpected outputs and activity groups, LMU 
sub-projects and cooperative activities within the context of other CIAT projects are 
summarized in Table 11. Here we review the most significant progress during the periodo 

Activities 

The rainforest-margín region of Pucallpa (Peru) was confirmed as LMU's Land Use 
Dynamics in Latín America (P22) project case study site. Multi-disciplínary work 
started by mid 1996. A survey of literature on Pucallpa was performed, rendering about 
300 references. Drs. Sam Fujisaka and Erik Veneklaas visited Pucallpa, performed 
ínterviews and inventory surveys, and collected basic ecological and socioeconomic 
data. Socioeconomic and land-use data from Pucallpa were collected using the same 
methods than in Brazil (see previous report), to allow their comparison. A paper 
reporting land use and deforestation results al Brazil was submitted to the joumal 
"Biodiversity and Conservation". 

Development of Latin American Map coverages continued apace. We obtained maps 
of third order administrative units for ea eh country, digitized them and adjusted them to 
!he boundaries of !he Digital Chart of the World (DCW). These now form a seamless 
coverage of about 11,000 units for the continent. This is available on request and will 
shortly be posted on the World Wide Web. Watershed coverages from the in country 
UNESCO studies are being digitized on contract from UNEP. These willlikewise be 
adjusted to the DCW and made available through CIAT, UNEP and UNESCO. 
Collection of population data was completed, and we are in the process of obtaining 
poverty data in collaboration with ECLAC (Economic Commission for Latín America and 
the Caribbean). The most recent and geographically detalled crop distríbution data were 
collected for the 20 mainland countries. 

Dr. Manuel Winograd continued coordinatíng the CIAT-UNEP joint project on 
environmental and sustaínability indicators. Twenty eight regional and 
govemmental instítutions were contacted for the creation of a network of users and 
developers of environmental and sustainabílíty indicators. A roster of institutions was 
produced and specific agreements were establíshed with five of them. A paper on the 
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analytical framework ot environmental and sustainability indicators was prepared and 
presented at a regional workshop in Mexico, hosted by the project and the World Bank. 
A paper on the theoretical basis of indicators (Galiopin, 1996) was accepted for 
publication. 

Besides ils own projects, LMU collaborated in several other CIAT core projects. Within 
the context of the Bean Program's PROFRIZA project (P6), a great effort was spent in 
the development of an experimental approach to community based conservation of 
bean germplasm in Cajamarca, Peru. About 275 cultivars were catalogued, and the 
research site was GPS-surveyed in order to develop a digital elevation model (DEM), 
that will allow land-use and environmental-risk quantification. Collaboration with the 
Bean Program also extended to P7, in Ecuador and Ethiopia. There, a research on the 
utility of scientific recommendations in comparison to peasants' own decisions in poor 
and risky conditions demonstrated that peasants have developed sound processes of 
decision-making, which sometimes are superior to agricultural research 
recommendations (Fujisaka, 1996). This very significant result should guide our efforts 
toward more peasant-oriented research and priority-setting. 

Our understanding of genetic diversity tor betler conservation and use of genetic 
resources (P14) continued strengthening with the use of improved GIS-supported 
environmental characterization techniques. These techniques allow the mapping and 
prediction of sites where relatives of target species or genera can be found. A paper 
delineating the mapping methods developed by LMU was accepted (Jones et al., 1996) 
and the mapping techniques were successfully applied to Stylosanthes, Manihot, and to 
a major pest of cassava. In addition to the climate data that currently support the 
techniques, further variables, such as soU features and human disturbance will be 
incorporated shortly. 

The GIS facility performed several airborne and satellite image processing in support to 
CIATs LMU, HiIIsides, Tropical Lowlands and Bean programs. In particular, large-scale 
orthophotos and digital elevation models (DEMs) were obtained for the first time in our 
history. Increased technological skill allowed the processing of 55 aerial photo pairs and 
the production of 700 Km' of 5-m resolution DEMs. Satellite image processing 
delivered 75,000 Km' of actualized land cover data in record times and at very low cost. 

A nationallevel GIS of Honduras was completed. The GIS includes full cartographic 
coverage at a 1 :500,000 scale. Linked data inelude censuses tor agriculture (1974 and 
1993) and population and housing (1974 and 1988), at the municipio level. More than 
3,000,000 individual household records were processed up to aldea level (3,700 aldeas) 
producing the most accurate nationallevel socioeconomic GIS in Latin America. Land 
cover for Honduras is actually being generated based on recen! remote sensing 
imagery. Spatial analysis of the data will allow cross-scale modeling and generation of 

Ann"al Repon 1995-1996 November 1996 Page9 



CIAT· L.nd Mln.semen! Unit 

rule based data reduction, tor application to poverty targeting, land use change study, 
market analysis, and a wealth of other applications in data scarce environments. 

Remote sensing work continued in the Cauca Valley looking tor better ways to derive 
maps tor land cover in hillsides areas. Although much work has been done in remote 
sensing on easier terrain there is a desperate need for better ways to charaeterize small 
plots on steep slopes. Drs. M. Langford and W. BeU will be publishing some early 
results in an upcoming issue of the International Journal of Remote Sensing. 

Finally, in an attempt to provide CIAT with a greater understanding of the aeeuracy and 
eosts of DEMs which are produced tor use in hillside regions, a two-year projeet was 
completed. DEMs are by tar the most expensive componen! of a GIS, and !here was a 
need for a method to seleet the optimum eombination of map scale, contour interval and 
eell resolutíon adequate to agreed standards. Sound empírical rules have been derived 
based on rigorous comparative analysis of the DEMs, tor both altitude and slope 
variables. 

New Projects 

A new special projeet was approved by CIDA. The project addresses the "Development 
and application of an integrated conceptual framework tor tropical agroecosystem 
research based on complex systems theories". The projeet is one of tour approved 
projects out of eleven CGIAR projects submitted to CIDA. The project has already 
started. 

ID8 recently approved a project entitled "Targeting rural poverty and natural resourre 
management research" with the objeetive of creatíng a decision support system tor 
prioritizing poverty eradieation efforts in Latín America. 

The Land Management activíties ofthe Ecoregional Project (funded by ID8) were 
iniliated. Dr. Glenn G. Hyman was recruited as a Postdoctoral Fellow and ¡nitiated 
aetivities related to a land degradation survey of Latin America. 

Dr. BeU recently prepared a proposal tor DGIS, Netherlands tor consíderation under their 
Ecoregionallnitiative entitled "Methodologies tor integrating data across geographie 
seales in a data-rich environment: Examples from Honduras." 

Institutional Relations 

During the last two years, we have wítnessed a permanent strengtheníng of our links 
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with the extended family of NARs and environmental institutions. A complete list of 
LMU's current cooperating institutions is offered at the end of this volume. 

During this period, the previously formed links with UNEP (United Nations Environment 
Program) and the University of Guelph (Canada) continued rendering fruit. CIAT 
became one of a selected group of UNEP-coordinated Collaborating Centers tor 
International Environmental Assessment, Reporting and Forecasting. A joint project 
with Guelph was funded by CIDA and has already started. 

Links with the University of Leicester were further developed and Dr. M. Langford spent 
a six month leave at CIAT during the second half ot 1995 and he will return for a 
sabbatical during the second half of 1997 to continue his work on remote sensing in 
areas of steep slope and small plots in Cauca. 

Collaboration with the University of Birmingham, the Royal Botanic Gardens at Kew and 
CSIRO will be continued with the return of Mark Sawkins to further work on the mapping 
of Stylosanthes germplasm. 

Four more agreements with institutions of the region were developed by the Unit and 
signed by CIAT. From regional to local, they ¡nclude: 

• l/CA (In ter-American InsUtute for Cooperatíon in Agriculture). A Letter of 
Understanding for cooperation in relatlon to the modelling, scenario, indicator, and 
GIS activities 01 the Unít was signed by both CIAT and lICA. 

• Ministt}' of the Environment, Brazil. As a follow up of former conversations, a letter 
from the "Secretaria de Coordena9ao dos Assuntos do Meio Ambiente" inviting 
collaboration with CIAT was received, and positively responded. The Head of the 
Unit was appointed as CIAT's contact person. 

• National Planning Department, Colombia. A Letler of Agreement, followed by a 
Contract, were signed. Cooperation on environmental and sustainabilíty indicators 
is ongoing. 

• CARDER - Corporación Autónoma de Risaralda, Colombia (Autonomous 
Corporation tor the Department of Risaralda). A Letler of Agreement and a 
Contract were signed with this subnational governmental institution. Cooperation 
has been completed in the area of environmental indicators. 

A complete account of LMU's activities, within a project-oriented context follows in 
tabular formal. More detail on specific activities and products can be found in the Detail 
volume of this reporto 
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TABLE 1. LMU P22 PROJECT SUMMARY 

~~~ 

P22 
"SUSTAINABILlTY ANO LANO USE DYNAMICS IN LATIN AMERICAN 

PURPOSE 
To ímprove policy and decísíon making for sustaínable land and enviromnental management in latín Ameríca through the scíentifíc analysís olland and 

environmental pallerns, antícípated dynamics. and policy indicators. 

OUTPUT1 
ENVIRONMENTAl OPPORTUNITIES ANO CONSTRAINTS IOENTlFIEO ANO ASSESSEO 

ACTIVITIES ACCOMPllSHMENTS HIGHlIGHTS 

1.1 Oiagnosing Agroecosystem Health in Priority Areas 

• CIDA approved Special Project (in cooperatíon wilh !. An extensive bíbliographical survey on 
the Uníversity 01 Guelph, Canada). 1"-"-- 'o .... ~, "'" 

• Canadían Research Associate recruited in August 
soon be widely available. 

1996. 
--

1.2 Performlng Field Characterization of Study Sites 

Yucao (Colombian llanos) • Ecological characterizatíon of gallery lorests started • Allhough gallery forests and slreams provide 
in September 1996. key ecologícal servíces (sediment buffers, 

wildlife habítat) and valuable resources (dry 
• Research propcsal "Assessment of environmental season forage and water for call1e, game, 

services and the impact of agricultural intensification tímber, fuelwood), an inlegraled ecological 
ín Ihe Colombian savanna" (reslricled eore projeCI) research of them had never been carried out 
submilled lo GTZ for funding. 

• Dala coUected during June-Augusl and November 
Pucallpa (Peruvian Amazon) 1996. • Data trom Pucallpa will allow a comparative 

study wilh sites in Brazíl. These Amazonian 
sites differ in time of colonization, 
accessibility, land policies, elcelera 

---_.- ~---_.- -
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1.3 Preparing Digital Ecological Maps at Different Scales (Local to Regional) 
1--.. .. 

Meta (Colombian Llanos) 
Characterizatlon: 

• TM image (dated January 1996) analyzed for • Forests play importan! role in glasshouse-
• Analyze TM imagery and ecological characterization and spatial relations etfect CO:, sequestration: Their carbon 

perform GIS analysis. between landscape units. content per unit area is one order of 
magnitude greater than for savanna 

• Implement GIS $Upport for • TM scane geo-referencad by ground lruthing with a grassland. 
ecological characterization of Global Positioning System (GPS). 
Llanos. • Forests caver a significant proportion (up to 

• Land-cover map producad. 20%) of the area in Ihe study region. 
• Characterize spatial relations 

between agroecosystems. • Extensively managed savanna is still much 
more abundant !han improved pastures. 

Latin American Map: 

• Compile Latin American watershed • Contract from UNEP lo digitize catchment • Because different base maps are usad in 
coverage. boundaries from in-country studies of hydrography eaeh country, rivers and streamlines did not 

(initiated by UNESCO) undertaken by LMU. match between countries. Therefore a 
• Compile Latin American common base map (Digital Chart of the 

administrative units down to • Watershad coverage maps for Argentina, Bolivia, World at 1: 1 000 000) usad. 
third order. Brazil, Ecuador, Paraguay. Peru, and Mexico 

recalvad. River network for each country extracted • Maps of countries (at left) now digitized and 
• Oigitize potential agricultural and catchment boundaries adjusted lo conform wilh filled lo common base map. 

yields and ecological factors. !his coverage. 
• Fully documented administrative unit files 

• Administrative unit source maps from each country available on request and will saon be 
obtained. available through the World Wide Web 

(WWW) from the CGIARIGlobal Resource 
Inventory Database (GRID) of the UNEP 
server in Arendal, Norway. 

-
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--------

Central America Soils and T errain • SOTER map of Central America compiled from • We carefully correlated all soil series lo lhe 
Coverage (SOTER). Mareh lo July 1996, under contrael for ISRIC. FAO classiftcation. Thus, Ihis map will 

adequately complement the present FAO 
1:5 000 000 soil map 01 the world. 

I 

OUTPUT2 
LANO-USE PATTERNS ANO TliEIR SPATIAL OISTRIBUTION CLASSIFIEO, OOCUMENTEO, ANO CORRELATEO WITH ENVIRONMENTAL ANO 

SOCIOECONOMIC DATA 

---------

ACTIVITIES ACCOMPLlSHMENTS HIGHLlGHTS 

2.1 Characterizing and Mapping Land-Use Pattems in HiIIsldes, Forest Marglns, and $avannas 

Brazil: Characterizing and • Data colleeted in Acre and Rondonia analyzed, • Biodiversity loss due lo siash-and-bum is 
Quantifying Land Use and considerable but reversible, as long as 
Deforestation • Landsal TM images acquired and analyzed for two significan! primary forest remains and 

contrasting regions 01 Brazilian Cerrados and land- secondary forest is allowed lo regrow, This is 
use maps derived, nol granled by massive eonversion to 

pastures. 

Peru: 
• LandSat TM image (1993) obtained and used in • Deforestalion continues at high rates in Ihe 

analysis 01 deforestation rates and patterns. colonies studied. Forces driving 
deforestation inelude policies relatad to road 
construction, colonization, cattle ranching, 
formation 01 large haciendas, and timbar 
exploitation, 

• Factors such as terrorism and coca 
production in Pucallpa appear lo afteel land 
useS. 
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mentlng Digital Maps of Land Use, Environmental Degradation, and Poverty tor Latin Ameriea 2.2 Imple 

Popula 
and Ag 

----------- --------- ----------

Jn Data tor Natural Resource • Discussíons with ECLAC regardíng Iheír • Latín America Dala sampler being prepared 
¡cultural Developrnent collaboralion io processing poverty dala tor Latín lo be díslributed as a CDROM wilh GIS 

America are well under way. software included. 

• Populatioo data far Mexíco, Argentina, Chile, 
Bolivia, Ecuador, and Guyana collected. Data being • New collected data complement already 
organized down lo third-Ievel administrative unit acquired data for rest of countries. 

Land De gradalion Survey: • Bibliography of land degradation ín Latín Amenea • Bibliography holds over 150 references. 
developed. "Gray" literature was carefully screened. 

• Land degradation mailing lisl developed. • Mailing list database now conlains over 500 
addresses for experts throughoul Latín 

• Call for participation in survey broadcasted in America. 
November. 

• LMU (Glenn Hyman) moderates Internet 
• Land degradation survey questionnaire under discussion on Ihe use of GIS and Remole 

developrnent Sensing for Ihe study of natural resource 
degradation, 

• Survey will ask experts lo assess the nature 
of land degradation problems and Iheir 
geographic extension, 

• The land degradation survey and maps will 
be the masl comprehensive of their kind for 
Latin America 
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Latin American Crop Density • List 01 contac! persons developed tor each Latin • Over 40% of !he tabular crop data have 
Mapping: American counlry. been linked to third-Ievel administrative 

division maps in a vector GIS. 
• Mos! recen! crop distribution data at Ihe finest 

available geographic resolution collected for the 20 
mainland Latin American countries. 

2.3 Performing Quantitative Analysis of Potential Sustainable Land Use for the Ecoreglon 

Presentation made al Ihe Conlerenee Integración Comparing potential agricultura1 yields wilh net 
Fluvial de Sur America (IFSA). aboveground primary productivily suggest Ihal. 

in principal. tropical and subtropica1 savannas 
Paper lo be published in IFSA proeeedings. and grasslands are Ihe ecosystems with a 

higher comparative advantage for agriculture. 
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OUTPUT3 
DETERMINANTS, DYNAMICS, AND IMPACTS OF LAND USE IN LATIN AMERICA CHARACTERIZED AND STRATEGIC OPTIONS ASSESSED 

ACTIVITIES ACCOMPLISHMENTS HIGHLlGHTS 

3.1 Developing a HolIstle Framework for Understanding Land-Use Dynamies in Uitln America 

Peru • Peruvian researcher recruited. • Intemal electronic database available to all 
researchers on Pucallpa. 

• Bibliographic search completed. 

3.2 Analyzing Historieal Uind-Use Changes 

Peru (PucallpaJ • Data collected added to previous inlormation and 
analyzed preliminarily. 

3.3 Identlfying Major Ecological and Socioeconomic Determinants of Land Use and Farmer Decision Making 

• Analysis 01 dynamics 01 the agricultural Irontier and of • Identified key elements 01 lavorable polieies and 
future land use in the Amazon and the savannas of Brazil technologies. 
made based on land simulation models and economic and 
ecotogical considerations. 

3.4 Assesslng Ecologlcallmpacts of Land Use 
.. 

Assessíng Ecologicallmpacts 01 Land • GIS and remote sensing elements 01 study undertaken. 
Conversion in Pucallpa and lhe Llanos 

• Watershed visited in August 1996. • Preliminary assessment of waler balances will be 
ready by December 1996. 

• Partial data required lor modelling already available. 

3.5 Developlng Explanatory Slmulation Modela of Land-Use Dynamics 

• Computer programmer recruited. • Draft simulation modelling 01 larm-Ievelland use 
dynamics is underway. 

• Simulaban language "M" implemented aOO demonslratíon 
gíven lo interesled CIAT senior 5taft. • "M" ís now fully operational, allowing users with no 

programming expertise lo construct complex 
simulation models. 
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3.6 Idenlifying and Assesslng Strategies and Policy Opllons for Sustalnable Agroecosyslem Management 

Continue research in scenario • A global scenario draft document produced. • The range of quairtatívely different global futures 
methodology ís much wider than commonly antícipated; a 

"conventlonal development scenario" is unlikely 
lo materialize. 

OUTPUT4 
POLlCY·RELEVANT ENVIRONMENTAL AND SUSTAINABlLlTY INDICATORS DEFINED AND REPORTED 

ACTIVITiES ACCOMPUSHMENTS HIGHUGHTS 

4.1 Promoting a Network of Regional and Nationallnstitulions that Develop or Demand Indicators 
----

The Networ!<: • Twenty eight regional institutions and govemmental olfices • Agreements with five inslnutions (national and 
contacled and consulted. regional) established. 

• Define networ!< mechanisms 
• Roster of institutions and experts who produce I use data • Raster will be periodically updated. 

• Identify institubons and indicators developed and distlibuted broadly (150 
copies). • World Wide Web homepage developed in order lo 

• Produce documenl promote networking and disseminate project 
activities. 

4.2 Developing a Conceptual Framework in Consultation with !he Network 

Finalizing bhe Conceptual Framework • Malyiical framework developed. • Analytical framework was presented at the 
regional workshop on "Use and Developmenl of 

• Framework background paper submitted lo selected Environmental and Suslainabii~y Indicators" 
inslitutions for input. (Mexíco, February 1996). 

4,3 Defining a Set of Environmental and Sustainability Indicators al Fleld Level 

Creating and Improving Databases • Assessment of environmental, social, and economic data • At leasl 14 leading regional and international 
through Regional Collaboration availability al Ihe regional level underway. environmental instuutions already contactad. 

• Extensive survey of existing environmental dala, 
databases, and digital maps at Ihe national level 
perfanned in Colombia, Venezuela, Mexico, Cosla Rica, 
Santa Lucia (Caribbean), Chile, Argentina, Brazil, Peru, 

----L-
Uruguay, and Paraguay. 

---_.-
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Researcn Indicator Theoretical Basís • A paper on the theor¡ 01 envíronmental and sustainabílity 
índicators (Gallopin 1966) was accepled lor publicalíon. 

• Non-numerícal índicalors can be as rígorous as nume<ical 
ones, and pertorro belle< in many situalíons. • Results presented at \he Intemalional Meeting on 

Environmentallndicators organized by the 

· The paper discusses the concept 01 situatlonal indicalors Sdentific Commillee lar Problema 01 \he 
as \he simpleSI true indicalors 01 suslainability. Environment (SCOPE). Contríbutions will appear 

in publíshed book, 

4.4 Oeveloping Digital Maps 01 Envíronmental and Socloeconomic Indicalors for Latln Ameriea 
" ~~~~~ 

• Set 01 100 indícators defined in consultatlon with regional 
and natíonal instíMions. 

• Digital maps fur 85 indicators produced. 

4.5 Testing Selected Agroecosystem Indicators al Field Level 
-------

Developíng Indicators al Nalionallevel • Agreemenl 01 technícal cooperation signed between CIAT • Analytical framework fur monrtoring the 
(Colombia) and Colombia's National Planníng Office (DNP). management 01 nalural resources and the 

envíronmenl ín Colombia presented to the 
Ministry 01 Envíronment lO assess its use. 

Oeveloping Indicators al locallevel • Agreement lor technical cooperation signed between 
(Risaralda, Colombia) CIA T and the Regional Autonomous Corporalion of 

Rísaralda (CAROER-Mínistry ollha Envíronment 01 
Colombia). 

Invesligating Soil Carbon as Indicalor • Soil samples ollhe Forages Program in Carimagua. the • Partíal, preliminary results suggest that improved 
Tropical Lowlands Program in Primavera. and the pastures in savannas do nol increase 50il organic 
ca",ava soí! conservation project in Santander de matter. 
G hao and Mondomo (Colombian siles) were 
analizad. 

""" ~~~ 
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TABLE 11. LMU COLLABORA TIVE ACTlVITY SUMMARY 

P5 

IMPROVING BEAN PRODUCTIVITY IN LATIN AMERICA ANO THE CARIBBEAN THROUGH GENE POOL DEVELOPMENT ANO 
REGIONAL NETWORKS 

r~ ~ 

BACKGROUND ACCOMPLlSHMENTS HIGHLlGHTS 

CIATs Bean Program collaborates with Ihe Natíonal • Farmer inlerviews and farm visils used lo 
Agricultural Research Systems (NARS) of Ihe understand land use and crop management 
Andean region Ihrough partícipation in Ihe Proyecto practices. 
de Frijol para la Zona Andina (PROFRIZA). The 
LMU i5 helping with a pilol project al El Inca in • GIS used lo creare land-use-by-slope dala base 
Ecuador where soil erosion was thought lo be a lo better understand water run-oll pattems. 
major problem. We were inleresled in measuring 
Ihe posmon of runoll channels. 

Wilhin PROFRIZA and with a local NGO. Ihe LMU • Orthopholos crealed from a series of DEMs • Research on bean biodiversity leading lo 
i5 also conducting research on bean biodiversity made of Ihe area participalory in silu conservation in Ihis 
and inilialin9 participatory in situ conservalion in Ihe area. 
Namora area of Ihe Cajamarca Valley of Peru. 
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P6 
IMPROVING ANO SUSTAINING COMMON BEAN PRODUCTlVITY IN LA TlN AMERICA AND THE CARIBBEAN BY DEPLOYING IMPROVED GENE 

POOLS AND BY SUPPORTING REGIONAL NETWORKS IN APPLIED RESEARCH 

BACKGROUND ACCOMPLlSHMENTS HIGHLlGHTS 

Small-scale maíze-and-bean farmers in the • Great effort in 1996 spent in developing ao • Successfully multiplied seed characterized 
Cajamarca Valley 01 Peru sow a high number 01 experimental approach lo community • based in September will be sown in December 
moslly farmer -selected traditional beao cultivars. participatory cultivar conservation. 1996 by interested farmer groups who 
Diversity 01 cultivars is an important rneans for take part in the participatory, in situ, 
farmers to maintain food security. This díversity can • Initial collection 01 about 275 bean cultivars conservalion research. 
also assist germplasm search lor resistance lo catalogued by photograph and number. 
diseases, pests, and abiotic stresses. • Individual larmers will retain hall Ihe 

• Sorne 1000 entríes of farmers' seed sown in resulting seed. The remainder will be 
December 1995, to mulliply seed, determine made available lo other larmers in !he 
duplicales, and record agronomic community via exchanges in kind. 
characleristics. 

• The DEM will iIIuminate and quantify land 

• Research site surveyed to develop a digital use pattems, detail areas degraded or 
elevalion model (DEM). under erosion risk, and help in the land-

use planning and soil conservation efforts 
olour partners and local farmers. 

P7 
IMPROVING AND SUSTAINING COMMON BEAN PRODUCTIVITY IN SUB-SAHARAN AFRICA BY DEPLOYING IMPROVEO GENE POOLS, 

DEVELOPING IMPROVED CROPPING SYSTEMS, ANO BY SUPPORTING REGIONAL NETWORKS IN APPLlED RESEARCH 

BACKGROUND ACCOMPLlSHMENTS HIGHLIGHTS 

Research with -among others- Ethiopia's Institute • Research accomplished and a paper prepared • Some groups of resaurce-poor larmers in 
of Agricultural Research (lAR) al Nazret, and with and accepted lor publicatíon (Fujisaka, 1997). risky environrnents have developed 
Ecuador's Instituto Nacional de Investigaciones saund, rational problem-solving practices. 
Agropecuarias (INIAP) conducted in 1994 and 1995 In such cases, agricultural research may 
(and reported on lasl year) led to questioning il lead to recommendations that are only 
research is a help or hindrance to efficient farmers equal to or even inferior to farmers' 

I 
in high-risk systems. practices. 
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P 10 

UTILIZATION OF TROPICAL GRASSESAND LEGUMES IN PRODUCTION SYSTEMS 
--------

BACKGROUND ACCOMPLISHMENTS HIGHLlGHTS 

The land-use dynamics characlerization research in • Farmer inlerviews established main conslraint as • The project organized and held al CIAT 
Pucallpa, Peru was also conducted wilh a goal 01 lack 01 leed resources in the dry season. Ihe workshop "Taller sobre Metodologias 
understanding Ihe current dual purpose livestock para Invesligacion en Fincas con 
systems in !he area, to help research planning. • Preliminary results from Pucallpa combined and Sistemas de Produccion Animal de Doble 

compared to similar data Irom Brazíl, Results Proposito". 
and methods presented in workshop. 

• 

P14 

UNDERSTANDING GENETIC DIVERSITY FOR IMPROVED CONSERVATlON ANO USE OF GENETlC RESOURCES 
------- ---

BACKGROUND ACCOMPLlSHMENTS HIGHLlGHTS 

The LM. 'S involvemenl in mapping germplasm and • Original paper delineatlng germplasm mapping • GIS-supported combination ollocation 
biodiversily goes back lo 1994, when Dr. Nick methods (Jones el al., 1996) accepted tor dala from germplasm I herbaria 
Galwey visited CIA 1. We investigated Ihe possibilily publication. collections to CIATs climate database for 
01 mapping the distribution 01 wild Phaseolus Latin America, allows predicting sites 
vulgaris (the comman bean) , We developed a • Mapping techniques applied lo the sludy 01 where wild relatives of valuable species 
numbar 01 useful tachniques for ralating germplasm Sly/osan/hes (a tropical forage legume) and are likely to be tound. 
and herbarium collection data lo CIATs climale Maniho/ (cassava). also lo a major pest of 
database. cassava and olher crops, • Further variables such as soil 

characteristics and human disturbance will 
be incorporated in future sludies. 

The technique holds considerable promise in 
identifying key areas for in situ conservalion. 

22 



P 20 
COMMUNITY MANAGEMENT OF WATERSHED RESOURC!=S IN HILLSIDE AGRICUL TURE 

BACKGROUND ACCOMPLISHMENTS HIGHLlGHTS 

To selVe as a background lor the sUlVey and fieldwork • Accuracy 01 DEM-derived altitude and slope values • Established model type suitable lor HiIIsides 
associated with area work 01 the HiIIsides Program study evaluated. Programo 
in Honduras, a complete agroecological classification 01 
the country is underway. The process requires an • Users provided with an awareness 01 the level 
accurate Digital Elevation Model (DEM), a coverage 01 01 accuracy they can expect 01 a DEM. 
interpolated climate data related to the DEM, a coverage • Collaborated with Leicester Environmental Remote 
01 soils data related to a reliable soils map, and a Sensing Unit (LERSU) to investigate implementation • Sorne accuracy figures now available on 
coverage 01 agricultural and population census data 01 land-cover mapping in the Andean tropical hillsides remote-sensing imagery. 
related to a map 01 administrative areas and census using satellite remotely sensed imagery. 
tracts. 

• GIS with extensive database created lor Honduras at · A provisional interface organized where non-
nationallevel. expert GIS users can use the inlormation to 

perform simple statistics and spatial analysis 
operations. 

• Spot heights, contour lines, and stream lines lrom the • A final classification map should be available 
Honduras 1 :500000 topographic map digitized. DEM in early 1997. 
filled to the data. 

• A user-Iriendly software package could be 
• Complete coverages of soil depth, cation exchange constructed, to enable this type 01 analysis to 

capacity (CEC), organic maller (OM), pH, slope, be undertaken more Irequently. Meanwhile, 
drainage, and permeabilily constructed. we continue to gain experience with the 

technique, aiming at identifying error trapping 
• AII stations Irom the CIAT Climate database within 1 methods. In this way we will gradually be able 

degree (about 110 km) ofthe Honduras boundary to supply a product with a potential lor 
extracted. widespread use. 

• A lew critical variables from the Honduran Censo 
Agropecuario 1994 incorporated. 
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,- -----

T o date, mosl of the work using GIS and Remote • A preliminary classificatíon produced. 
Sensíng has focussed on Honduras. We have now 
bagun land-cover mappíng in !he Nicaraguan hillsides. 

I 

LAND MANAGEMENT - CASSAVA PROGRAM COOPERATIVE SUB-PROJECT CASSAVA ENVIRONMENTAL CLASSIFICATION 
-----

BACKGROUND ACCOMPLlSHMENTS HIGHLIGHTS 

• For many years Ihe Agroecological Studies Uni! (now • With CIAT scienlísts' participalion, a simplified • We found that a larga proportion 01 Afocan 
lMU) produced relalively complex environmenlal environmental classificalion for cassava produced. cassava, but hltle latin American cassava, is 
classificalions for!he major CIA T commodities. One grown on acíd soHs. This points lowards a 
of Ihese was initially produced for cassava in 1986. In • Simplified classification maps for latín America and relh,nking 01 our breeding eftorts in cassava: 
June 1996, lhe Cassava Program approached Ihe for Africa produced, and besl cassava production liTA might place greater emphasís on acid 
LMU lo resolve a seeming discrepancy between CIAT estímates superimposed. . lands, drawing on CIA 1's expertise in 
and liTA classifications. breeding for lhe Latin American acid lands. 

CIAT I CIP I Unlversity of Kassel Project 
DEVELOPMENT OF A GEOGRAPHIC INFORMA TION SYSTEM COVERAGE FOR NATURAL RESOURCE MANAGEMENT IN THE ANDES 

BACKGROUND ACCOMPLlSHMENTS HIGHLlGHTS 

The high casI of collecting soil altribule data has created • A lopographical datasel oblained and being checked. • The dalaset is a DEM from lhe Eros Dala 
a need for melhods of infernng soil characleristics using Climale data will shortly be inlerpolaled lo il. Cenler al Síoux Falls wílh a prectsion of aboul 
available secondary dala and exisling Iheory on soil 1 km. 
genesis, where climate plays an importa nI parto o A pilol study sile selected and geographic 
However, because of !he accidented lerrain of lhe coordinales measured in Ihe field wilh a Global • The pilol sludy area is lacaled in Ihe HiIIsides 
Andean region, markedly difterent climales ara oflen Posilioning Syslem (GPS). Program activily sne in SoUlhem Colombia's 
found in clase proximily in relanvely smal! areas. Cordillera Cenlra!. Thus, the geographic 
Inlerpolated climale files presently available from CIA T • A digilallerrain analysis realized lo gel contour línes, analysis will have immediate application and 
database have a preeísion of only aboul18 km. To slope. aspecto range, profile, and plan curvature. feedback from oogoiog applied research. 
lesolve lhe full climalic ranga of Ihe region, a datasel 
with much higher precision is needed. • Land use assessed by aerial pholo interprelalion. 

i --- ._-_._ ...... _--- , 
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-----

COLLABORATlVE IRRI-MYANMAR PROJECT 
COMMUNITY·BASED NATURAL RESOURCE MANAGEMENT 

--------- ----------

BACKGROUND ACCOMPLlSHMENTS HIGHLlGHTS 

The LMU is collaboraling with IRRI lo prepare Ihis • Farmers inlerviewed using rapid rural appraisal • Based on published results 01 fieldwork, fue 
research proposa!. Fieldwork and proposal preparation approach, Intemational Developmen! Research Center 
served lo emphasize that moving lorm farming syslems (lDRC) approved funding for !he IRRI project, 
research lo communily-based, natural research • Participatory research activities also undergone. 
management research impies sorne nsedad and useful 
modifications in research approach. • An oulline 01 research activities proposad. 
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LAND MANAGEMENT UNIT FACTS 

This section offers orientation on the nature and evolution of CIAT's Land Management 
Unit 

Historiesl Background 

Keeping pace with this decade's integrated view of agricultural production as the 
interplay ot human societies and the environment, CIAT launched in 1991 a new 
strategic plan for the 1990s, announcing a greater research effort on natural resource 
management and the environment This new effort was devised to impulse the 
significance ot CIA T's tradition in tropical germplasm development into the 21 st Century. 

The strategy included the creation of tour new programs on Forest Margins, HiIIsides, 
Savannas, and Land Use. The latter incorporated the former Agroecological Studies 
Unít (created in 1989), including CIAT's GIS facilíty, the leader among the CGIAR 
institutes. In 1994, as an outcome of a new Action Framework approved by the Board of 
Trustees, the Land Use Program became the Land Management Scientific Resources 
Group. Finally, this year, the Group tumed into the Land Management Unit (LMU). 

Goal of the LMU 

To improve the management of land resources in tropical Latin America, so that it 
happens in a sustainable way, and to protect and enhance the environmental base for 
development. 

Clients and Services 

The main clients of the LMU are policy makers at the national and regionallevels, as 
well as national-Ievel agricultural research and development organizatíons (NARDs) 
throughout tropical Latín America. Also, the LMU actively collaborates with partner 
programs at CIAT and CGIAR. 

Current LMU's services include, among others: GIS-supported assessment of the status 
and diversity of renewable natural resources (including CIAT commodities), modelling of 
land-use trends and impacts, prediction of outcomes from renewable natural resource 
policíes, and development of socioeconomic and environmental indícators tor the 
planníng and monitoring of sustainable land use. Concomitantly, LMU's staff takes 
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active part in a number of international endeavors for the development of the theory and 
practice of sustainable land use. 

LMU's Approach 

In terms of strategic natural resources, tropical Latín America contains the world's 
largest specíes richness, tropical forest cover, and fresh water supply. At the same time, 
the region features one of the most rapidly changing agricultural frontiers in the planet. 

While fast socioeconomic development is undoubtedly needed, the only guaranty tor 
lasting development in tropical Latín America líes in the sound use of its natural resource 
base: Latin America's wealth in biological diversíty. It is a cause ot seríous concern that 
most of thís century's land use ín tropical Latin America has led to severe losses in the 
regíon's natural capital. 

Withín this context, LMU intends to understand the socioeconomic and environmental 
determinants and ímpacts of land management, monitor and predict land use changes, 
and assess their implications for technology development and diffusion. The scales 
involved focus on the farm, the landscape, and the region. A few selected LMU 
activities (such as the tropical climate database) have a global scope. LMU shares 
CIAT's emphasis on tropical Latin America's savanna, hillside, and forest margin 
agroecosystems. 

Land use results of a complex, dynamic system of linkages between humans and 
nature, between humans at different levels of decision and in different moments in 
history, and between the components of nature themselves, from genes to ecosystems. 
No exclusive method or disciplinary approach can deal with such complexity and 
transform it tor good. As the Green Revolution has taught us, partíal solutions, focused 
on arbitrary subsets of the land management complex, face serious faílure in the long
termo Thus, LMU's approach privileges the interdiscíplinary integratíon of ínformation at 
different scales in time and space. 

Rather than defining policy, the Unit's endeavor consists in the identificatíon of 
mechanisms and entry poínts tor effective action and policy. Within this context, five 
research themes (RT) and two research-support themes (RST) have been identified and 
devised to better serve CIAT and the world's tropical agriculture community. They are 
(see Diagram 1): 
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RT1 

GIS.SUPPORTED TOOlS FOR INFORMED DEOSIONS 
ON SUSTAINABlE lAND USE TECHNOlOG'I' AND POllC'l' 

RT5 
Analysís of L3"d Use 

Patterns at Different Scales 
Genetic & Environmental 

Diversity 

RT2 
Understanding & Prediction 

of Land Use T rends 

fill 
Opportunities 

8. Constral nrs 

RT4 
Development of Indicators 
for Sustainable Land Use 

RST1 -- Strengthening of GIS Lab Facílity 

RST2 __ Enhancement & Updating of Digital Map and Database Collectíon 

Oiagram 1. LMU's Research Themes (RT), Research Support Themes (RST), and 
main outputs. 
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RT1. Analysis of existing tropicalland use patterns at local. regional. continental. 
and global scales. 

RT2. Understanding and prediction of trends in land use. 

RT3. Identification of environmental opportunities and constraints. 

RT4. Development of indícators of sustainable land use. 

RT5. Genetic diversity and environment characterization 

RST1. Strengthening of CIA T's GIS laboratory facility. 

RST2. Maintenance and updating of the existíng digital maps and databases. 

Currently. LMU's main outputs are in the form of organized and analyzed data. as well 
as structured indicators and predictors. whích are made available to policy makers and 
to the technology-generatíng community (such as CIAT itself). both at the national and 
ínternational level. 

An interdisciplinary, holistic understanding of the agricultural aspects of tropícalland 
management cannot come out of isolated work. Thus. LMU is also actively engaged in 
the enhancement of collaboratíon with other CIAT and CGIAR initiatives, and in the 
development of meaningful partnerships throughout the world (see Diagram 2). 
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CGIAR Partner Institutions 

Governmental 

LAND 
MANAGEMENT 

UNIT 

National Agricultural 
and Environmental 

Institutions 

Diagram 2. LMU's cooperation universe. 

Tropical 
Lowlands 

International Agricultural 
and Environmental 

Institutions 

Enterprises 
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Organizational Strategy 

In order to accomplish its commitments and take better advantage 01 its resources, the 
LMU has adopted a five-objective organizational strategy: 

1. To build upon the original capacity in spatial analysis and agriculturalland use; 

2. To gradually move from an emphasis on service to an emphasis in proactive 
cooperation both within and out of CIAT, by generating specific projects; 

3. To gradually broaden LMU's original scope, íntegrating ecologícal and socio
economic approaches, as well as new tools and capacíty for ínter-sectoral analysis 
and modelling; 

4. To actively search sources of external funding for the consolidation of research 
priorities and new projects; and 

5. To develop a dynamic network with a broad scope of scientific and policy 
institutions (governmental, academic, NGOs) working on sustainable land use. 

Achievements 

So me of the most significant achievements of the Land Management Unit to date are: 

1. Definítíon of C/A T's prlority agroecosystems. A GIS-supported analysis of regional 
ínter-sectoral variables was balanced against CIAT commodity priorities to help the 
decision. 

2. Digital coverage of Latin American protected areas. We found that montane 
rainforest, dry tropical forest, highlands, savannas and traditional agriculturallands 
have diminishing undisturbed areas; their ecosystems are under-represented within 
protected areas. 

3. Digital updatable map of land use and resource degradation ín Latín America. We 
are building what will probably be the most detailed and up-to-date socio-ecological 
map of the region; a powerful research and decision tool. 

4. Participatory proposal for the sustainable use of savannas. The project proposal 
"Strategíes tor Sustaínable Agricultural Land Use in the Lowland Savannas 01 South 
America" was developed with direct input from a wealth of Latin American GOs and 
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NGOs from Venezuela, Colomoía, Brazil and Bolivia, as well as several 
international agricultural research institutions. 

5. Deve/opment of rainfa/I prediction mode/s. These models are essential for 
agricultura! risk assessment. They have been used in Burkina Faso and interfaced 
to FAO's Famine Early Warning System. 

6. Deve/opment of land quality indicators (LO/s). LMU joined CIMMYT, GASE (an 
environmental NGO), and thl;! World Bank in the wide discussion and preparation of 
a methodological document and specific project proposals for the use of LQls in 
tropical Latín America. 

7. World trade in plant nutrients. We concluded that developing countries (particularly 
famíne-ridden Afríca) in many cases export to the developed wor!d more major plant 
nutrients than they importo 

8. Location of major crop wild relat/ves. A powerful technique developed by LMU 
allows the predictíon of sites where genetically-rich wild relatives of major 
commodities can be found. 
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LMU'S RESEARCH STRA TEGY 

In order to advance CIA rs strategic commitment to natural resource research in the 
1990s, at least two conditions must be met: (1) a broad, permanent discussion of views 
and approaches to natural resource research, and how they apply to the tropical 
agriculture context; and (2) a project-oriented application and evaluation of specific 
approaches within CIAT, which wiU provide specific data upon which decisions can be 
made, simultaneously contributing to build CIArs expertise in this relatively new area. 

In consequence, in this section we offer an overall víew of the conceptual and operative 
strategy that organizes LMU. Thís strategy intends to efficiently blend our analysis of 
the hottest land use problems in tropical Latín Ameríca, a multi-component approach to 
research, and LMU's comparative advantages in terms of expertise. links and facilities. 
A simple diagram ofthe strategy identification process is offered below. 

Sustainable Land Use 
Problems 

1 1 
Requirements ® Opportuniti es 

(Limitations) (Comparative Advantages) 

I I 
! ! 

Research Strategy 

E Research ~emes 
Research Support Themes 

Diagram 3. Graphic representation of LMU's research strategy 
identification process. 
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The Problems 

Three main groups of problems are faced for the development ot guidelines tor 
sustainable land use policy and technology in tropical Latin America. They are: 

The time-horizons problem 

First, rapid economic changes, structural adjustment, and other regional processes are 
causing a collapse in the time-horizons of the development policies in Latin America. 
This conspires against the careful consideration of the ecological costs of development; 
costs that reach their peak in the medium and long term, and often doom governmental 
initiatives in the region. Many of the present patterns of land use in tropical America are 
destroying the ecological base for development at accelerated rates, and at the same 
time generating gross economic inefficiencies and acute social problems, as the drug
traffic boom, the increase in rural-immigrant shanty-town gang violence, and a brand 
new wave of guerrilla movements demonstrate. 

The scalelcomplexity problem 

Second, the patterns of land use are influenced by many factors operating at different 
scales. These factors often interlink across scales in non-obvious ways. For instance, 
an Amazonian colonist's decision of land allocation between alternative annual crops 
may be simultaneously influenced by soll fertility (a site specific phenomenon), 
availability of labor (a local phenomenon influenced by national and regional 
socioeconomic processes), and the national currency exchange rate (a complex output 
of national and regional macroeconomic processes and policíes). In the example, the 
three sets of factors are not only different in their spatial dimension, but also in their 
time dimension, from the parsimonious rates of geology to the hurried rates of modern 
human history. Scientists have coined the terms "complexity" and "hierarchy" to identify 
these multitudinous, multi-Ievel systems. 

From a dífferent angle, while knowledge about individual factors affecting the rates, 
identity and consequences of land use has been accumulating, the interactions between 
the different types offactors are much less understood. Thus, in the aboye example, 
one factor (soil fertility) is mainly ecological, but human-influenced; a second one (labor) 
is both economic and cultural, but influenced by ecological circumstances; and the third 
one (exchange rate) is both politic and macroeconomical. Attempts to change sorne 
causal factors in isolation are often ineffective or, worse, they backfire. 

The treatment of the interactions between different hierarchies and different-natured 
components in complex systems represents a difficult theoretical problem of great 
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practical importance. Hierarchy and complexity are essential to the understanding of the 
mutual interactions between the macro-Ievel processes and the local patterns of land 
use, and for the identification of guidelines to articulate "top-down" and "bottom-up" 
palicy approaches to sustainable agricultural development. 

The data problem 

A third major problem results from the sustainable land use endeavor: There is a 
scarcity of scientific data allowing the comparison of production potentials between 
sustainable land use and current productive practices. Lack of data also hinders the 
estimation of the capital needed to achieve sustainable development in the region. One 
majar factor of data scarcity is the fact that agricultural productian and yield statistics are 
usually provided according to political and administrative boundaries, bearing Iittle or no 
relatian to the ecological units determining some of the major productive apportunities 
and limitations. This situation seriously hampers the integration of ecological and 
economic considerations in the search tor sustainable production systems. 

On the other hand, the setting of policies for sustainable land use in tropical America 
requires some way of measuring, estimating and monitoring the degree to which the 
criterion of sustainability is beJng fulfilled. While so me indicators of specific conditions 
exist, no satistactory overall indicators of sustainable land use are yet available. 

The Needs 

From the aboye set of problems, we have extracted a set of research priority needs or 
requirements for the achievement of sustainable land use in the region. They impinge 
directly on CIArs miss ion, priorities and comparative advantages. A short discussion of 
them follows: 

First, an overall analysis of land use patterns in relation to environmental factors is 
necessary at a range of scales and precision. This requires building on the existing 
CIAT spatial databases and identifying further sources of data to enable a 
characterization of the region and an ability to study and map sustainabilíty issues at 
several scales. Incorporating the human factor in the analysis is critical for 
understanding land use dynamics; hence, socioeconomic data will have to be part of the 
spatial databases. 

Second, a systemic approach rather than an emphasis in isolated factors could greatly 
help to devise new kinds of interventions aimed at sustainability. Ideally, these will be 
based more in the simultaneous application of gentle actions along a whole causal 
circuit than on massive interventions upon an arbitrarily isolated factor or set of factors. 
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Third, evidence arising from studies on the behavior of complex systems suggests that 
fast and drastic structural change may happen to land use patterns, not just as a 
response to powerful external factors, but as a feature of the systems themselves. 
Then, it becomes of practical importance to know the degree to which deep structural 
changes can be anticipated and to recognize the factors or processes responsible for 
them. Situations approaching the threshold of structural changes should be treated 
specially, both in technological and policy terms. While well-managed structural 
thresholds supply opportunities of renewal and improvement, their "surprising" nature 
has often led to a permanent impoverishment of the affected system. 

Therefore, under practical terms, one major priority is to develop, apply and test a set of 
multi-Ievel indicators of sustainable land use. A holistic set is necessary, as not 
individual measurement can cope with the complexity of land use, its impacts, and 
opportunities. This requires meeting at least three conditions: (1) Different indicators 
must be developed within the context of a meaningful conceptual framework. 
Otherwise, we risk ending with a "shopping list" set of indicators, with only circumstantial 
relations between them. (2) Specific indicators must be developed and offered in a 
context immediately relevant to decision-making. In other words, they should not be 
purely descriptive or analytical, but they must offer insights on trends and on the impact 
of alternative policy scenarios. (3) We must devise efficient methods tor using and 
combining the indicators, in order to optimize their information value. As sustainability is 
a systemic property rather than a property of any single component, synthetic meta
indicators will be required. 

Fifth, the emphasis in decision-making within the context of complex dynamics calls for a 
greater development of computerized simulation models of land use. These controlled 
environments must have the ability to pre-test alternative policy scenarios and predict 
their likely outcomes. Together with the indicators, they will provide a basic but powerful 
set of inter-linked tools designed to inform applied polícy and technology research on 
land use. 

The Opportunities 

The Unit has a strong installed capacity and a number of ongoing activities related to the 
identification and description of trends in land use. GIS-supported geographical 
databases based upon field studies are available and enhancing. At LMU, GIS analysis 
has already been performed both synchronically (at different places for the same date) 
and diachronically (comparing land use in the same area through time). 

In addition to the Unit's own expertise in complex systems theory, we keep a strong 
working relationship with a number of major scientists and institutions involved in the 
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development and application of theory and methods for the understanding of 
hierarchical, complex dynamics, within the specific context of the sustainable 
management of renewable natural resources, with an emphasis in agriculture. 

CIATs history has determined an emphasis in the development of biophysical 
technology, with a lower emphasis in socio-economics. Consequently, LMU's 
professional expertise is biased toward the ecology of land use in tropical Latin America. 
However, the Unit combines senior and junior professionals from rather different 
backgrounds and disciplines, including the social sciences. Some members of the team 
have specific inter-disciplinary training. This will allow setting the basis of a holistic, 
integrated approach to the ecology and socio-economics of land use in tropical Latin 
America. 

The Strategy 

Undoubtedly, a basíc priority in LMU must be the evolution of land-use research 
methodology. Thus, methodological development is a permanent effort. In additíon, out 
of a balance between the problems of land use in Latin America, the priority research 
needs in this field, and CIATs LMU comparative advantages, five strategic research 
themes and two research-support themes have been identified for the 1990s. The basic 
underlyíng logíc connecting the different themes is represented in Diagram 4. A short 
discussion of each theme follows. 

Research themes (RTs) 

RT1. Analysis of exjsting tropicalland use patterns at local, regional, continental, and 
global sea les 

This theme concentrates on the understanding of land use patterns and their relations 
with society and nature, in terms of impacts and opportunities for the development of 
sustainable land use. GIS and remote sensor informatíon will be combined with ground 
data to determine processes and priorities. 

Important progress to date ¡neludes: (1) a GIS-supported contribution to the definition of 
the priority agroecosystems tor CIAT research; (2) a large scale characterization of 
forest margin areas in Brazil, tor the selection of focal agroecosystem study sites; (3) the 
construction of an updatable digital map on land use and degradation in Latin America. 
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This theme is beíng pursued at different levels, from the tarming system to the 
agroecosystem. This theme is the central issue of LMU's care project (P 22). The Unít 
is also contributing to this research theme through the field study of the behavior of rural 
producers in relation to land use and agricultural practicas. Simple dynamical simulation 
modeling and scenario analysis of land use in Latin America and in the tropical Lowlands 
have been already developed by the Unit. 

Important progress to date ineludes: (1) a diagnostic of agriculturalland use in the 
Southwestem Brazilian Amazon; (2) the participatory development of a collaborative 
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project proposal tor the study ot sustainable strategies of land use in the lowland 
savannas of Latin America (Bolivia, Brazil, Colombia, and Venezuela); (3) collaboration 
with the Bean Program's PROFRIZA network for participatory characterization of farmer 
production systems in Colombia, Ecuador, Peru, Venezuela, and Bolivia. 

RT3. Enyironmental opportunities and constrajnts 

Agriculturalland use in Latin America faces a number of environmental constraints such 
as acid soils, climatic constraints, steep slopes, biological hazards, etc. On the other 
hand, agricultural development could also benefit from the region's environmental 
opportunities, such as high genetic diversity, unique ecological niches tor production, 
whole-year growing season, valuable germplasm resources, etc. This theme 
concentrates in identifying and assessing the major environmental opportunities and 
constraints in the region at different scales, as well as to identify the necessary action to 
resto re environmental quality. 

RT4. Development of jndjcators of sustainable land yse 

The Unit initiated activities in this research theme by preparing an inter-institutional 
background paper on Land Ouality Indicators, and organizing an international Workshop 
at CIAT, together with the World Bank. During that workshop, an initial identification of 
LOI tor the tropical hillsides and savannas was made. Also, LMU took part in the 
organization of a CIAT-wide discussion on sustainability indicators at differení levels of 
aggregation (resulting in the identification of common interests across Programs, Units 
and Scientific Resources Groups). One PhD student is working at CIAT on indicators of 
soil sustainability for the tropicallowlands and hillsides of Latin America. Papers on the 
theoretical aspects of indicators have been prepared, and a Regional Project on 
Environmeníal and Sustainability Indicators tor Latin America and the Caribbean has 
been launched with the support of UNEP. We have a continuing involvement with the 
World Bank as partners in the Land Ouality Indicators Project (LOI). 

Important progress to date includes: (1) a CIAT-wide participatory process for the 
definition of a research strategy on indicators of sustainable agriculture; (2) the 
evaluation of soil carbon as an early indicator of land degradation in the Latin American 
hillsides and savannas; and (3) an assessment of the world trade in major plant 
nutrients (N, P, K) embodied in agricultural products and inputs. 
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RT5. Genetjc diversjty and envjronmental characterjzation 

Besides collaboration in projects in Resource Management Research, collaboration with 
projects in the Gerroplasm Division is also significant. Research on germplasm spatial 
distribution and germplasm environment mapping involves Ihe development of 
speeialized teehniques. The coexislence in Ihe same institution of expertise in GIS and 
in germplasm research gives CIAT the unique opportunity to apply advanced techniques 
of GIS and environmenlal classification to Ihe characlerization and maintenance of 
genelic diversity. 

Important progress to date includes: (1) the environmental classification of CIAT 
commodities; and (2) the development of predictive methods tor the identification of 
sites with potential as sources ofwild relatives of CIAT's commodities. 

Research-supporl themes (RSTs) 

RST1. Strengthening of the GIS laboratory facjlity 

The GIS Lab has reached a satisfactory state, being well equipped in terros of hardware 
and software to perform the current and planned activities. Maintaining a core of local 
staff adept at using these tools is paramount. 

RST2. Maintenance and updatina of the existina digital maos and databases 

Mainteoaoce and updating of digital maps and databases is going oo. Purchase of 
specialized software (Splus aod Neural Nets) and dedicated high-speed workstations is 
being planned. The possibility of local area parallel processing using machines already 
in the network is a tantalizing prospecto 

Research Prospects 

RT1 Analysis of existing tropicalland use patterns at local, regional, continental, and 
global scales 

We toresee an expansion of Ihe current studíes, to cover also Ihe eeoregíonallevel. 
This involves the accomplishment of ongoíng or already approved projects and 
initiatives, su eh as (1) the production otthe digital map of land use, resource 
degradatíon, poverty and ecology tor Latin America; (2) the proposed cooperatíon with 
Bolivia, Brazil, Colombia, Venezuela and the Netherlands within Ihe SSALLSSA 
(Strategies for Ihe Sustainable Agricultural Land Use in the Lowland Savannas of South 
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Ameriea) project; (3) the possible installation at CIAT ofthe Duteh IMAGE 2.0 
elimate/land use model; and (4) the enhaneement of cooperation with UNEP within the 
region. 

RT2 Understanding and prediction of trends in land use 

Four perspectives of progress relate to this research theme. First, we want to develop 
the Unit's capacity to buíld up and use GIS-supported non linear computer land-use 
simulatíon models with the ability to inelude biophysical, technological, socio-economic, 
and policy factors. These models should be used as tools for understanding and 
anticipating land use trends and for assessing possible policy options. Second, we shall 
deepen our exploration of the applicative value of complex systems theories to 
agroecosystem dynamics. Also, we shall explore the utílity of the concept of 
agroecosystem health for agricultural research planning. Third, we shall study the role 
of cross-scale interactions in land use dynamics. Finally, we shall focus on the 
development of methodologies in land-use scenarío analysis at the regional and 
nationallevels, with the expected continuing cooperation of the UNEP-GEO project. 

RT3 Environmental opportunities and constraints 

Analysis of existing data and performance of research specific to this theme was 
initiated very recently, in relation to the development of LMU's project P 22. 

RT4 Development of indicators of sustainable land use 

A Regional Project on sustainabilíty indicators will foster a wide participatory networ!< 
including national and regional organizations and experts. The project will al so develop 
a regional methodological framewor!<, enhance national and regional capacity to 
generate and use environmental sustainability information, catalyze exchanges between 
producers and users of sustainability indicators, and produce a bi-annual report on the 
state and progress of sustainable development in Latin America and the Caribbean. 
This will represent a major step forward in our endeavor. At a more theoreticallevel, the 
envisaged activities in relation to complex systems could suggest new systemic 
indicators of sustainable use. 

RT5 Genetic diversity and environmental characterization 

We will develop additional databases to inelude germplasm and its environment, and to 
develop user-friendly methods for interfacing genetic diversity and spatial information. 
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This particular CIAT-core prospect (but al so the expressed above), leads directly to the 
permanent necessity of securing the funds for maintaining and documenting the 
progress of CIATs GIS facility, whose healthy functioning requires significant human 
and financial resources. 
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COOPERATING PROGRAMS ANO INSTITUTIONS 1995-1996 

CIAT-
Bean Program 
Cassava Program 
Hillsides Program 
Tropical Lowlands Program 

ASPADERUC - Asociacion para el Desarrollo Rural de Cajamarca (Peru) 

CCAD - Central American Commíssion on Environment and Development (Guatemala) 

CARDER - Corporacion Aulonoma Regional del Risaralda (Colombia) 

Centre for Environmeniallnformation and Statistics, Ministry of the Environment (Venezuela) 

Colegio Verde de Villa de Leyva (NGO, Colombia) 

CSIRO - Commonwealth ScíentiflC and Industrial Research Organisation (Australia) 

DNP - Departamento Nacional de Planeacion (Colombia) 

ECLAC - Economic Commission for Latin America and the Caribbean 

EMBRAPA - Brazilian Agricultural Research Enterprise (Brazil) 

GRID-ARENDAL - Global Resource Information Database (Norway) 

Hohenheim Universily, Stuttgart (Germany) 

lAR - Instilute of Agricultural Research (Ethiopia) 

IGBP (International Geosphere-Bíosphere Programme)/HDP(Human Dimensions of Global Environmental 
Change Programme) Land-useiCover Change joln! projec! (LUCe), and IGBP/DIS solls database. 

IICA - Interamerlcan Instltute fer Agriculture Cooperation / GTZ Project (Costa Rica) 

ICRAF - International Centre fer Research in Agroforestry 

ICRISAT -International Crops Research Institule for the Semi-Arid Tropics (India) 

IDEAM - Instltute of Environmental Studies, Ministry of the Environment (Colombia) 

IFPRI - Intemational Food Policy Research Institute 

IGAC - Instituto Geográfico "Agustín Codazzi" (Colombia) 

ILRI - International Uvestock Research lostl!u!e 
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Instituto Ilalo-Latino Americano (Italy) 

INEGI - Nationallnstitute of Statistics, Geography and Informatics (Mexico) 

Instituto Nacional de Estadistica e Informatica (Peru) 

INIA - Instituto Nacional de Investigacion Agraria (Peru) 

INIAP - Instituto Nacional de Investigaciones Agropecuarias (Ecuador) 

INPE - Instituto Nacional de Pesquisas Espaeiais (Brazil) 

IDRC - International Oevelopment Research Centre (Canada) 

IRRI - International Rice Research Institute (Philippines) 

IIASA - Internationallnstitute for Applied Systems Analysis (Austria) 

Ministerio de Bienestar Social (Ecuador) 

Ministerio del Medio Ambiente (Colombia) 

Minislry 01 !he Environment and Legal Amazonia (Brazil) 

Ministry 01 Seience, Technology and the Environment (Cuba) 

Myanmar Agricultural Serviee 

UNOP/CONARElDefensoria del Pueblo Project on Human Sustainable Oevelopment (Costa Rica) 

Nationallnstitute 01 Ecology (Mexieo) 

National Geophysical Data Centre (USA) 

PALMAVEN, Maracay (Venezuela) 

RIVM - Outch Nationallnstitute 01 Publíe Health and Envíronmental Protectíon (Netherlands) 

Royal Botanie Gardens, Kew (England) 

SEMARNAP - Natíonal Secretary on Environment, Natural Resources and Fisheries (Mexico) 

TCA - Amazonian Cooperation Treajy 

The World Bank 

The Earth Council (Costa Rica, Internatíonal NGO) 

The Inter-American Group on Sustainable Oevelopment 01 Agriculture and the Natural Resources 
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TSBF - Tropical Soil Biology and Fertilily Programme 

UN Department for Policy Coordination and Sustainable Development (DPCSD) 

UNEP - United Nations Environment Programme. Headquarters (Kenya) and Regional Office for Latin 
Ameriea and the Caribbean (Mexico) 

United Nations University (Japan) 

Universidad Catolica de Chile (Chile) 

University of Birmingham (England) 

Universily of Guelph (Canada) 

Universily of Georgia, GIS Laboratory, Artificiallntelligence Department, Athens, Ga. (USA) 

University of Kassel (Germany) 

Uníversity of Leicester, Geography Department (UK) 

University of Washington, Saaltle (USA) 

World Conservatíon Monitoring Centre (U K) 

WRI - World Resources InsUlute (USA) 
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