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ANNUAL REPORT SUMMARY
Project PE-4: LAND USE IN LATIN AMERICA
Project descriptions and logframe (mtp 2005 – 07)
Objective
The land use project provides high quality spatial information that provides the basis for better
decisions about agricultural land use change. Information at national or global scale is necessary
for research to achieve significant impact. Sound decisions for change are essential to reverse the
downward spiral of poverty, and are made at a local scale by individual farmers; at regional scale
by national ministries or at global scale by intergovernmental institutions. The definition of a
‘better’ decision is one that improves the well-being of stakeholders through the effective
management of agricultural land resources. Such decisions are evident in individual or collective
action, policies and investments.
Outputs
Baseline and time-series data. These provide ‘feed’ material for subsequent analysis,
methodology development and tool development.
1. Insight of biological limitations and drivers of land use change developed from spatial
analysis of agrobiodiversity.
2. Indicators of risk, resilience and vulnerability of tropical agricultural systems to external and
internal stresses, determined from analysis of land use change dynamics.
3. Local information and information management systems that support specific individual and
collective land management decisions.
Milestones
2005 High resolution (90m) digital terrain models processed from SRTM for tropical areas of
LAC, Africa and SE Asia, and available to collaborators (June 2005)
Data-bases of political divisions, crop types, population compiled/updated for 27
countries in LA (Dec 2005)
Canasta software for outscaling forage adoption in LAC available (June 2005)
Homolog method developed for out-scaling of tropical fruits. Trialled with collaborators
in LA, SE Asia (Dec 2005).
Method of modelling continental-scale geneflow demonstrated with Araucaria sp and
published (Dec 2005)
Impact analysis for Harvest+ CP submitted (Dec 2005)
GEF Proposal on high resolution, national scale indicators of land degradation
developed (June 2005)
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Research agenda on analysis of collective water use developed for CIAT (Dec 2005)
Coordination of WFCP Theme 2 activities, including management of Phase 2
competitive bids (Dec 2005)
Low-cost participatory methods developed to capture farm-scale information of land
productivity (June 2005)
Concept of site-specific development developed and clarified through reports,
publications and conferences (Dec. 2005). 60 farming families in case studies benefit
directly.
Concept of weather insurance developed and included in proposal (Dec 2005).
2006 1 km climate data base generated for pan tropical region (June 2006)
Selected crop specie databases compiled for agro-biodiversity and crop diversification
research (December 2006)
Floramap v 1.3 updated to include higher resolution climate database (Dec 2006).
Marksim- DSSAT coupled method for scenario analysis (Dec 2006)
Coordination of WFCP Theme 2 activities (Dec 2006)
Methods of analyzing farm product quality in relation to management * environment *
genotype developed and validated for coffee (June 2006).
Methods to analyze joint bio-physical and social networks developed (Dec 2006).
Site-specific production opportunities for non-commodity crops demonstrated with
farmer groups in LAC (Dec 2006). 3000 farmers benefit directly.
2007 High resolution, dynamic vegetation change data base compiled from satellite imagery
for pan tropical region (Dec 2007)
GxEngine prototype trialled (Dec 2007)
Indicator maps of vulnerability to natural hazards produced at regional, national and subnational scale in 6 countries as part of GEF Ph I (Dec 2007).
Vulnerability framework developed for policy- makers and included in WB methodology
(Dec 2007).
Coordination of WFCP Theme 2 activities (Dec 2007)
Methods and software to target environmental niches in hillsides made available and
upscaled to 100 producer networks (Dec 2007).
Natural hazard insurance implemented through 3-5 NGO groups in LA and Africa
(Dec 2007).
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Collaborators
Water for Food Challenge Program, ICRAF, CIP, ILRI, ECLAC, WWF-US, Univ. Guelph
(Canada), IICA (Costa Rica), IILA (Italy), IIASA (Austria), WRI (USA), RIVM (Netherlands),
TCA (Amazonian Cooperation Treaty), Earth Council (Costa Rica), World Bank; NARS, GOs,
and NGOs in Latin America: DNP, IGAC, MinAmbiente, IDEAM, CARDER (Colombia);
Ministry of the Environment, EMBRAPA (Brazil); IVITA, INIAA (Peru); INIAP (Ecuador),
FNC (Colombia), GTZ (Germany), Private sector.
CGIAR system linkages
Protecting the Environment (60%); Improving Policies (20%); Enhancement & Breeding (10%);
Saving Biodiversity (10%). Contributes to the Ecoregional Program for Tropical Latin America.
CIAT project linkages
GIS studies assist SB-1, SB-2, IP-1, IP-3, IP-5, IP-6 and PE-2; model development with PE-3,
PE-6, and BP-1.
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NARRATIVE
SUMMARY
Goal
To support agricultural
development by providing
spatial information that is
novel, significant and
actionable and thereby
reduces the risk to
agricultural development
in the tropics.

MEASURABLE
INDICATORS

MEANS OF
VERIFICATION

Risk recognized as a
reducible factor.

Policy, projects, or funding
strategies modified
identifiably to include
spatial information.

Information adopted by
decision makers.
CIAT, CGIAR, or other
collaborating research
institutional activities
enhanced by the ability to
target activities.

IMPORTANT
ASSUMPTIONS

Research portfolios
modified identifiably by
targeting or pre-selection.
Risk management
strategies, based on spatial
information, included in
development projects.

Purpose
Our goal is to provide
spatial information that
enables better decisions
about agricultural land use
change. Such information
is derived from analyses
at the local, regional and
global scale and provided
to individual farmers or
the associations and
organizations that work
with and for them.
Output 1
Baseline and time-series
data for subsequent
analysis performed.

Output 2
Insights to biological
limitations and drivers of
land use change
developed from spatial
analysis of
agrobiodiversity

Output 3
Indicators of vulnerability
and degradation risks of
land use systems
determined from analysis
of land use change in

Decision makers use spatial
information to reduce risk.

Documented case studies at
farm, national, and regional
scales.
Published methods of
generalizing improved
decision making, using
spatial information of land
use.

That uncertainty
significantly obstructs
land use decisions at a
range of scales.
That spatial variation
introduces significant
uncertainty to these
problems.
That relevant spatial
information can be
generated in a costeffective manner.

Population, crop, and
selected databases
generated.
Detailed climate data sets
developed for modelers.
Detailed future climatic
data sets used to predict
climate change effects.

Information available at
CIAT.
Selected information
downloadable at CIAT
Web site.

Information can be
delivered to analysts and
decision makers.

Threats of global climate
change (GCC) to regional
crop production defined for
regions. Threats of climate
change in specific
environments to plant
genetic resources defined.
Opportunities for improved
genetic resource
management defined for
regions.

Maps and databases
completed.
Models developed,
calibrated, verified, and
published.
Projects developed to apply
models .

Indicators of vulnerability
adopted by policy agencies.
Spatial information on
vulnerability used to reduce
investment risks in at least

Methods of vulnerability
assessment published with
case study at national or
regional scale by June
2004.
7

Sufficient
data
are
available to generate
insights.

Sufficient data are
available to generate
insights.

NARRATIVE
SUMMARY
tropical developing
countries

Output 4
Information provided at
local and farm-scale that
supports individual land
management decisions

MEASURABLE
INDICATORS
one country case study.
Practical risk management
tools produced.

MEANS OF
VERIFICATION
Ex ante analysis of the
benefits of risk reduction
published. Risk
management tools adopted
by users.

IMPORTANT
ASSUMPTIONS

Strengths and weaknesses,
overlaps and gaps identified
between farmer and
scientist knowledge with
respect to locally (e.g.,
declining soil fertility) and
globally rooted resourcebase management problems
(e.g., climate change).
Farmer-to-farmer decisionsupport network
established.

Case study documented of
farmers generating
information and merging
with “hard” data on natural
land resources.

Sufficient data are
available to generate
insights.
Local structures enable
network establishment.

Network of farmer support
initiated, including a
minimum of 200 users at
second-order organization
level.
Generated methods and
tools documented and
disseminated.
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CGIAR OUTPUT TEMPLATE
Output

Output Target 2005

Baseline and time-series data
for subsequent analysis
performed.

Population, crop, and
selected databases
generated.
Detailed climate data sets
developed for modelers.

Other:
Databases

Detailed future climatic
data sets used to predict
climate change effects.
Insights to biological
Threats of climate change
limitations and drivers of land
in specific environments
use change developed from
to plant genetic
spatial analysis of
resources defined.
agrobiodiversity
Opportunities for
improved genetic
resource management
defined for regions.
Indicators of vulnerability
Indicators of vulnerability
and degradation risks of land adopted by policy
use systems determined from agencies.
analysis of land use change in
tropical developing countries
Spatial information on
vulnerability used to
reduce investment risks in
at least one country case
study.
Information provided at local Strengths, weaknesses,
and farm-scale that supports
overlaps, gaps identified
individual land management
between farmer - scientist
decisions
knowledge with respect to
resource-base
management problems.

Other:
Databases
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Category

Other:
Databases

Achieved (yes or
no)
Yes

Yes. But
improvement
possible with more
data.
Yes

Policy
strategies

Yes

Policy
strategies

Partially. Still
ongoing.

Capacity,
Policy
strategies

Yes.

Policy
strategies

Yes

Materials

Partially. Still
ongoing.

RESEARCH HIGHLIGHTS 2005
?? Opportunities for improved genetic resource management defined for regions: The
Homologue software has been released as Beta version. Homologue was developed
jointly with the Tropical Fruits Project. The software defines the probability for any
selected location in the tropics to exhibit climatic and soil conditions similar to those of
locations that are known to have favorable growing conditions for specific crops of
interest.
?? Practical risk management tools produced: We developed, implemented and tested
together with colleagues of the CIAT Agro-Enterprise Project concepts for drought
insurance. The methodology integrates crop growth modeling with climate simulation.
The concepts have been successfully demonstrated in case studies in Central America and
Southeast Asia.
?? Detailed climate data sets developed for modelers: We contributed significantly to the
generation of very high-resolution climate data. Various climatic variables have been
generated for further use. An article in an international has been published to document
the methodology and the data.
INDICATORS
Papers in Refereed Journals
Farrow, A.; Larrea, C.; Hyman, G.G.; Lema, G. 2005. "Exploring the spatial variation of food
poverty in Ecuador." Food Policy. 30:510-531.
Ferguson, M.E.; Jarvis, A.; Stalker,H.T.; Williams,D.E.; Guarino,L.; Valls, J.F.M.; Pittman,
R.N.; Simpson, C.E.; Bramel, P. 2005. "Biogeography of wild Arachis (Leguminosae):
distribution and environmental characterisation." Biodiversity and Conservation.
14:1777-1798.
Hijmans, R. J.; Cameron, S. E.; Parra, J. L.; Jones, P. G.; Jarvis, A. (2005) Very high resolution
interpolated climate surfaces for global land areas. International Journal Of Climatology,
25, 1965-1978.
Hyman,G.G.; Larrea, C.; Farrow, A.. 2005. "Methods, results and policy implications of poverty
and food security mapping assessments." Food Policy. 30:453-460.
Jarvis, A.; Williams, K.; Williams, D.; Guarino, L. ; Caballero, P.; Mottram, G. (2005) Use of
GIS for Optimizing a Collecting Mission for a Rare Wild Pepper (Capsicum flexuosum
Sendtn.) in Paraguay. Genetic Resources and Crop Evolution, 52, 671-682.
Otero, M., Rubiano, J. Lema, G and Soto, V. 2006 Using similarity analyses to scale out research
findings similarity analysis. Water International. Special Issue on Scales and Water
Resources Management. (In press).
Peters, M.; Hyman, G.G.; Jones, P.G. 2005. Identifying areas for field conservation of forages in
Latin American disturbed environments. Ecology and Society 10(1):1-14
Rubiano, J., Quintero, M., Estrada, R.D., Moreno, A. 2006. Mult-scale Análisis for Promoting
Integrated Watresheet Management. Water International. Special Issue on Scales and
Water Resources Management. (In press).
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White,D.; Arca,M.; Alegre,J.; Yanggen,D.; Labarta,R.; Weber, J.; Sotelo,C. & Vidaurre,H. 2005.
Alternatives to Slash-and-Burn (ASB) in Peru: Challenges, Research, and Impact. In:
Slash and Burn Agriculture: The Search for Alternatives. Columbia University Press.
White,D.; Laberta, E. L. 2005. Technology Adoption by Resource-poor Farmers: Considering
the Opportunity Costs of Peak-season Labor. Agricultural Systems 85(2): 183-201.
Book Chapters
Bunundschuh, J.; Winograd, M.; Day, M.; Alvarado, G. Regional geographical, social,
economic, and environmental framework and developments, Chapter 1, Central America:
Geology, Resources and Hazards, Balkema Publisher Co, The Netherlands. (In Press)
Degen, B., Jarvis, A. & Vinceti, B. (2004). Modelling the biological processes: from genes to
ecosystems. In: Vinceti,B.; Amaral,W.; Meilleur,B. (eds). Challenges in managing forest
genetic resources for livelihoods: some examples from Brazil and Argentina. IPGRI,
Rome, Italy. p. 71-90.
Downing, T.; Patwardhan, A.; Klein, R.; Mukhala, E.; Stephen, L.; Winograd, M.; Ziervogel, G.
2005. Assessing Vulnerability for Climate Adaptation, Chapter 3, In: Lim, B.; SpangerSiegfried,E. (eds). Adaptation Policy Framework for Climate Adaptation: Developing
Strategies, Policies and Measures. UNDP, Camdridge University Press, Cambridge, UK.
p. 61-90.
Jarvis, A.; Mulligan, M. The climate of cloud forests. In: Bruijnzeel, L.A.; Juvik, J.; Scatena,
F.N.; Hamilton, L.S; Bubb, P. (eds.). Forests in the mist: Science for conserving and
managing tropical montane cloud forests. University of Hawaii Press, Honolulu, US. (In
Press)
Jarvis, A.; Yeaman, S.; Guarino, L. ; Tohme, J. (2005). The role of geographic analysis in
locating, understanding, and using plant genetic diversity. Methods in Enzymology (eds
J. N. Abelson & M. I. Simon), pp. 279-298. Division of Biology, California Institute of
Technology, Pasadena, California.
Mulligan, M.; Torres, E.; Jarvis, A.; Gonzalez, J. Field and laboratory measurement of rates of
cloud interception by epiphytes, leaves and fog collectors. In: Bruijnzeel, L.A.; Juvik, J.;
Scatena, F.N.; Hamilton, L.S.; Bubb, P. (eds.). Forests in the mist: Science for conserving
and managing tropical montane cloud forests. University of Hawaii Press, Honolulu, US.
(In Press)
Winograd M. 2005, Propuesta para una agenda de investigación en tecnología y manejo
integrado de recursos naturales, Capitulo 3, FONTAGRO, Washington, D.C. p. 107-163.
Documento de Trabajo # 4.
Yeaman, S.; Jarvis, A. (2004). Environmental heterogeneity shapes genetic diversity through
gene flow in Araucaria araucana forest ecosystems in Argentina. In: Vinceti,B.;
Amaral,W.; B. Meilleur (eds). Challenges in managing forest genetic resources for
livelihoods: some examples from Brazil and Argentina pp. IPGRI, Rome, Italy. p. 211217.
Ziervogel, G.; Cabot, C.; Winograd, M.; Segnestam, L.; Wilson, K.; Downing, T. Vulnerability
assessments and risk maps in Honduras before and after hurricane Mitch: Protecting the
vulnerable. In: Stephen, L.; Downing, T. E.; Rahman, A (eds). Approaches to
vulnerability: Food systems and environments in crisis. Earthscan, London. (In Press)
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Books
Jarvis, A. 2005. Terrain Controls on the Distribution of Tree Species Diversity and Structure in
Tropical Lowland and Tropical Montane Forest. Thesis (PhD). University of London,
King's College London Department of Geography. 438p.
Maxted, N., Mabuza, P., Moss, H., Padulosi, S., Jarvis, A. & Guarino, L. (2004) An
ecogeographic study: African Vigna. International Plant Genetic Resources Institute,
Rome, Italy. 454 p.
Workshop and Conference Papers/Presentations
ENDA & CIAT (Winograd, M.). 2005. Vulnerability and Adaptation Training and Capacity
Building Activities and Tools. Climate change capacity development (C3D) Project
(Mind, Sri Lanka, ENDA, Senegal and ERC, South Africa with UNITAR), Side Event,
COP 11 Conference, December 6, Montreal, Canada.
Farrow, A. 2005. From Root Rots to Packet Tracking: Spatial Analysis for CIAT-Africa.
CGIAR-Consortium for Spatial Information (CSI) meeting, 17-21 October, Nairobi,
Kenya.
Farrow, A. 2005. MarkSim a Spatial Weather Generator: the Theory, its Structure, Function,
Outputs and Limitations. Investing in rain- fed farming systems of sub-Saharan Africa:
Evaluating the agricultural implications of current climatic variability and planning for
future climate change, 24–26 May, Nairobi, Kenya.
Farrow, A. 2005. The Role of GIS and Spatial Analysis. Exploring the multiple potentials of
soybeans in enhancing rural livelihoods and small industry in East Africa, 28– 29
January, Nairobi, Kenya.
Hyman, G. 2005. Deforestation bow waves in the Central Peruvian Amazon. International
Symposium, “The Stability of Rainforest Margins: Linking Ecological, Economic and
Social Constraints of Land Use and Conservation”, 19-23 September. Georg-AugustUniversity of Goettingen, Germany.
Hyman, G. 2005. Desarrollo Sostenible en América Latina y El Caribe, a Escalas Local,
Nacional y Regional. Presentation to Kellogg Foundation representatives meeting in
CIAT, 18 February, Cali, Colombia.
Hyman, G. 2005. Priority Setting for Biofortification Strategy. Presentation to the HarvestPlus –
AgroSalud Linkage External Review, 9 August, Cali, Colombia.
Hyman, G. 2005. Geographic Analysis for Targeting Biofortified Beans. Presentatio n to
AgroSalud specialists in bean improvement in Latin America, 18 August, Cali,
Colombia.
Hyman, G. 2005. Prospects for Estimating Habitat Change in Latin America and the Caribbean
Using Land Cover and Population Data: 1950-2000. 6th Open Meeting on the Human
Dimensions of Global Environmental Change Research Community, 9-13 October.
University of Bonn, Germany.
Jarvis, A. 2005. Conservation and Use of Plant Genetic Resources - Spatial Analysis for
Targeting, World Conservation Monitoring. Centre (WCMC) International Seminar,
June, Cambridge, United Kingdom.
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Jarvis, A. 2005. Spatial Analysis of Plant Genetic Resource Distribution: Providing Information
for Targeting Ex Situ Collection and In Situ Conservation. Society for Conservation
Biology ConBio2005 Conference, 11-15 July University Nacional de Brasil, Brasilia.
Jarvis, A. 2005. Uso de Datos Espaciales para la Predicción en Agricultura y Ciencias
Ambientales. Seminario sobre la Agricultura de Precisión en Colombia Corporación
Biotec, Cali, Colombia.
Jones, P.G.; Thornton, P.K.; Jarvis, A.; Beebe, S. 2005. How the CGIAR should respond to
climate change. Paper presented at World Conference on Disaster Reduction, 18-22
January, Kobe, Hyogo, Japan.
LäLabarta,R. & White,D. 2005. Criterios e Instrumentos para Avaliação de Sistemas
Agroflorestais: Rentabilidade Económica. International Workshop Iniciativas
Promissoras e Fatores Limitantes para o Desenvolvimento de Sistemas Agroflorestais
como Alternativa a Degradaçao Ambiental na Amazônia. 19-28 January, Belem, Brazil.
Laderach, P. & Oberthür, T. 2005. Experiencias sobre las Necesidades y la Precisión de Medidas
para Determinar la Calidad de Café Especial en Taza. III Simposio Internacional de Café
y Cacao CUBACAFE’05, 16 al 18 de Noviembre, Santiago de Cuba.
Laderach, P.; Collet ,L., & Pohlan, J. 2005. Caracterización de la Calidad de Taza y su
Interacción con las Condiciones del Ambiente en el Cauca, Colombia. III Simposio
Intenacional de Café y Cacao CUBACAFE’05, 16 al 18 de Noviembre, Santiago de
Cuba.
Niederhauser, N. & Oberthür, T. 2005. Information Management for Agricultural High Value
Product Supply Chains. Deutscher Tropentag Stuttgart The Global Food & Product Chain
Dynamics, Innovations, Conflicts, Strategies, 11 – 13 October, University of Hohenheim,
Stuttgart-Hohenheim.
Oberthür, T. 2005. Connecting People, Markets and Environment through Niche Management.
International Workshop of the Diversification Agriculture Project Alliance, 21-23
February Workshop in CIAT, Cali, 23-26 February Fieldtrip to coffee & honey producing
project zones in Huila, Colombia
Oberthür, T. 2005. Product Differentiation in Supply Chains of High Value Crops. Workshop
with CIRAD Tree Crop Department.
Quintero,M.; Estrada, R.;, Rubiano,J. & Giron, E. 2005. Measurement and Valuation of WaterRelated Environmental Services. Special Session “Payment for Environmental Services”
in the “Water for Food and Ecosystems” FAO-Netherlands Conference, January 31 to
February 5, The Hague, Netherlands.
White,D. & IMAT team. 2005. Overcoming Land Degradation to Mitigate Deforestation in the
Humid Tropics. August, Catholic Relief Services. Baltimore USA.
White,D.; Labarta,R. & Leguia,E. 2005. New Agricultural Technologies: Are Subsistence
Farmers to Busy to Adopt them?. Development Forum. November BOKU University,
Vienna, Austria.
Winograd M. 2005. Vulnérabilité et Adaptation : les éléments de base pour passer de la théorie à
la pratique. Atelier International de Formation de Formateurs sur Vulnérabilité et
Adaptation aux Changements Climatiques, 5-7 July, ENDA, Dakar, Senegal.
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Winograd M. and B. Fall. 2005. Concepts, méthodes et outils pour évaluer la vulnérabilité et les
stratégies d'adaptation. Atelier International de Formation de Formateurs sur
Vulnérabilité et Adaptation aux Changements Climatiques, 5-7 July, ENDA, Dakar,
Senegal.
Winograd, M. 2005. Vulnérabilité et adaptation: Le contexte général. Atelier International de
Formation de Formateurs sur Vulnérabilité et Adaptation aux Changements Climatiques,
5-7 July, ENDA, Dakar, Senegal.
Winograd, M. & Thomas, J.P. 2005. Capacity Building on Climate Change: Vulnerability and
Adaptation Component. Capacity Building for Sustainable Development and Climate
Change, MIND training of trainers workshop, May 30-Jun 2, MIND, Colombo, Sri
Lanka.
Yeaman, S. & Jarvis, A. 2005. Maintenance of Diversity in a Heterogeneous Environment:
Landscape Predicts Variance within Populations of Lodgepole Pine (Pinus contorta).
Evolution 2005 Conference, 10th-14th June, University of Alaska, Fairbanks.
Technical Reports and Information Products
CIAT, SEI, ENDA and UNITAR. 2005. Fiches Techniques pour l’Appui du Processus
PANA/Technical Sheets to Support NAPA Process, UNITAR, Geneve, Switzerland. 8p.
ENDA en collaboration avec CIAT, SEI et UNITAR. 2005. Compte Re ndu de l’Atelier de
Formation de Formateurs sur Vulnérabilité et Adaptation aux Changements
Climatiques/Train of Trainers Workshop Report on Vulnerability and Adaptation
Assessment, ENDA-TM, Dakar, Senegal. 25 p.
Jones, P. G.; Díaz, W.; Cock, J. 2005. Homologue: A Computer System for Identifying Similar
Environments Throughout the Tropical World. [CD-ROM] Version Beta a.0 2005.
Series International Center for Tropical Agriculture.
Jones, P. G.; Gladkov, A. 2005. FloraMap: A Computer Tool for Predicting the Distribution of
Plants and Other Organisms in the Wild. [CD-ROM] Version 1.03 2005. Series
International Center for Tropical Agriculture.
Oberthür, T. 2006. Diversification Agriculture Project Alliance (DAPA) in Latin America. ICT
Update Issue 30 Precision farming, January 2006. Series International Center for Tropical
Agriculture. Available in: http://ictupdate.cta.int/index.php/article/articleview/534/1/96/
Winograd, M.; Fall, B. ; Thomas, J. P. et al. 2005. Formation de formateurs sur l’évaluation de la
vulnérabilité et les stratégies d’adaptation/Train of trainers on vulnerability and
adaptation strategies assessment. [CD-ROM]. CIAT, ENDA, SEI, UNITAR, C3D
Project, ENDA-TM, Dakar, Senegal.

14

SPECIAL PROJECTS/DONOR CONTRACTS
New proposals approved in 2005.

Project
Donor
Starting date
Climate Change Capacity
ENDA/Unitar
1/1/2005
Development
GEFME-OP12-Integrated The World
1/1/2005
Ecosytem
Bank
Agreement between
CIAT and CPWF for
CP
4/5/2005
Provision of Leader of
Basin Focal Projects
Catalo gue of Poverty
Columbia
1/2/2005
Mapping for Seven
University
Countries-CIESIN
Analyses of Coffee
Quality and Production
Federación
System Characteristics in Nacional de 16/01/2006
Cafeteros
the Nariño and Cauca
Departments of Colombia
Introducing More Precise
Agricultural Management
Dupont
2006
In Tropical Farming
Systems
GEF-UNEP project
GEF
2006
Topographic data
Various
2005
Data license for SRTM
Microsoft
20/12/2005
data.
Corporation
Impact Assessment of CP
CP
2005

15

Total value
US$

Partners

CIAT

70,000

70,000

49,580

-

49,580

86,800

-

86,800

22,054

-

22,054

30,875

-

30,875

16,705

-

16,705

700,000
15,500

487,000
-

213,000
15,500

35,000

-

35,000

900,000
1,926,514

487,000

900,000
1,439,514

Ongoing special projects in 2005, initially funded in previous years.

Project
Challenge Program on
Water and Food (CPWF)
Theme 2
New opportunities for
hillside farmers: Matching
product quality,
environment and market
demand for high- value
agricultural products
A system of drought
insurance for poverty
alleviation in rural areas
Land Systems Analysis
Tool for Tropical Lowlands

Total value
US$

Donor

Starting date

IWMI

1/11/2002

169,777

14,000

155,777

GTZ

1/1/2005

544,649

139,869

404,780

GTZ

1/10/2004

21,036

-

21,036

CGIAR
(ICT-KM
Program)

1/6/2004

18,340

-

18,340

Spatial trade-off analyses in
upland systems of Southeast
Asia and East Africa
Austria
Climate Change Capacity
ENDA/Unitar
Development
GEFME-OP12-Integrated
The World
Ecosytem
Bank
Agreement between CIAT
and CPWF for Provision of
CP
Leader of Basin Focal
Projects

142,389

Partners

CIAT

48,000

94,389

1/1/2005
1/1/2005

70,000

1/1/2005

49,580

-

49,580

4/5/2005

86,800

-

86,800

1,102,571

201,869

900,702
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Date
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11-13
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III Simposio Intenacional de
Café y Cacao. P. Laderach
Deutscher Tropentag
Stuttgart. T. Oberthur & N.
Niederhauser
6th Open Meeting, G. Hyman

Santiago de Cuba

International Symposium. G.
Hyman. The Stability of
Rainforest Margins
Conference Open Source
Num3/EOGEO. E. Barona
VI Simposio
Latinoaméricano IESA –
D.White & M. Otero
Seminario sobre servicios
financieros rurales. J. Díaz
Workshop 2005: J. Díaz &
M. Lundy. Innovative
Agricultural Production Risk
Management Instruments in
Central America
Training period with
colleagues. T. Oberthur

University of
Goettingen,
Germany
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Universidad de
Caldas, Manizales

CUBACAFE’05. Coffee and
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The Global Food & Product
Chain Dynamics, Innovations,
Conflicts, Strategies.
Human Dimensions of Global
Environmental Change Research
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Linking Ecological, Economic
and Social Constraints of Land
Use and Conservation
GeoSpatial 05 Conference

Conference of International
Center for Advanced
Mediterranean Agronomic
Studies (CIHEAM). S. Cook
Centre (WCMC)
International Seminar. A.
Jarvis
Society for Conservation
Biology ConBio2005
Conference. A. Jarvis
Evolution 2005 Conference.
A. Jarvis
Curso a distancia de Modelos
de Simulación de Cultivos. J.
Díaz
Entrenamiento Universidad
Pescara, Italia. L. Collet
English Courses. L. Torres &
L. Rojas

Zaragoza, España

9-13 October

19-23
September
15-18 June
20-22
July
16-18
March
9-12 May

7-10
March
17-18
May

June
11th -15th
July
10-14
June
SeptemberNovember
1-5
October
OctoberNovember

University of
Hohenhein,
Germany
University of
Bonn, Germany

Number
of
trainees
1
2

1

1

1

Conference participation

2

Presentation / revision of drought
insurance concepts
Opportunities and Challenges for
Reaching the Rural Poor

1

Statistical analyses of sampling
designs for product quality
research
Presentation of research results

1

Cambridge,
United Kingdom

Presentation of research results

1

University
Nacional of
Brasil, Brasilia
University of
Alaska, Fairbanks

Presentation of research results

1

Presentation of research results

1

Course attendance

1

Italia

Training in statistical analyses

1

Palmira,
Colombia

English classes

2

Oaxaca, México
Antigua,
Guatemala

Universities Siena
and Pescara, Italy

17

2

1
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Name
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CNRS (Burkina
Faso)
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5
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-

-

-

List of MS & PhD students being supervised
Yolanda Rubiano, PhD. University Nacional, Palmira, Colombia
Daniel Jiménez R, PhD. Candidate in Biological Sciences- GHENT University
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Juergen Piezcascek, PhD. Candidate Agriculture, University of Bonn, Germany
Peter Laderach, PhD Candidate at Rheinische-Friedrich Wilhelm Universität Bonn, Germany
Natasha Pauli, PhD. Candidate in Geography, University of Western Australia
Reinhild Bode, PhD. Candidate in Agricultural Sciences, Humboldt University of Berlin
Clemens Bertschler, MSc. Information and Communication Engineering, Vorarlberg University
of Applied Sciences
Marcela Estrada, MSc. Candidate Ciencias Agrarias, Universidad Nacional, Medellin, Colombia
Dario Castañeda, MSc. Candidate Ciencias Agrarias, Universidad Nacional, Medellin, Colombia
Fernando Rodríguez Camayo, MSc. Candidate, Business Administration Univesidad del Valle,
Cali, Colombia
Ramiro Cuero, MSc. Candidate Physics, Universidad del Valle
Karl Atzmanstorfer, MSc. Candidate Applied Geoinformatics, University of Salzburg, Austria
Maria Miguel Ribeiro, PhD. Candidate, BOKU University Vienna
FOR THE IP PROJECTS A LIST OF VARIETIES & COUNTRIES FOR VARIETAL
RELEASES.
Not applicable for PE4
SUMMARY 2005 BUDGET PREPARED BY FINANCES .
ACTUAL EXPENDITURES 2005
PROJECT PE4: Geographical Information and Land Use Change
SOURCE
AMOUNT US$ PROPORTION (%)
Unrestricted Core
677,739
44%
Restricted Core
0%
0%
Sub-total
677,739
44%
Special Projects
610,096
40%
Water and Food CP
251,986
16%
Total Project
1,539,821
100%
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GENERAL INTRODUCTION
Background and Structure of Reporting
To stay abreast with the changing circumstances, “Geographical Information to Optimize Land
Use” in November, 2003 a Center-Commissioned External Review (CCER) met with members
of the project to discuss the present project and its future directions. The CCER recommended,
and the project staff agreed, that the project should develop a new strategic business plan, with a
clear focus on three major themes:
analysis of agrobiodiversity (theme 1),
analyses of land use change (theme 2) and
site specific information provision to support farm decision making (theme 3).
Additionally, the Land Use Project works on data generation and data management tools (theme
4). In 2005 we were able to implement almost all of the recommendations of the CCER, and this
report will be presented under the structure suggested by the CCER.
This general introduction explains why specific research has been conducted. Brief specific
introductions will then introduce the reporting for each theme. We report using long articles and
short summaries of specific research activities. Long contributions are generally manuscripts that
document background, methodologies, data, and results of major research topics. These
contributions are currently being prepared or have been prepared for submission to journals
and/or other media of dissemination. Short contributions summarize smaller research tasks,
introduce interesting research ideas or report on the results of specific research tasks.
Rationale and Content of Reporting
Land resources are key assets for rural communities. We suggest that land resources are
generally utilized in a form that does not maximize benefits to society as a whole and certainly
not to rural communities. As a direct consequence, there is a huge unrealized potential to change
use of lands in heterogeneous landscapes to improve the welfare of rural communities whilst at
the same time reversing degradation of the environment.
The Land Use Project (LUP) Mission statement reflects this assumption: “The project provides
geographical (spatial, temporal) information that enables better decisions about changing
agricultural land use. The definition of a ‘better’ decision is one that leads ultimately to
improved well being of the rural population through effective management of agricultural land
resources. Whilst individual farmers and entrepreneurs primarily make decisions on agricultural
land use, the overall political, economic and social environment that is largely determined by
public agencies such as ministries, police and the judiciary, and local government markedly
influences their decisions.”
We believe that rural communities could improve their welfare and derive greater benefits in a
number of ways: greater agricultural productivity; more profitable agriculture; ancillary
industries and services related to agriculture; provision of unique environmental or ecological
services. In all cases these benefits will require linkage between the producer, or provider of
services, and the consumer or service user. The linkages do not exist everywhere. Like the
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environments in which they occur, the products and services that will provide these benefits may
be unique. The research results of the LUP will facilitate the establishment of these linkages.
Rural communities will manage the natural resources under their control in an environmentally
sound manner if sufficient incentives are in place. People do not manage natural resources for
their own sake but to generate livelihoods through products or services. The hillside dweller is
interested in the water that flows through the glen where he lives because it provides him with
certain services. But he has no reason to worry about the erosion or contamination that occurs
further downstream, unless there is some benefit for his efforts to improve the management of
the glen. The ability of the land asset to furnish goods or services that are of value directly to the
rural community and to others outside the community provide the incentives that are an essential
ingredient of sound long-term management of natural resources. The research results of the LUP
will help to develop viable schemes for valuing services and goods.
Much of the knowledge required on how to manage natural resources and agriculture is
endogenous. Modern science and information technology can help us utilize this endogenous
knowledge, systematize it, and provide the linkages between producers or providers of services
and their clients. Science can combine indigenous, local and expert knowledge with information
from trials and controlled experiments. It can then deliver specific information that empowers
the rural population farmers to manage natural resources effectively and improve their well
being. The research results of the LUP will provide methods and tools to combine diverse
knowledge pools.
The highly complex production systems in heterogeneous environments are extremely difficult
to understand using traditional methods of agricultural research. Furthermore with perennial
species, which may be the most appropriate in hillsides and high rainfall areas, traditional
agricultural research methodologies only provide useful results after many years. Recent
experiences with a few crops and advances in information technology indicate that it is possible
to draw conclusions how to manage a particular crop or clone without the need for long-term
formal experiments. We do this by relating its performance to the natural variation in growing
conditions and differences in management of the crop used by producers. The LUP suggests that
for the many crops or species that have not been researched in depth using traditional agricultural
research methods, modern information technology and analytical techniques such as Bayesian
spatial modeling can be used to identify superior genetic material and provide guidelines as to
where it can be grown and what management will be appropriate.
Improved land use can provide many benefits to rural communities and society at large.
Although the benefits are many, the principal drivers for change are individual products or
services. The individual product or service provides the organizing foci that drive change. All
changes will eventually become integrated into the overall system, however change will occur
most rapidly along chains that are related to the provision of a particular product or service. The
principal requirement for establishment of integrated product- or service-chains is for rural
people to establish the linkage between the attributes of their resources (including, inter alia,
land, farming knowledge and managerial skills) to specific income- generation options.
Rural communities are particularly exposed to major information asymmetries and this
prejudices the value of their products or services. These asymmetries of information were
inevitable in the past due to technological limitations. However communication technologies
have advanced so rapidly in the past twenty years that social and organizational barriers are the
prime reason for information imbalances continuing. The LUP believes that adaptation of
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information technology to the use of geographical information can redress these imbalances and
empower rural communities locally, and specific cases to bio-physical and socio-economic
conditions of rural communities.
This report provides examples of how we aim to provide information at three levels of scale:
At a local scale for individual farmers so that they can make decisions on land use,
At a regional scale for public agencies and national ministries, or
At global scale for intergovernmental institutions so that these agencies can propitiate favourable
use of agricultural land.
Our clients include the rural population in general, and farmers and rural entrepreneurs in
particular, researchers, policy makers and any person or agency working in the field of rural
development with and for the rural population. Our clients will be able to:
evaluate ex ante the probable consequences of decisions they make to directly change land use or
to influence those that make the decisions and to monitor the effects of any decisions they make.
Mechanisms used by the LUP to provide geographical information
As we have mentioned, agricultural decisions are shaped by specific conditions in space. This
creates a major problem for those of us who are working in agricultural development. How can
we provide pertinent information or recommendations for the myriad different circumstances of
millions of farmers and rural entrepreneurs? In the past researchers offered technologies that
were broadly adapted to a wide range of conditions, and when the conditions were not
appropriate, using irrigation, drainage, fertilizers, pesticides and numerous other interventions to
modify them. These technologies were developed at a time when the specter of famine hung over
the tropical world with increasing population and stagnating agricultural productivity.
The situation has now changed. Although eliminating hunger remains a valid objective; the
emphasis has now shifted to alleviating both hunger and poverty. In order to alleviate poverty,
incomes must be increased, and in areas with a high population density per unit of productive
land (HPDPUPL) there is little possibility for agriculture to provide the increased income from
the production of staple foods and low-priced commodities. A diverse range of products and
services of high value per unit land area are an essential part of any effort to increase rural
income through agriculture in these HPDPUPL areas.
For any decision-support system to be effective for its clients, who are manifold, it must provide
them with information that is pertinent to their specific location in space and time. Furthermore,
it must offer them an array of options, and not concentrate on one or two major staples or
commodities. This has implications on how research is implemented. The LUP has adopted a
tripartite mechanism to comply with this requirement to provide geographical information:
Research is focused on compiling and processing information on climate, soils, crop
performance, infrastructure and socio-economic variables into land resource indicators organized
in mega data bases and that cover the tropical world. These mega-databases are analogous to the
germplasm banks that were established as the basis of the germplasm development efforts, which
have been the pillars of the CGIAR system until now. The databases and the information held in
them are of little use per se, but they are the key to providing our clients with valid information
pertaining to their specific circumstances. As was the case in germplasm, much of the knowledge
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already exists in the hands of local populations and agencies but it is not in a readily accessible
form. It now needs to be collected, compiled and systematized.
Research is focused on the generation of tools and methodologies that can determine what data
and information is relevant to a particular case. It then analyzes and interprets those data in such
a manner that our clients can use them to resolve problems and explore new opportunities. The
users may be farmers' groups, development agencies, governmental or non-governmental
organizations or researchers. Examples of this are new or adapted software packages.
Research is conducted into the manner in which rural communities and other actors involved in
the provision of products and services can best utilize the information and information
management tools that are being developed, and apply them to their particular circumstances.
This research provides hands-on experience with the tools and methodologies to ensure that they
are applicable to real life situations. It also allows them to be taken up immediately by
organizations similar to those with whom they were developed. Furthermore, the research
identifies the social and organizational alliances that are prerequisites for successful use and
adoption. An example is applied research within high- value-crop supply-chains.
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THEME 1: AGRO-BIODIVERSITY
Theme 1. To provide spatial analysis of agro-biodiversity related to income generation and
genetic resource conservation.
Outputs of theme 1: Insight and information of biological limitations to agricultural development
from spatial analysis of agro-biodiversity. Novel forms of evaluating crop management and
performance under diverse conditions by way of models and methodologies. These are based on
experimental results, expert knowledge and observations of crop performance under natural
variations in cond itions. They predict crop performance under specific conditions and
management.
Background and focus of theme 1: The work focuses on areas/species that are useful in
agriculture. The research areas are:
Development of new crop species or varieties directly from the available biodiversity,
Providing insights into biodiversity and adaptation for providing germplasm for use in species
(varietal) improvement, and
Generally using knowledge of biodiversity to help agriculture.
In addition the area of traceability within the supply chain as related to both safety and
commercial exploitation will be looked at. The ultimate goal is to be able to provide information
that improves site-specific management of tropical farming systems that is carried out under
theme 3 and that supports research carried out under theme 2.
Reporting 2005 under theme 1: The Annual Report 2005 provides information on:
Heterogeneity, gene flow, and the maintenance of genetic variation by Yeaman and Jarvis
Rapid assessment of diversity in Flemingia by Andersson et al.
Cowpea genotype by environment analysis by Atzmanstorfer et al.
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Regional heterogeneity and gene flow maintain variance in quantitative traits
within populations of lodgepole pine 1
Sam Yeaman and Andy Jarvis
(In collaboration with colleagues of IPGRI and University of Brisith Columbia)
Abstract
Genetic variation is fundamental to natural selection and biological evolution, yet we still know
very little about how it is maintained in nature. Because natural populations are often
characterized by local adaptations and differences in trait means among populations, gene flow
between differently adapted populations may be a persistent source of variation within
populations. Here, we test whether regional environmental heterogeneity and gene flow play a
significant role in the maintenance of genetic variation within populations of lodgepole pine
(Pinus contorta). We used data from a long-term study of 142 populations of lodgepole pine to
estimate levels of genetic variation in growth response and compare these to measures of
environmental heterogeneity in the surrounding region. We find that regional environmental
heterogeneity explains at least 20% of the variation in genetic variance, suggesting that gene
flow and heterogeneous sele ction may play an important role in maintaining the high levels of
within-population genetic variation found in nature.
Keywords: genetic diversity, gene flow, heterogeneous selection, cline, lodgepole pine, climate
change
Introduction
The maintenance of genetic variation within populations remains a central question in the study
of evolutionary biology (Barton and Keightley 2002). Strongly selected traits are expected to
have low levels of genetic variance and low heritabilities, due to the purging of non-optimal
alleles (Fisher 1930). Empirical evidence, however, shows that variation is ubiquitous. Both
natural and experimental populations often have high heritabilities for many traits (Mousseau
and Roff 1987; Roff and Mousseau 1987), and traits that are closely associated with fitness tend
to have higher levels of genetic variance (but lower heritability) than weakly selected traits
(Houle 1992). Understanding the population genetic processes that maintain such high levels of
variation is central to the study of evolution.
Numerous theoretical approaches have been taken to address this problem, including models of
mutation-selection balance (Lande 1975; Turelli 1984; Bulmer 1973), genotype-environment
interactions (Via and Lande 1987; Gillespie and Turelli 1989; Turelli and Barton 2004),
population structure and stabilizing selection (Goldstein and Holsinger 1992), temporally
fluctuating selection pressures (Waxman and Peck 1999; Bürger and Gimelfarb 2002), and
pleiotropic overdominance (Bulmer 1973; Gillespie 1984; Turelli and Barton 2004). Despite
extensive theoretical research, however, there is still no consensus about which processes are
most important and only limited evidence to evaluate this question empirically (Johnson and
Barton 2005).
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One of the more intuitive mechanisms proposed to maintain genetic variation is through spatially
varying selection and gene flow. When populations inhabit environments with different local
optima, the reduction in variation caused by selection within each population can be opposed by
gene flow between them. As long as gene flow is insufficient to overwhelm local adaptations and
prevent divergence among populations, it will increase the standing genetic variance within
populations. While numerous models have examined this migration-selection balance in single
locus traits (reviewed in Felsenstein 1976), there have been comparatively few treatments of
polygenic traits. Slatkin (1978) showed how gene flow through an environmental gradient
increases the additive genetic variance within populations inhabiting intermediate regions of the
cline, due to the mixing of alleles from populations with different means. Although Slatkin
suggested that this effect would only be important under strong selection, Barton (1999) has
shown that gene flow through a cline can result in substantial increases in variance under weak
selection as well. Other models based on single populations experiencing stabilizing selection
and immigration of non- locally adapted alleles (Tufto 2000), or two populations inhabiting
different environments connected by gene flow (Spichtig and Kawecki 2004) have made similar
qualitative conclusions, showing that gene flow can maintain genetic variation within
populations, but that this effect will only occur under limited migration and strong selection.
Although these theoretical treatments have demonstrated the possibility that gene flow and
spatially varying selection can maintain variation within populations, it is unclear whether this
effect makes a substantia l contribution to levels of variation in nature. Several studies have
shown that gene flow in clines can maintain heterozygosity in single locus traits (Barton and
Hewitt 1985; Lenormand and Raymond 2000), but there have been fewer demonstrations of this
effect in quantitative traits. Sgro and Blows (2003) examined genetic variance in a cline for
development time in wild populations of Drosophila serrata and found that non-additive genetic
variance was highest at the region with the sharpest change in trait mean. While this evidence
conforms to the predictions of Barton’s analysis of polygenic clines (1999), it is unclear why
patterns of additive genetic variance did not also increase in this transition zone, as predicted by
theory.
Other studies of quantitative genetic clines have reported ambiguous patterns in genetic variance
(van ’tLand et al. 1999; Magiafoglou et al. 2002) or have focused on changes in mean rather
than variance (e.g. James et al. 1995; Hoffmann et al. 2002; Palo et al. 2003). Part of the reason
for this lack of evidence may stem from the difficulty of testing predictions based on genetic
variance; the theoretical expectations for patterns of genetic structure in polygenic traits change
depending upon the strength of selection and the shape of the change in optimum. For example,
under a gentle linear gradient, genetic variance should be relatively constant across the cline,
whereas for a steep linear gradient, genetic variance should peak at the centre of the cline
(Barton 1999). Because the shape of the environmental gradient is often unknown, and because
similar patterns could be expected under alternative processes such as localized mutationselection balance, it is difficult to test hypotheses based on clines in polygenic traits. In a slightly
different context, empirical studies of maladaptation caused by gene flow (Riechert 1993;
Bossart and Scriber 1995; King and Lawson 1995; Hendry and Taylor 2004) suggest that gene
flow can be a persistent source of variance within populations, yet there is still considerable
disagreement about the strength of this effect (Hendry and Taylor 2004). Thus, while theoretical
research suggests that gene flow through heterogeneous environments may maintain genetic
variance, there is little empirical evidence to evaluate the importance of this process.
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A general prediction about the effect of gene flow that is more easily tested is that genetic
variance within populations should be correlated to regional environmental heterogeneity.
Assuming homogenous migration rates and dispersal distances across the range of a species, the
variance in trait values carried by alleles flowing into any given population should be
proportional to the regional variance in trait means, which should in turn be positively related to
the regional variance in environment. This prediction is a direct extrapolation from cline theory,
as variance is expected to be higher in populations inhabiting steep clines with more
heterogeneity within the region defined by dispersal distance (Slatkin 1978; Barton 1999).
Importantly, this prediction will only hold when there is sufficient regional variation in
environment to maintain local adaptations among populations (analogous to Slatkin’s
‘characteristic length’ threshold in a linear cline).
To test this prediction, we studied patterns of genetic variation within populations of lodgepole
pine (Pinus contorta) using previously collected data from a long-term common garden
experiment (Rehfeldt et al. 1999) and compared these to quantitative estimates of environmental
heterogeneity. Lodgepole pine is a highly outcrossed conifer (Yeh and Layton 1979) with an
extensive range spanning climatically heterogeneous mountain environments and relatively
homogenous valleys and plateaus from Baja California to the Yukon Territories and Alaska.
Adaptation to the climatic variations across this range requires tradeoffs between maximizing
growth rate and tailoring phenology to avoid exposing sensitive growing tissues to extreme
environmental conditions (Howe et al. 2003). Like many tree species, neutral genetic variation in
lodgepole pine is mostly partitioned within populations (Yang et al. 1996; Hamrick 2004).
Studies of growth response, however, have found significant patterns of local adaptation and
divergence in trait means among populations (Yang et al. 1996; Rehfeldt et al. 1999; Wu and
Ying 2004). Because the environment is sufficiently heterogeneous to maintain divergence
between populations in the presence of gene flow, lodgepole pine conforms to the assumptions
of the gene flow/environmental heterogeneity hypothesis described above. Thus, if gene flow
through heterogeneous environments is an important process maintaining variation, we should
see significant correlations between genetic variance for growth response within populations and
environmental heterogeneity in the surrounding region. We tested this prediction by comparing
levels of genetic variance within populations to quantitative measures of heterogeneity in
climatic conditions in their surrounding region.
Methods
Genetic Variance: Genetic variance was estimated using previously collected data from a
common garden experiment testing growth response to climate in 142 populations of lodgepole
pine. This experiment was established by Keith Illingworth and maintained by the British
Columbia Forest Service; the details are described more thoroughly in other papers (Rehfeldt et
al.1999; Wu and Ying 2004). Basic experimental design was as follows: seeds were collected
from approximately 15 different trees in each population (over an area of approximately 1 km2 )
and bulked according to their population of origin (Alvin Yanchuk, pers. comm.). Seeds from
each population were then planted in several common gardens across a range of climatic
conditions, with two randomized blocks of nine individuals in each site (Rehfeldt et al. 1999).
Due to the limitations of such an extensive study, populations were not planted in the full set of
60 common gardens used for testing, but were planted in approximately 33 different sites on
average. Following 20 years of growth, the heights of all surviving individuals were recorded.
26

For the analysis in this study, we excluded any trials with fewer than 10 surviving individuals
(out of 18) to minimize the error in estimating variance in small samples. Similarly, we also
excluded populations that had been planted in fewer than 5 locations. Following these
restrictions, 103 populations remained with an average of 28 planting sites per population
(sd = 13.9). For each population, we calculated the mean and variance in 20-year growth
response using LSMEANS and VARCOMP in SAS with a restricted maximum likelihood model
to control for block effects in the planting design. These measures of variance showed a weak
correlation with the population means (r = 0.29, p < 0.01, df = 97). In attempts correct for this
correlation, we tried three different transformations: log-transforming the raw height data,
standardizing the final variances by the population means, and standardizing the standard
deviations by the population means. Each of these transformations, however, yielded estimates
of variance that had stronger, negative correlations with the population means (rlog = -0.68; r? 2/?
= -0.61; r? /? = -0.87), so for all subsequent analysis we used the original untransformed measures
of variance.
A major limitation facing studies investigating the maintenance of variation is the difficulty of
estimating genetic variance for a large number of populations. Here, we use phenotypic variance
(VP ) measured from multiple common garden trials as a proxy for genetic variance (V G) within
each population. While imperfect, this approach may provide a reasonable estimation of genetic
variance, assuming environmental variance (VE) is either positively correlated with VG or is
roughly constant among populations planted within the same test environment. Randomized
planting design and the large number of replicate test sites across a broad range of environmental
conditions (mean = 33) should reduce the likelihood of consistent differences in VE due to
experimental design and/or genotype x environment interactions.
Environmental Heterogeneity: To represent patterns of spatial environmental variation, we
constructed GIS-based maps of precipitation and temperature (Table 1). Each of these datasets
consists of a square lattice with a resolution of approximately 1 km2 per cell, covering a total
area of roughly 4000 km x 4000 km. This spans the entire range of lodgepole pine, providing an
approximate picture of the spatial variation in climatic conditions experienced by the species. All
variables were created from 1 km GIS-based rasters in the WorldClim global climatic datasets
(Hijmans et al. 2004). The original WorldClim dataset consists of maps showing mean monthly
estimates of precipitation and minimum and maximum temperature, created by using thin plate
splines to interpolate from a global network of weather stations based on distance and altitude.
Table 1. Climatic variables
Variable Name
DROUGHT
PRECIP
COLD
TEMP

Description
Number of ¼ month periods with less than 25mm of precipitation
Mean annual precipitation
Coldest mean monthly temperature
Mean annual temperature

Weather station data typically represent 30–year averages from the period of 1960-1990. The
WorldClim data do not account for rain shadow effects or other complicated meteorological
phenomena, however it should be sufficiently accurate to capture medium- and large-scale
climatic patterns and approximate regional heterogeneity. As these climatic variables are
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continuous representations of the abiotic conditions rather than biologically-based models of
stress (e.g. incorporating the importance of the transition from freezing to non-freezing
temperatures), they are only approximate representations of selection pressure. To increase the
biological relevance of these maps and avoid the inclusion of climatic data from uninhabited
alpine areas and lowland valleys, we eliminated all areas that are currently not forested. We
identified non- forested areas using maps of coniferous forest from 1992 (Defries et al. 2000),
excluding any area with less than 10% cover.
For any given cell in the climatic maps, we calculated heterogeneity in the surrounding region
using a weighted measure of variance:

(1)
where i, j are the geographic coordinates of the cells being considered, x ij is the environmental
condition at cell [i,j], x is the weighted mean for the region, and mij is the weighting at cell [i,j].
In this study, weights represent the relative probability of gene flow from the surrounding cells to
the focal cell. In lodgepole pine, gene flow is mainly the product of wind- mediated pollen
dispersal, with seeds typically moving only short distances (Ennos 1994). While we could find
no quantitative data on pollen dispersal curves in lodgepole pine, studies of other wind-pollinated
conifers have generally found that pollen flow decreases with distance and is typically
leptokurtic (Schuster and Mitton 2000; Robledo-Arnuncio and Gil 2005).
Following Austerlitz and colleagues (2004), we used a Weibull distribution to calculate the
weights for each cell, as this was the best- fitting of all distributions they tested and is also
flexible in its shape:

(2)
where d is the distance between the focal cell and cell [i,j], x is the scale parameter and m ij is
the shape parameter. For this distribution, alpha corresponds to the mean distance of gene flow,
and beta describes the degree of leptokurtosis (decreasing values of beta result in increasing
leptokurtosis). It is important to note that in this application, the mean distance of gene flow does
not correspond exactly to the dispersal distance of pollen, due to the possibility of multigenerational, stepping-stone migration. As an initial parameter set, we measured heterogeneity
under alpha?= 500 km and beta ?= 1 (which corresponds to an exponential distribution with mean
= 0.5). To examine the effect of different parameters describing the dispersal curve, we applied
this method to calculate heterogeneity under a range of values of alpha (200 m – 10 km) and
beta (0.2 – 2), using an analysis window of 201 x 201 km. This simple representation of gene
flow will fail to account for the influence of physical and phenological barriers to pollen flow
and may be less accurate in mountainous areas where differences in flowering time can present
effective barriers to gene flow (Schuster et al. 1989); it should, however, provide a coarse
approximation.
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In all applications of the above methods, we calculated heterogeneity for the cell corresponding
to the geo-referenced point of origin for each provenance. Four of the provenance geo-reference
points corresponded to cells that lay more than 2 km outside of currently forested areas, and
these were excluded from the analysis. Following these restrictions, 99 populations had sufficient
data for estimates of both genetic diversity and environmental heterogeneity. All variables except
DROUGHT were log-transformed prior to the calculation of weighted variance to reduce the effect
of large ranges in magnitude. To facilitate comparisons among variables, all measurements of
heterogeneity were standardized to an index between 0 and 1 by subtracting the minimum value
from all scores and dividing by the range. To evaluate the relationship between withinpopulation variance and regional heterogeneity, we performed multiple linear regressions and
tested Pearson correlations using ‘lm’ and ‘cor.test’ in the statistical package. As a test of an
alternate hypothesis, we calculated correlations between genetic variance within populations and
both latitude and distance from the center of the range (defining the center as the mean of all
latitudinal and longitudinal coordinates).
Results
Genetic variance in 20- year growth responses within populations was correlated with regional
heterogeneity in all four environmental variables (Figure 1). Surprisingly, these correlations were
relatively insensitive to variations in the parameters defining the dispersal distance under the
Weibull distribution (Figure 2). Pearson correlations (r) calculated under all parameter
combinations were significantly different from 0 (p < 0.05, df = 97), however 95 % confidence
limits overlapped for all dispersal functions considered (not shown). Thus, although correlations
tended to be somewhat lower under certain parameter combinations (e.g. alpha < 1 and beta > 1
for DROUGHT, COLD, and TEMP), these were not statistically different from correlations under
other combinations.
By calculation of r2 , regional heterogeneity in DROUGHT explained 8% - 20% of the variation in
genetic diversity, depending upon the values of alpha and beta (Figure 2). Heterogeneity in the
other variables explained 7% - 14% (COLD), 7% - 13% (TEMP), and 7% - 19% (PRECIP) of the
variation in genetic diversity within populations. Although some variables explained more of the
variation than others, and all were significantly different from zero (p < 0.05, df = 97),
differences between them were not statistically significant (all estimates lie within 95%
confidence limits of other estimates). Thus, it was not possible to evaluate the relative biological
importance of the different climatic variables used here. Multiple linear regression of genetic
variance on heterogeneity in all four variables showed that they could collectively explain
between 17% and 28% of the variation in genetic diversity within populations, depending upon
the values of alpha and beta.
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Figure 1. Relationship between variance within populations and regional heterogeneity in the four
climatic variables, calculated using ? ?= 500m, ??= 1 for the Weibull distribution representing
gene flow.

To examine other possible explanations for patterns in genetic variance, we used linear
regression to test whether variance within populations was correlated to either their latitude or
their distance from the geographic centre of their range. Both variables showed significant
inverse relationships, with latitude explaining 5% of the variation (p < 0.05, df = 97) and
distance explaining 10% of the variation (p < 0.01, df = 97) in genetic variance. To test whether
these two terms covaried with any of the heterogeneity measurements, we calculated the
residuals of the single factor regressions of diversity on latitude and distance, and then calculated
the correlations between these residuals and the measurements of heterogeneity. In almost all
cases, the correlations between genetic variance and heterogeneity were still significant, with
heterogeneity explaining 9% - 18% (DROUGHT), 4% - 12% (COLD), 6% - 10% (TEMP), and 6% 19% (PRECIP) of the variation in residuals of the distance regression and 7% - 16% (DROUGHT),
6% - 12% (COLD), 7% - 11% (TEMP), and 4% - 18% (PRECIP) of the variation in residuals of the
latitude regression, depending upon the values of alpha and beta. Of these, all correlations were
significant (p < 0.05, df = 97) except for 6 of the120 parameter combinations in COLD vs.
distance residuals and 3 of the 120 parameter combinations in PRECIP vs. latitude residuals.
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Figure 2. Pearson correlation between variance within populations and heterogeneity in the four
climatic variables, calculated under a range of values of?? and ??for the Weibull distribution
representing gene flow.

We then calculated the residuals from the multiple linear regression of diversity on both latitude
and distance. Multiple linear regression of these combined residuals on heterogeneity in all four
variables showed that they could collectively explain approximately 20% of the variation in
genetic diversity within populations (p < 0.001, df = 97; for alpha = 500 m and beta = 1). Thus,
while latitude and distance from the centre of the range are significantly correlated to genetic
variance, for the most part, they explain different portions of the variance than regional
environmental heterogeneity.
Discussion
Evolutionary theory suggests that quantitative genetic variation within populations can be
maintained by spatially varying selection and gene flow (Slatkin 1978; Barton 1999; Tufto 2000;
Spichtig and Kawecki 2004). Although local adaptation is pervasive (Hedrick et al. 1976;
Linhart and Grant 1996), it is unclear whether gene flow is strong enough to maintain the high
levels of genetic variation found in nature. Other processes such as mutation-selection balance or
population bottlenecks could have a greater effect on levels of genetic variation within
populations, obscuring any contribution by gene flow. Evidence from this study shows strong
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correlation between regional heterogeneity and genetic variance in lodgepole pine (r2 ~ 20%),
suggesting that gene flow and heterogeneous selection are making significant contributions to
levels of genetic variance within populations.
As this inference is based on correlation, however, there are two possible alternate explanations
that should be addressed. Firstly, it is possible that temporal heterogeneity is responsible for
maintaining diversity within populations (as per Bürger and Gimelfarb 2002). If areas that are
more spatially heterogeneous are also more temporally heterogeneous, then it would be
impossible to evaluate which of these factors is maintaining diversity with the correlation-based
approach used here. There is good reason to suspect that temporal and spatial heterogeneity in
climate would not be well correlated, because other factors such as continentality and oceanic
currents can influence temporal variations in climate without correlation to spatial influences
such as altitude. At the present time, howeve r, there are no long-term climatic records available
at a sufficiently fine spatial scale, so this alternate hypothesis cannot be conclusively rejected.
As a second explanation, it is possible that environments within populations are also
heterogeneous and that variance within populations is the product of micro-environmental
adaptation in their immediate environment. If areas that are regionally heterogeneous also tend to
be more heterogeneous at this small scale within populations, then correlations with regional
heterogeneity could be an artifact, as described above with respect to temporal heterogeneity.
Because the datasets we used are interpolated on a coarse 1 km x 1 km scale, they are
inappropriate for estimating fine-scale heterogeneity and testing this alternate hypothesis. While
local adaptation in Douglas fir (Pseudotsuga menziesii) has been found over changes in altitude
of only a few hundred meters (Campbell 1979), sampling for the establishment of common
gardens in this experiment was conducted over small areas (~1 km2 ) and care was taken to avoid
sampling over obvious sources of environmental variation within a population. Thus, although it
was not possible to conclusively test that variance was not being maintained by microenvironmental adaptation within populations, this seems an unlikely explanation for the
correlations found in this study.
While theoretically possible, these alternate explanations are less likely than the suggestion that
gene flow and regional heterogeneity maintain diversity within populations. Local adaptation has
been demonstrated (Yang et al. 1996; Rehfeldt et al. 1999; Wu and Ying 2004), and gene flow in
lodgepole pine is extensive (Perry 1978), so some effect of gene flow on levels of variance is
expected. Assuming that our interpretation is correct, gene flow and regional heterogeneity
explain approximately 20% of the variation in diversity within the seed bank of populations of
lodgepole pine. In fact, due to the potential for errors in the heterogeneity modeling and
estimation of genetic variance, the true correlation may be considerably stronger.
This evidence suggests that gene flow and heterogeneity play an important role in maintaining
genetic variance, but how general is this effect? Under what conditions would we expect to see
maintenance of variation by environmental heterogeneity and gene flow in other species? Firstly,
natural selection must be strong enough to maintain variation in trait means between populations
in spite of gene flow. Secondly, for the increase in variance to be significant, there must be
considerable spatial variation in the optimum trait within the effective range of gene flow. Linear
cline models show how the environment must change over a ‘characteristic length’ defined by
the strength of selection and distance of gene flow for selection to maintain localized adaptations
(Slatkin 1978; Barton 1999). Assuming there is some analogous threshold in more complex
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heterogeneous environments, there will be some scale of change in environment below which
local adaptations are not maintained and genetic variance is unaffected by migration-selection
balance. Lodgepole pine is an ideal species in which to detect such an effect, as it has extensive
gene flow and inhabits both heterogeneous mountain environments and homogenous plateaus.
It remains to be seen whether migration-selection balance plays a significant role in other
species, where gene flow is limited and/or environments are more uniform. Unfortunately, the
method used here is only applicable when there is substantial variation in the regional
heterogeneity; tests based on correlation are powerless to detect an effect when all populations
experience equal conditions. It is worth noting that if migration-selection balance plays a
significant role in driving levels of diversity, the common statistical assumption of homogeneity
of variances across populations may not be warranted when they inhabit environments with
different levels of heterogeneity.
Most studies of the impact of gene flow on genetic structure within populations have focused on
its maladaptive consequences. Empirical studies have described the impacts of migration load
(eg. Storfer and Sih 1998), gene swamping (eg. Raymond and Marquine 1994), and outbreeding
depression (eg. Price and Waser 1979), while theoretical studies have noted the limits to local
adaptation (eg. Kirkpatrick and Barton 1997). Here, we have found evidence suggesting that
variance within populations can be maintained by gene flow without homogenizing local
adaptations and eliminating diversity between populations. While populations of lodgepole pine
are not always perfectly locally adapted (Wu and Ying 2004), they are able to persist under this
genetic load and even maintain ecological dominance. Although genetic load is always
maladaptive in environments that do not change over time, genetic variance is necessary for any
response to selection (Fisher 1930); thus, genetic load may be beneficial in times of rapid
environmental change.
While both mutation and migration can increase variance, migrant alleles from neighbouring
populations with slightly different environments are more likely to be adaptive to slight temporal
variations in environment than random mutations generated de novo. For example, if two
populations inhabit wet and dry environments respectively, and climatic change causes these
habitats to reverse their characteristics, allelic variation maintained by gene flow would be
inherently adaptive to the novel change, whereas alleles generated by mutation would often be
maladaptive. If migration-selection balance proves to be a widespread and significant factor
maintaining variation in quantitative traits, it will be important to consider environmental
heterogeneity and gene flow when evaluating conservation and management options, especially
when considering adaptation to climatic change. Generally speaking, conserving both
heterogeneous landscapes and historical levels of gene flow should maintain diversity within and
between populations.
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Is climate at collection site useful for the rapid assessment of diversity in wildspecies germplasm collections? Comparative analysis of different approaches
for germplasm characterization
Meike S. Andersson, Andy Jarvis, Michael Peters and Rainer Schultze-Kraft
(In collaboration with colleagues of the University of Hohenheim)
Introduction
Knowledge about the extent and distribution of diversity in germplasm collections is crucial for
their efficient conservation and use. In the context of ex situ conservation, the assessment of
diversity is particularly important because it allows the identification of duplicate accessions, the
stratification of collections into groups with similar characteristics and subsequent creation of
core collections, which in turn facilitates the selection of accessions for further evaluation and
plant improvement. Furthermore, the assessment of diversity in collections and the study of
population structure allow conclusions about a number of parameters important for in situ
conservation, for example the amount of diversity present in a population, effective population
size, minimum population size required for survival, extent of gene flow, gene drift and
hybridisation.
Conventionally, the assessment of variability is largely based on agronomic characteristics and
morphological descriptors which, however, only provide a crude estimate of real diversity
because of complex genotype x environment interactions. These germplasm characterization
methods are both time-consuming and labour- intensive, particularly in the case of perennial
species. Molecular markers detect variation at the DNA sequence level and can be a useful tool
for assessing genetic diversity, but their application is often limited, especially for little-known
species (e.g. wild species). There is a need for methods of rapid diversity assessment of
germplasm collections, to better conserve and stimulate wider use of plant genetic resources.
Intra-specific diversity is influenced by the geographical origin of germplasm accessions due to
adaptation to different environment conditions (climatic and edaphic, principally) and isolationby-distance. Indeed, geographical distribution can account for much of the observed genetic
variation in wild plant species, meaning that the climate at the collection site may provide a
useful alternative for explaining variability in plant collections. Geographic information systems
(GIS) can be used to link spatial bioclimatic information to the geographical origin of germplasm
accessions to understand the environmental adaptations of different populations and thus
describe some of the intra-specific diversity of species.
Analyses were made on a dataset of the perennial wild legume Flemingia macrophylla. This
drought tolerant shrub is adapted to acid, low-fertility soils in the sub-humid and humid tropics.
It can grow up to 3 m high and is used as dry season forage supplementation, live soil cover or
mulch, erosion barrier hedge, shade-providing shrub in young coffee and cocoa plantations, and
as firewood.
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The objectives of the study were:
To compare different approaches for assessing diversity in the perennial, wild legume Flemingia
macrophylla based on morphological traits, agronomic and forage quality traits, and
molecular markers, and
To analyse if the climate at collection site can be used as an alternative for explaining the
variability captured in the aforementioned measures of diversity.
The first objective was designed to assess the usefulness and efficiency of different means of
describing diversity in collections. The second objective was to assess a possible surrogate
measure of diversity in plant germplasm collections using the climate at the collection site as an
indicator of the diversity expressed in the conventional characterization approaches.
Materials and methods
Flemingia macrophylla germplasm: The world collection of F. macrophylla comprises about 70
accessions and is held by CIAT. Most accessions originate from Southeast Asia although some
were collected in tropical America and Africa (but are probably derived from introduced
Southeast Asian material). In the present study, a set of 62 F. macrophylla accessions was used,
for which information was available on geographic origin, morphological, agronomic and forage
quality traits, and molecular markers. In addition, five accessions of F. stricta were included,
since a RAPD study had shown that these were genetically very similar to F. macrophylla.
Geographic origin: Geographic origin information (longitude, latitude and altitude) was extracted
from the CIAT Germplasm Database. Collection sites were located by recording the distance
(km) to the nearest village or town. Subsequently, the location was identified on road maps, and
coordinates were manually calculated.
Morphological and agronomic characterization: The trials for the assessment of morphological,
agronomic and forage quality traits were conducted at the CIAT-Quilichao Experimental Station
(03?06' N, 76?31' W; 990 masl). The average annual temperature is 23 ?C, with an average
annual rainfall of 1800 mm, distributed in a bimodal pattern with two generally well-pronounced
rainy seasons from March to June and from September to December. The soil characteristics of
the experimental plot (Ultisol) were pH 5.3, 76% Al saturation, medium P (6 ppm Bray II) and
high organic matter content (7.4%). Eleven morphological, and seven agronomic and forage
quality traits were recorded.
Molecular marker analysis (RAPD): Young leaves of three plants per accession were harvested
in the field just before reaching fully developed size and bulked. DNA was extracted and RAPD
analysis carried out. Genetic similarity amo ng all pairs of genotypes was estimated by means of
the Nei and Li similarity coefficient, which is based on the proportion of shared alleles: GS(i,j) =
2Nij / (2Nij + Ni + Nj), where Nij is the number of bands shared by both samples, Ni is the number
of bands present in i and absent in j, and Nj is the number of bands present in j and absent in i.
Bioclimatic data: Twenty bioclimatic variables were calculated from data in the WorldClim
database (http://biogeo.berkeley.edu/worldclim/worldclim.htm), including the rainfall
seasonality index and the number of consecutive months with less than 60 mm rainfall (Table 1).
Although many of the variables are similar to each other, each captures different environmental
conditions.
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Data analysis: Objective 1 is concerned with comparing the different conventional
characterization approaches (morphological, agronomic, and molecular marker) to assess the
degree of concordance in the variability captured by each method. The morphological and
agronomic characterization data consist of multiple traits, all of which represent potentially
important intra-specific variability, whilst the molecular marker data consist of a pairwise
similarity matrix. Since the objective is to assess overall intra-specific variability, a multivariate
approach was taken rather than a trait-by-trait approach. To compare the multivariate similarity,
a matrix of pairwise multivariate similarity was produced for the morphological and agronomic
data and Mantel tests were applied between each pair of methods (morphological vs. agronomic,
agronomic vs. molecular marker and morphological vs. molecular marker) to determine if pairs
of accessions identified to be similar using one characterization approach were also identified to
be similar using another characterization approach.
Objective 2 was also addressed using Mantel tests, this time testing the association between
pairwise similarity in morphological, agronomic and molecular marker traits, and the climatic
distance on a variable-by-variable basis. For each of the 20 bioclimatic variables, pairwise
comparisons with the multivariate characterization traits were made to identify the climatic
variables most important in driving variability captured using the characterization approach. For
the bioclimatic variables found to be most significant, standard correlation tests were performed
between the bioclimatic condition at collection site and specific traits of importance to
understand the nature of the relationship. Thus if the Mantel test confirmed that difference in
rainfall was associated with difference in agronomic traits, rainfall was then correlated with
specific agronomic variables.
Mantel tests were also applied between multivariate bioclimatic dissimilarity and multivariate
dissimilarity in each of the characterization studies. This was to understand the percentage of
variability explained by climate in general for evaluating the potential of using climate at
collection site as a method for rapid assessment in germplasm characterization.
Finally, an experiment was performed to examine the validity of using climate at collection site
to pre-screen and select a subset of accessions in a collection for more detailed and costly
morphological, agronomic and/or molecular marker characterization. Dry season dry matter
(DM) production, dry season in vitro dry matter digestibility (IVDMD), and the number of days
to first flowering and summary statistics were calculated (mean, range, and coefficient of
variation) for the whole collection and three selections of 10 accessions made either at random or
to sample the components of the principal components analysis.
Results and discussion
Correspondence between morphological, agronomic and RAPD marker data: All three
approaches for assessing diversity produced well-correlated estimates of similarity (Figures 1AC). Moderate but significant correlations were found between dissimilarities obtained by
morphological and agronomic (r = 0.49, P < 0.05), morphological and molecular marker (r =
0.40, P < 0.05), and agronomic and molecular marker data (r = 0.35, P < 0.05). The relationship
of dissimilarities estimated by morphological and agronomic traits was particularly
homogeneous (Figure 1A). Plotting of dissimilarities estimated by molecular markers on the one
hand, and morphological (Figure 1B) or agronomic (Figure 1C) traits on the other hand, showed
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a highly clustered distribution pattern, with
groups of accession pairs having very high and
others very lo w genetic similarities.
RAPD analysis of F. macrophylla accessions is
useful to identify aggregation of accessions to a
morphotype. However, even among genetic
“duplicates”
(genetic
similarity
> 95%)
variability was high in terms of agronomically
important traits such as DM production and
IVDMD. These findings are confirmed by the
results of the present study, which demonstrate
that genetic analysis with RAPDs does not
provide information about the fine-scale
variability within morphotypes in terms of
morphological or agronomic traits. It thus cannot
substitute time- and cost- intensive field
evaluations, and conventional agronomic
evaluation will continue to be necessary to
identify agronomically promising accessions in
F. macrophylla.

Figure 1. Relationship between
dissimilarities among 62 Flemingia
macrophylla and five F. stricta
accessions estimated by conventional
characterization approaches (A,
morphological; B, agronomic; and C,
genetic; P < 0.05)

Comparison of climate at collection site with
conventional characterization approaches: The
dissimilarity matrix based on GIS-derived
climate variables was significantly correlated
with the dissimilarity matrices based on
morphological, agronomic and molecular marker
data (Table 1). Factors that involved aspects of
seasonality generally had the strongest
correlations, e.g., whereas dissimilarities that
referred to means of temperature or precipitation
had the weakest correlations. Again, the
correlations between climatic variables and
molecular
markers
disappeared
almost
completely when each of the four genetic clusters
was analysed separately. The only exception was
cluster B, which continued to be significantly
correlated with Markham rainfall seasonality,
isothermality, precipitation of driest period and
wettest quarter, and consecutive months with
rainfall < 60 mm.
Despite 40 significant correlations (above the
95% confidence level) between pairwise
similarity in the bioclimatic factors and the three
characterization approaches (out of a total of 63
Mantel tests), these correlations only account for
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4 to 12% of variability in the characterization data, leaving most of the variability unaccounted
for based on climate alone. A number of other factors interplay in generating and maintaining
intra-specific variability including environmental history, biotic factors, plasticity and complex
genotype x environment interactions, not to mention other environmental variables not studied
here such as soil and solar radiation receipt.
The highest correlations were found with variables related to temporal variability in climate for
both precipitation and temperature, with absolute values of precipitation and temperature
explaining very little variability (especially in agronomic traits). Highly significant correlations
indicate that greater DM production was found in germplasm from sites with low levels of
seasonality in both temperature and precipitation. Correlations with seed production were
considerably lower than those with DM produc tion since seed production is influenced by a
variety of other environmental and biotic factors that determine flowering induction and
flowering intensity.
Table 1. Significant correlations (r) between cophenetic matrices of 20 bioclimatic variables and
morphological, agronomic and genetic traits, assessed for a collection of 62 Flemingia
macrophylla and five F. stricta accessions

Variables
Mean annual temperature
Mean diurnal range
Isothermality
Temperature seasonality
Max temp of warmest period
Min temp of coldest period
Temperature annual range
Mean temp of wettest quarter
Mean temp of driest quarter
Mean temp of warmest quarter
Mean temp of coldest quarter
Annual precipitation
Precipitation of wettest period
Precipitation of driest period
Precipitation of wettest quarter
Precipitation of driest quarter
Precipitation of warmest quarter
Precipitation of coldest quarter
Markham rainfall seasonality
Consecutive months < 60 mm

Morphological Agronomic
dissimilarity
dissimilarity
0.15*
0.27**
0.19**

0.13*
0.20**
0.21**

0.24*
0.25*
0.22*

0.19**
0.34**

0.24*
0.15*

0.09*

Genetic
dissimilarity
0.19**
0.14**
0.28**
0.23**
0.18**
0.22**
0.24**
0.18**
0.17**
0.22**
0.22**
0.12**

0.20*

0.14**

0.22**

0.17**

0.23**
0.17**

0.25**
0.23**

0.14**
0.26**
0.23**

* P < 0.05; ** P < 0.01

In general, the differences in climatic traits correlated well with the variability captured by the
conventional characterization approaches. This indicates that climate at collection site explains a
low but statistically significant 4 to 12% of intra-specific diversity captured using conventional
methods. Given that there is low concordance in the variability explained between existing
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characterization approaches (12 to 24% variability explained between agronomic, morphological
and molecular marker characterizations), climate at collection site therefore offers an efficient
and inexpensive preliminary means of characterising germplasm accessions.
Conclusions
The significance of the results is two- fold. Firstly, rapid assessment of a collection using the
climate at collection site provides a statistically significant surrogate of intra-specific diversity,
especially in the absence of resources for detailed characterization based on field trials or
laboratory analyses. However, this only provides an idea of similarity between accession-pairs,
and provides little information directly relevant for plant improvement, that is, it provides
information that a particular accession is highly different from another particular accession, but
provides little information as to how it is different in terms of morphological, agronomic or
molecular marker traits. As a pre-screening method it could select representative accessions to
reduce the number of samples for more intensive conventional characterization approaches. In
the absence of explicit knowledge about the traits in a germplasm collection, the objective for the
selection of a subset or core collection should be to capture a representative level of variability
contained in the complete collection.
Secondly, the climatic characterization provides insight into the adaptation of a species, defining
where the species may be well adapted for introduction regarding climate (assuming that biotic
and edaphic conditions are also similar). It is also possible to extract generalities in plant
performance in useful traits across climatic gradients to identify accessions with specific
qualities in terms of climatic adaptation. This allows the selection of specific accessions for the
evaluation of genotype x environment interactions and for plant improvement programmes, as
well as the targeting of fut ure collection missions for specific use purposes and/or gap filling.
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Exploring opportunities for high value crops: Spatial genotype by
environment and economic analysis for cowpeas in tropical hillsides of Cauca
K. Atzmanstorfer, T. Blaschke, D. White, T. Oberthür, G. Escobar,
L.H. Franco, M. Peters and G. Ramirez
(In collaboration with colleagues of University of Salzburg)
Sources of funding: German Federal Ministry for Economic Cooperation BMZ; Austrian
Finance Ministry
Introduction
Cowpea, Vigna unguiculata (L.) Walp., one of the most widely grown legumes in tropical and
subtropical regions, is of major importance to the livelihoods of millions of poor people,
especially in Africa and China (Peréz-López et al., 2003; Singh et al., 1997). It is usually grown
as a companion or relay crop with major cereals. Development of new, insect- and pest-resistant
varieties with shorter harvest cycles have contributed to its increased cultivation over the last
decade (Tarawali et al., 1997). Apart from providing inexpensive and nutritious food (grain,
pods), this annual multi-purpose legume, gives excellent forage (grain concentrate, leaves and
haulm) and could be used for making hay and silage. Farmers can obtain additional agronomic
and environmental benefits to their farmlands using cowpea as green manure. The plant
improves soil quality by fixing soil nitrogen; it is drought and heat resistant, and as a fastgrowing ground-cover plant it can prevent erosion (Quin, 1997; Cook et al., 2005).
Forage seed and leaf meals produced from cowpea may be a promising economic alternative for
many smallholders in marginal coffee-growing areas in the tropical hillsides of Latin America
and the Caribbean (LAC) at an altitude of 1000 – 1500 m. Coffee cultivated in these altitudes
normally cannot compete with coffee produced in higher-altitude areas in terms of quality, and
therefore relies on the highly volatile markets for volume coffees (Gresser and Tickell, 2000).
Currently cowpea is not widely grown in most of Colombia or other LAC tropical hillsides, and
if is grown, it is used mainly for human consumption (Reiber, 2004). Very scarce evidence exists
of its use as a forage plant in LAC and less regarding its use as an input to commercial feeds and
its production potential. Moreover its performance in the hillside eco-region is not yet fully
understood.
The objectives of this project are:
To identify optimal growing areas by examining the effects of environmental conditions on
cowpea production performance, and
To estimate financial viability of cowpea as a component of animal feed concentrates.
We are using the Cauca Department, Colombia as a case study area.
Materials and Methods
As a first step, a spatial genotype by environment analysis is being conducted,
relatingperformance of cowpea trials to specific environmental factors (climate, topography, soil
and hydrology). This analysis is based on geographic information systems (GIS):
To describe the environments in which the trials are conducted, and
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To identify areas in marginal coffee growing regions of Cauca with similar environmental
conditions to those of the trial sites.
These data are required to estimate the potential area for cowpea production and hence the
potential quantity available for sale to the animal feed industry. The spatial analysis tool we use
is the Crop Niche Selection Tool for Tropical Agriculture (CaNaSTA), a GIS-based prediction
model using Bayesian probability statistics to identify environmental niches (O’Brien et al.,
2002).
A complementary financial analysis will be carried out to determine yield—price—profit
thresholds using the trial data. Results will enable farmers and the animal- feed industry to
determine the financial feasibility for commercial use of cowpea as a component of animal feed.
For large-scale production, cowpea needs to be competitive with alternative feeds such as
imported soya. Nevertheless, the production of cowpea may also be attractive to farmers during
the fallow period of coffee plots. Both financial bene fits of cowpea and its effect on coffee
systems will be estimated.
In the first cultivation period, we established three cowpea accessions (DICTA 9611, IITA 5234
and IITA 1088-4) at five sites located in contrasting landscape positions in the department of
Cauca 2 in May 2005 (Figure 1). Trial sites were 2100 m2 each - an area big enough to give
economically- valid and farm-size agronomic data. According to topography each site was
divided into three plots: an upper, middle and lower plot. Eeach accession was sown on
approximately 700 m2 according to the gradient. Seeds were sown each 10 cm with 0.5 m
between rows. The plots were fertilized with 50 kg/ha of P2 O5 , 50 kg of K2 O, 20 kg of S and 20
kg of Mg. Weed control was carried out manually, no chemicals were used. Plant emergence,
plant vigor, cover, and incident of pest and diseases and dry matter yields were measured 8
weeks after planting. The harvest of grain was carried out at 13 weeks. Soil samples were taken
and analyzed for each plot.
We carried out a second trial from November 2005 to February 2006. Cowpea accessions
DICTA 9611 and IITA 1069-6 were sown at four different sites in Cauca 3 . In addition, a
complete sample of all accessions used in the analysis (DICTA 9611, IITA 1088-4, IITA 5234,
IITA 1069-6), was simulated at four new sites in the departments of Nariño and Valle de Cauca.
Yield results of these trials will be available in March 2006. Furthermore, we obtained more data
on grain production of DICTA 9611, IITA 1088-4 and IITA 5234 accessions for a total of 11
different sites in Cauca, Valle de Cauca, Honduras and Nicaragua from the literature.
Results and Discussion
We present data from the first trial, carried out between May and August 2005. Only grain yield
data were analyzed and will be used for further spatial and economic analyses. Due to a severe
insect attack on one site and problems with one collaborating farmer, complete data were only
available for three sites, El Tablón, CIAN and Señor Manuel Trujillo.
2

3

Indigenous community of El Tablón, Municipality of Caloto; Centro Indígena de Investigación Agroambiental del
Nilo (CIAN), Municipality of Caloto; Señor Eduard Mina, Municipality of Suárez; Señor Manuel Trujillo,
Municipality of Caldono; Señor Jesús Antonio Alvarez, Municipality of Mondomo.
We repeated cowpea cultivation at El Tablón, Señor Manuel Trujillo and Señor Eduard Mina trial site; as an
additional site we selected the farm of Señor Laurentino Basto (Municipality of Santander de Quilichao, 1409 m).
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Figure 1. Grain yield production of cowpea in two sites: (A) CIAN and (B) El Tablón.
The highest grain yields were obtained on the relatively low altitude El Tablón and CIAN sites
with a mean grain yield over all accessions of 1388 kg/ha and 599 kg/ha, respectively. The trial
site of Señor Manuel Trujillo, characterized by higher altitude, higher rainfall, but lower
temperature and less fertile soils had the lowest yields. Best yielding accessions for all three sites
were IITA 5234 (1047 kg/ha) and DICTA 9611 (865 kg/ha 3 ), compared with 557 kg/ha for IITA
1088-4. DICTA 9611 gave the highest yield (1735 kg/ha), followed by IITA 5234 (1453 kg/ha),
both on the El Tablón site (Table 1).
Table 1. Grain yields of three accessions of cowpea grown at contrasting sites in Cauca
department
Trial site/
Accession
El Tablón
CIAN
Manuel Trujillo
Mean

Altitude
(masl)
1138
1109
1558
-

Grain yield (kg/ ha)

5234
1453
962
725
1047

9611
1735
543 3
317
865

1088-4
976
292
402
557

Mean
1388
599 3
481
-

Financial analysis: Market returns were estimated for each trial site. Assuming that cowpea is
sold at the same market price for soybean meal of US$0.19-0.23/kilo (USDA-price forecast for
soybean meal for 2005/06), the maximum revenue would be around US$217 - 261 per ha
cultivated cowpea for the best performing trial site, El Tablón (calculated for the mean grain
yield over all accessions).
Spatial analysis: We identified and prepared data for 15 different environmental factors:
(i) Climatic factors (annual average temperature, annual precipitation, diurnal
temperature range, dry months, insolation, dewpoint),
(ii) Topographic factors (elevation, aspect, slope),
Factors related to soil and Factors related to hydrology.
3

DICTA 9611 on the CIAN trial site suffered from a severe ant attack; this has to be considered when interpreting
grain yield data
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For modeling varying niche environments more accurately, we focused on small- scale analyses.
At this scale, soil is probably the most important factor controlling cowpea adaptation. The most
challenging task was to identify indices for (iii) soil characteristics, as soil maps are not available
for Cauca at a large enough scale to represent local soil heterogeneity. To approximate the study
area’s real soil composition we used the Instituto Geográfica Augustín Codazzi (IGAC, the
Colombian Institute of Geography) soil map (1:500 000, 1981) as well as the geological map of
the Colombian Ministry of Mines and Energy (1:250 000, 1978).
We assigned the soil data for each site as the CaNaSTA model’s predictor variables. Since no
corresponding spatial soil information is available for the study area, we cannot use these soil
data to estimate the yield potential of cowpea in other likely growing areas. But still CaNaSTA
can make non-spatial predictions for cowpea adaptation to some soil characteristics based on this
site-specific information. Since (iv) hydrological factors play an important role in the local
composition of soil, we also derived four hydrologic indices (topographic wetness index, slopelength factor, plan curvature and profile curvature) from topography and integrated them into the
model.
Applying the CaNaSTA methodology, we prepared raster grids with a resolution of 90m for all
the environmental factors above. The area extent of the analysis using ArcGIS 9.0 and DIVAGIS software was the Colombian departments of Cauca, Valle de Cauca and Nariño together
with Honduras and Nicaragua.
By analysing available production data, we shall use CaNaSTA to map the following parameters:
?? The adaptation of different cowpea accessions to different environmental conditions by
measuring the probability of achieving categories of grain yield under specific environmental
conditions. The mapped environmental factors will serve as the model’s predictor variables
while the model’s response variable will be grain yield. Different accession will be analysed
separately and together.
?? The reliability of the prediction based on the number of trial data entries.
?? The stability of cowpea adaptation in case of changing environmental conditions.
?? The likelihoods of categories of grain yield being achieved for each accession at each
location
CaNaSTA will also be used to select the best cowpea accession for each location and will
indicate the most important environmental factors controlling grain production in cowpea. This
work will be completed by June 2006. The analysis can then readily be extended to other
regions of Colombia in the future.

46

References
Collet, L. 2006. Preparation of evidence layers for CaNaSTA analysis. Annual Report 2006,
CIAT Land Use Project.
Cook, B.G., Pengelly, B.C., Brown, S.D., Donnelly, J.L., Eagles, D.A., Franco, M.A., Hanson,
J., Mullen, B.F., Partridge, I.J., Peters, M. and Schultze-Kraft, R. 2005. Tropical forages:
An interactive selection tool. [CD-ROM], CSIRO, DPI&F, CIAT and ILRI, Brisbane.
Gresser, C. and Tickell, S. 2002. Mugged – Poverty in your cup. Oxfam International. Report
online www.maketradefair.com/assets/english/mugged.pdf.
O’Brien, R. 2004. Spatial decision support for selecting tropical crops and forages in uncertain
environments. PhD-thesis. Curtin University of Technology. pp. 131-158.
O’Brien, R., Cook, S., Peters, M., Corner, R. 2002. Targeting forages to niches at farm scale
using GIS, socio-economic data and expert knowledge. Paper presented at the Sixth
Annual Conference on Precision Agriculture and Other Precision Resources
Management, 14-17 July 2002. Minneapolis, MN.
Peréz-López, O., Peréz-Bonna, R.A., Guzmán, G. and Mojica-Rodruígez, J.E. 2003. Cultivos
para alimentación animal en sistemas de producción bovina de la Orinoquia colombiana.
Boletín Técnico, No. 44, Copublication of Corpoica, Ministerio de Agricultura y
Desarrollo Rural de Colombia and CIAT, Bogotá. pp. 29–33.
Reiber, C. 2004. Potential and constraints of cowpea (Vigna unguiculata) in Hondurian hillsides.
Master Thesis. University of Hohenheim. pp. 28-35.
Singh, B.B., Chambliss, O.L. and Sharma, B. 1997. Recent advances in cowpea breeding. In:
Advances in Cowpea Research. Singh, B.B., D.R. Mohan Raj, K.E. Dashiell and Jackai,
L.E.N. (eds.) Co-Publication of International Institute of Tropical Agriculture (IITA) and
Japan International Research Center for Agricultural Sciences (JIRCAS). Ibadan. pp. 3050.
Tarawali, S.A., Singh, B.B., Peters, M. and Blade, S.F. 1997. Cowpea haulms as fodder. In:
Advances in Cowpea Research. Singh, B.B., D.R. Mohan Raj, K.E. Dashiell and Jackai,
L.E.N. (eds.) Co-Publication of International Institute of Tropical Agriculture (IITA) and
Japan International Research Center for Agricultural Sciences (JIRCAS). Ibadan. pp.
313-326.
Quin, F.M. 1997. Introduction. In: Advances in Cowpea Research. Singh, B.B., D.R. Mohan Raj,
K.E. Dashiell and Jackai, L.E.N. (eds.) Co-Publication of International Institute of
Tropical Agriculture (IITA) and Japan International Research Center for Agricultural
Sciences (JIRCAS). Ibadan. pp. ix-xv.

47

THEME 2: LAND USE CHANGE ENVIRONMENTAL SERVICES
Theme 2. Analysis and facilitation of system services and system functions that are related land
use and land use change in tropical developing countries.
Output theme 2: Indicators of opportunities, risk, resilience and vulnerability of tropical
agricultural systems. The objective is to facilitate improved allocation of land to uses that
benefit environmental service functions. Indicators of opportunities, risk, resilience and
vulnerability of tropical agricultural systems that are used within services that lead to improved
land use.
Background and focus of theme 2: Analyses of biophysical and socio-economic functions of
landscapes. Parameters for the provision of environmental services related to agro-biodiversity
and agricultural water resources. We note that environmental services provide not just social
benefits, but also services that are economically valuable and that rural communities have every
right to charge for so as to provide incentives and increase rural income.
Reporting 2005 under theme 2: The Annual Report 2005 provides information on:
Assessment of food security and poverty maps by Hyman et al.
Nitrate and phosphate contamination in Lake Fuquene by Rubiano et al.
Spatial variation of food poverty in Ecuador by Farrow et al.
Paramos of the northern Andes by Suárez Cadavid and Rubiano
CPWF Basin Focal Projects by Cook
Risk mapping for FAO farmers' field schools, Kenya by Farrow
Coffee system classification by Bolaños et al.
Overcoming land degradation to mitigate deforestation in the humid tropics by White et al.
Carbon trading as a component of restoring degraded lands by Rondon et al.
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Review and assessment of food security and poverty maps for understanding
socioeconomic dimensions of agriculture and natural resources
Glenn Hyman, Liliana Perez, German Lema
Abstract
This report reviews three types of poverty and food security information that we have collected –
basic needs indictors, the human development index, and measures of household consumption
for small administrative areas. We assess the compatibility between different indicators and their
potential for use in studies of land use, agriculture and natural resources management.
The poverty and food security indicators that we examined are roughly comparable with respect
to showing broad geographic patterns across a country. However, a simulation of a hypothetical
transfer of development funds at a municipality level differed widely depending on the indicator
used. We conclude that any program targeted geographically should carry out a simulation to
ensure that the outcome is consistent with the objectives.
Introduction
The Consultative Group on International Agricultural Research (CGIAR) has increased its focus
on poverty and food security over the last decade (Hyman et al., 2005). The changing emphasis
responds to improvements in overall agricultural production and the recognition that many areas
did not receive the benefits of the Green Revolution. Many clients of the CGIAR solved national
agricultural production problems in the 1970’s and 1980’s. But many people in developing
countries remained poor and food insecure. Analysts in the CGIAR and others have recognized
the potential of geographically targeted development programs to more efficiently addressing
poverty (Baker and Grosh, 1994; Bigman et al., 2000; Bigman and Fofack, 2000; Pachico et al.,
2000).
The new emphasis created several challenges to analysts in the CGIAR. Where are the poor and
food insecure? What are the best methods for understanding the geographic dimensions of
poverty and food insecurity? What poverty indicators should we use? Are poverty and food
security indicators available at spatial resolutions that would permit us to study them in the
context of agriculture and natural resources? How do we deal with problems of insufficient data?
During the last several years, CIAT’s Land Use project has led initiatives to address these
questions. The research has included the collection of a wide range of data on poverty and food
security for Latin America, Africa and Asia. The research culminated in an international
conference on this topic in 2004 and the publication of a special double issue of the journal Food
Policy in 2005 (Amarasinghe et al., 2005; Bellon et al., 2005; Benson et al., 2005; Farrow et al.,
2005; Kam et al., 2005; Kristjanson et al., 2005; Minot and Baulch, 2005).
This report reviews three types of poverty and food security information that we have collected –
basic needs indictors, the human development index, and measures of household consumption
for small administrative areas. We assess the compatibility between different indicators and their
potential for use in studies of land use, agriculture and natural resources management.
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Review of poverty mapping methods
Poverty maps of unsatisfied basic needs indicators in Latin America
In the late 1970’s the United Nation’s Economic Commission for Latin America and the
Caribbean (ECLAC) developed and promoted the concept of unsatisfied basic needs (UBN) as
indictors of poverty for the region (Feres and Mancero, 2001). Several countries adopted the
approach in the 1980s, and most Latin American countries used the method in conjunction with
the 1990 and 2000 census rounds. More recently, Schuschny and Gallopin (2004) produced
region-wide maps of UBN to analyze poverty and the environment in the region.
Table 1. The basic needs and related variables found in the census. Adapted and
modified from Feres and Mancero (2001)
Basic Needs
Dimensions
Census variables
Housing
conditions

• quality of shelter
• size of house in relation
to number of people
living there

Access to sanitary • availability of potable
services
water
• system for elimination
of human wastes
Access to
Enrollment of school-age
education
children in school
Economic
Probability of income
capacity
sufficiency of household

• Construction materials used in the
floor, walls and roof
• Number of persons in the
household; number of rooms in
the household
• Water source in the household
• System for elimination of human
wastes
•
•
•
•
•

Age of household members
School attendance
Age of household members
Highest educational level reached
Number of persons in the
household
• Condition of economic activity of
head of household

UBN are measures of goods, services or conditions that are present or absent in a household.
These characteristics are associated with wellbeing. They are referred to as direct measures of
poverty since they can be measured straightforwardly from factors requiring little or no
interpretation. In Latin America, most countries use measures of household conditions, access to
sanitary services, access to education and economic capacity of the household (Table 1).
For each of the variables in Table 1, criteria are chosen that indicate whether a household is
considered lacking or not in a basic need. For example, roofing materials such as branches and
leaves may be considered lacking the basic need for adequate shelter. Households without indoor
toilets for removing human wastes may be considered lacking in the basic need of sanitary
services. Other criteria are assigned to each of the basic needs in Table 1. Feres and Mancero
(2001) explain these criteria in detail. UBN indicators are usually correlated with wellbeing,
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consumption and income. Statistical associations have also been found with nutritional status
(Montilva et al., 2003).
Typically UBN indicators are reported for administrative units as the proportion of households
that have one, two, three or four basic needs unmet. Schuschny and Gallopin (2004) mapped a
poverty intensity indicator based on weighted averages of the percentage of households with one,
two, three and four UBNs. They also calculated the density of population with UBN.
The application of the UBN method has both beneficial aspects and limitations (Katzman, 1996).
On the positive side, the indicators can be calculated from typical census data. Since the
questions are direct, it would be relatively easy to add questions to a census program. The
greatest advantage of the UBN method is that it yields geographically disaggregated data for
areas as small as the census agency is willing to report. This aspect makes the method good for
targeting development aid. The method is also stable over relatively long periods of time since
many of the indicators do not change over short time periods.
On the downside, the UBN method has some severe limitations that have led some to caution
that it is a method to characterize the population in terms of basic needs, not a poverty measure
in itself (Feres and Mancero, 2001). Users of UBN are limited by the time between census dates,
usually 10 years, but often more in many countries. UBN measures are inputs to poverty, not
outcomes. Some indicators do not work well for many types of households. For example, the
education and economic capacity measures do not work for households without children. Since a
household either has a UBN or does not, the measures cannot characterize the depth of poverty.
The method performs poorly for cases of recent poverty, where UBN has not changed, but
income and consumption may have fallen. The UBN method underestimates poverty in urban
areas since factors such as sanitary services are highly correlated according to whether a
household is rural or urban. While individual UBN can be compared in time, the composite
indicator would not tell one what are the conditions that have changed. The method also has
other limitations that one finds in other indicators. For examp le, the non-poor may receive
benefits from a targeting program in places that otherwise have high concentrations of poor
people.
Given the past use of the UBN method, it is likely that countries will continue to employ it in
future assessments. However, techniques like small area estimation and the human development
index, which have been implemented recently in Latin America, are likely to become more
widely used in the region.
Maps of the Human Development Index (HDI)
The United Nations Development Program (UNDP) has promoted the use of the human
development index (HDI) since 1990. The index has mostly been used as a tool to compare
countries and to examine changes in it over time. More recently the index has been calculated for
sub- national administrative units within countries. Recent applications for municipal
administrative units were carried out in Brazil, Bolivia and Honduras.
Typically, the HDI is a composite index that gives equal weight to indicators of health, education
and income. The health ind icator is normally life expectancy, though some countries use
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malnutrition as a substitute. The education indicator combines the literacy rate and school
enrollment statistics. The income indicator is gross domestic product (GDP) per capita. The
conventional linear scaling transformation (LST) method is applied to each component of the
index before they are added to derive the composite index.
The HDI measures both development inputs (means) and outcomes (ends). School enrollment is
an input indicator. GDP per capita and life expectancy are outcome indicators. Literacy is both
an input and outcome indicator. The HDI is relatively simple to measure and understand. The
data needed for developing the indicator are within the capacity of most countries to generate.
Despite the HDI’s simplicity and ease of understanding, the index has been the subject of
sustained criticism since its development in 1990 (Sagar and Najam, 1998; Morse, 2004). Since
it is often correlated with traditional economic indicators such as GDP per capita, some argue
that it adds little new understanding (Booysen, 2002). It does not measure characteristics like
political freedom and human rights. The HDI seems to be more directed towards generating
debate rather than as a tool for targeting resources. A comprehensive inventory of uses of the
HDI is needed similar to others done for traditional poverty indicators (Henninger and Snel,
2002)
Recent maps of the HDI have been carried out in several countries in the Latin America region.
Brazil’s mapping effort was quite comprehensive, with over 4000 districts mapped. Bolivia and
Honduras have carried important initiatives using the HDI methodology. These cases are
discussed further in the following sections.
Maps of consumption or income using small area estimation
Measures of consumption and income have traditionally been the most widely used indicators of
poverty (Foster et al., 1984). The Word Bank’s estimates of the number of people that live on
one or two dollars per day of income are prime examples of the use of these poverty indicators.
Most countries provide national estimates of the number of people below the poverty line, based
on estimates of how much households spend on basic needs. But a difficult problem of this
method has been that it relies on household surveys that are unrepresentative of local areas.
Agricultural and natural resources are all about local differences in climate, soil, topography,
culture, society and demographics. Census data could be an alternative, except that censuses do
not measure income and consumption.
In the mid-1990’s the small area estimation (SAE) technique was developed to make poverty
maps of consumption and income at fine geographic resolutions (Hentschel et al., 2000). The
method combines census and household survey data. The analyst estimates income and
consumption from the household survey. Then common variables between the survey and the
census are identified. Once a statistical relationship between the census and survey variables is
established, income or consumption estimates can be mapped on to the census data, giving us
poverty estimates at fine spatial resolutions. The SAE method can be limited by the availability
of census and survey data for the same time period and by the strength of statistical relationships
between variables. However, the method has been growing in popularity over the last several
years. Figure 1 shows an example of the SAE method applied to Ecuador. This CIAT- led study
included analysis of the food poverty line, that is the expenditures needed to buy a minimum
basket of food for maintaining adequate nutrition for the household (Farrow et al., 2005).

52

Figure 1. Food consumption poverty headcount in Ecuador, 2001
Inventory of poverty and food security maps in Land Use GIS
Catalogue of poverty data for seven countries with documentation from the CGIARFAO-UNEP project
Our web site lists the food security and poverty case-study data sets, the authors, poverty and
other socioeconomic measures included in the data sets and the administrative level of the data
(http://www.gisweb.ciat.cgiar.org/povertymapping/). Six of the studies listed on this web site use the
small area estimation (SAE) method to estimate either consumption or income. In most cases
variable names were changed to make them consistent across all countries in the set. Metadata
was corrected to reflect changes in the variable names and to show how the data could be
acquired. The data are available for download from this site.
“Basic needs unmet” and “human development index” data linked to maps of Latin American
countries.
Our poverty mapping catalogue (http://gisweb.ciat.cgiar.org/sig/socioeconomic- mapping.htm)
shows the unsatisfied basic needs (UBN) and human development index (HDI) data sets for nine
countries included in our initiative. Although the HDI data were not included in the original
work plan, we chose to include these data as they fit with the overall objectives of collecting
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different types of data sets on poverty status for the finest geographical resolution available. HDI
information was available for Honduras and Bolivia. We also acquired tabular data for the HDI
for Brazil, but were unable to link it with a digital map of administrative units.
The UBN data include nine country data sets with information from the 1990 and 2000 census
rounds in Latin America. The indicators available vary by country. Many of the countries include
the poverty intensity measure, which reflects the number of basic needs unmet in a household.
These also include the poverty density measure, which is an estimate of the number of people per
unit area that have at least one basic unmet need. Many of these data sets were acquired from
CEPAL (Shuschny and Gallopín 2004). In other cases the original indicators that make up the
UBN index are included in the data sets.
Assessment and comparison of poverty indicators
Analysis of poverty measures.
Poverty and food security maps are becoming more widely used throughout the world as poverty
receives greater attention on the world development agenda. Advances in census and survey
programs have also contributed to the greater use of poverty maps. However, it is not always
clear what the best poverty indicators are. Clearly the measures should be evaluated for quality
and utility. Poverty measures should also be assessed for their compatibility for a particular type
of intervention. For examp le, income measures may not be appropriate for health and education
interventions. How might we compare different measures for their utility and how they might
serve an exercise in geographic targeting of development resources? This report assesses the
comparability of different poverty measures and how they might affect geographic targeting
programs.
The three most common poverty measures are UBN, HDI and measures of household
consumption. The UBN method has been implemented fairly extensively in Latin America,
where it has received support from international development banks. As discussed above, the
major advantage of the UBN method is that the indicators (see Table 1) can be measured quite
easily in national censuses.
The HDI includes measure of literacy, health status and household income or consumption. The
United Nations Development Program promotes this indictor at national scales for cross-country
comparison. The indicator however can be measured for small administrative areas. The measure
is considered a broad indicator of development.
Consumption measures are often carried out in household surveys. Household expenditures are
calculated and then compared to a level judged to be the minimum to buy basic necessities. This
level is the poverty line and is usually established by a group of experts working in committee.
One problem with consumption measures is that they can only be practically acquired from
household surveys. The small area estimation technique can then be used to estimate
consumption for administrative areas. The technique draws regression relationships between
variables in the census and those in the survey in order to map consumption variables on to the
census data. There is a growing literature on this technique.
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The UBN, HDI and consumption measures have all been used in Latin America. The UBN
method is the only one that has consistently been used for all the mainland countries of the
region. Shuschny and Gallopin (2004) produced a regional map of this indicator in a study of
poverty and environment of the region. Thus far, only Brazil, Bolivia and Honduras have
published maps of the HDI. We may expect more HDI studies in the near future in Latin
America. The consumption indicator has been produced for Ecuador, Guatemala, Nicaragua,
Bolivia and Peru.
We compared the degree of association between the different variables in order to evaluate
whether the measures are broadly comparable. The following section compares HDI and UBN
measures for Honduras. We also simulate the differences in the maps by hypothetically targeting
100 million dollars to municipalities based on their HDI and UBN values. The subsequent
section examines correlations between consumption measures, UBN indicators and the HDI for
Bolivia, Nicaragua and Ecuador.
Poverty measures for Honduras
Poverty measures for Honduras were collected, mapped and compared with each other. Data was
acquired from both the 1988 and 2001 censuses. The UBN data were aggregated to village,
municipality and department levels for 1988. Given the lack of poverty data at this spatial scale,
this data set provides a unique perspective on scale effects in poverty data.
Information from the 2001 census includes several different measure of poverty, including UBN
measures, gross domestic product (GDP) per capita, the HDI and others. The calculation of GDP
per capita is shown in the catalogue that accompanies this report. However, it should be noted
that a measure of household consumption is included in this GDP indicator. We did not calculate
correlations between GDP and HDI to avoid potential endogeneity between the two data sets.
Table 2 shows the correlations coefficients for the different poverty measures for Honduras,
ranging from 0.48 to 0.60. The best correlation is between the percentage of households with
UBN and the HDI. Figure 1 shows a scatterplot of the 293 municipalities, comparing the two
measures. Where high proportions of a district have UBN, the HDI is low. This correlation
coefficient suggests that although these indicators are independently derived and measure
poverty from two wholly different sets of data, the indicators are roughly comparable. The
results give us some confidence in the two measures.
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Table 2. Correlation coefficients for Honduras poverty variables for 293
municipalities.

Parameter

Coefficient Significance

HDI vs Poverty Intensity
GDP vs Poverty Intensity
UBN (%) vs Poverty Intensity
UBN (%) vs HDI
UBN (%) vs GDP

-0.59
-0.48
0.56
-0.60
-0.53

0.0001
0.0001
0.0001
0.0001
0.0001

HONDURAS 2001 - % of Households with UBN vs HDI
1.0

0.9

% Total UBN

0.8

0.7

0.6

0.5

0.4

0.3

0.2
0.3

0.4

0.5

0.6

0.7

0.8

0.9

HDI

Figure 1. Scatterplot of 293 municipalities showing values of the human development
index (HDI) and percent of households with unmet basic needs (UBN).

Percentage
differences in
targeting program
Number of
municipalities

More than
20% less
funds

0% to 20% less
funds

0 to 20% more
funds

More than
20% more
funds

33

96

127

34

Despite the correlation between different poverty variables, cash-transfer poverty-alleviation
programs that targeted municipalities based on the values of these measures would have
substantial differences in the amount of money allocated depending on which measure is used.
Table 3 shows the number of municipalities according to percentage differences in what each
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district would receive under an HDI-based targeting program versus a UBN-based program.
More than 20 percent of the 293 municipalities of Honduras would receive 20 percent more or
less funds depending on which measure is used. 10 percent of the municipalities would see
differences of 30 percent or more in the funds they receive depending on the indicator used.
These results show the need to make sure that poverty indicators match well with the type of
intervention sought. UBN measures are best used for interventions that help people generate
income to satisfy basic needs. The HDI include information on health, education and income,
and is therefore a more robust indicator.
Poverty measure s for Bolvia, Nicaragua and Ecuador
Table 4 shows the correlation coefficients for the different poverty measures for Bolivia,
Nicaragua and Ecuador.
Of the three countries, Bolivia shows considerably higher association between variables. The
proportion of households with UBN highly correlated (-0.85) with the average level of household
consumption. We also included the rural population percentage of an administrative district.
Rural population in Bolivia correlates well with consumption, UBN and HDI.

Table 4.

Correlation coefficients comparing different poverty measures.

Parameters

Coefficient Significance

BOLIVIA
UBN vs consumption
% Rural population vs consumption
UBN vs HDI
% Rural population vs UBN
% Rural population vs HDI
NICARAGUA
Poverty density (UBN) vs Extreme poverty
Poverty density (UBN) vs Extreme poverty gap
Poverty intensity (UBN) vs Extreme poverty gap
ECUADOR
Poverty intensity vs Consumption below poverty line
Poverty intensity vs Poverty gap
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-0.77
-0.85
-0.71
0.78
-0.68

0.0001
0.0001
0.0001
0.0001
0.0001

-0.51
-0.41
0.46

0.0001
0.0001
0.0001

0.49
0.45

0.0001
0.0001

BOLIVIA 2001-- UBN vs. CONSUMPTION
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Figure 2. Scatterplot showing administrative districts in Bolivia with respect to
measures of unmet basic needs (UBN) and household consumption (per
capita income for each municipality in 2001, in US$).
Ecuador 2001 -- Poverty intensity vs. Consumption poverty line
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Figure 3. Scatterplot showing administrative districts in Ecuador with respect to
measures of unmet basic needs (UBN) and household consumption (per
capita income for each municipality in 2001, in US$).
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100

Nicaragua and Ecuador had lower measures of association. The degree of association is shown
graphically in scatterplots in figures 2, 3 and 4.
Bolivia
The percentage of poor in rural areas shows a negative correlation with both consumption (r = 0.77) and the HDI (r = -0.68), suggesting that high rural populations with poor education status
and low life expectancy are the ones where poverty is concentrated.
The Pearson correlation coefficient between percentage of poor and UBN is 0.78, indicating that
where structural deficiencies of households in rural areas increases, so does the number of rural
poor. The negative and significant correlations between UBN and the HDI (r=-0.71), as well as
consumption (r=-0.85) are consistent with the relationships mentioned above and show the same
tendencies with rural population.
Nicaragua 1998 -- Poverty Intensity (UBN) vs. Extreme Poverty
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Figure 4. Scatterplot showing administrative districts in Nicaragua with respect to
measures of unmet basic needs (UBN) and extreme poverty (the percentage
of population under the extreme poverty line of US$ 212 in 1998.)
Nicaragua
As expected, extreme poverty is correlated with the UBN poverty variables. The relationship
between poverty density (UBN) and extreme poverty (r=-0.51) indicates that where there is
greater extreme poverty, the densities of poor people tend to be comparatively low. This same
tendency is seen with between the UBN variables and the extreme poverty gap – that is a
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negative correlation with poverty density (r=-0.41, a=0.01) and a positive correlation with
poverty intensity (r=0.46,a=0.01).
Ecuador
The percentage of people below the poverty line as well as the poverty gap show the same
behavior compared to the intensity and the density of poverty for Ecuador. In both cases the
correlations are positive and significant between poverty intensity and the poverty line (r=0.49,
a=0.01) and between poverty intensity and the poverty gap (r=0.45, a=0.01). Poverty density
(not shown in the table) was not highly correlated.
Conclusions
Our inventory and assessment of poverty and food security data at fine geographic resolutions
suggests that poverty indicators are comparable and that we might expect improvements in
available information in the future.
The poverty and food security indicators that we examined are roughly comparable with respect
to showing broad geographic patterns across a country. However, our simulation of how a
hypothetical cash transfer of development funds might affect municipalities in Honduras,
depending on the indicator used, showed that the magnitude of differences can be large. Any
geographic targeting program should do these types of simulations in their overall evaluation of
which poverty indicator to rely on.
In Latin America there appears to be a tendency since the 1980’s for using the UBN approach,
followed by the HDI, and more recently consumption indicators developed by the small area
estimation technique. Initiatives to map and analyze the UBN and HDI are likely to continue
given the increasing ease of calculating these indicators. But small area estimation will likely
become more widespread since it can calculate the number of poor, based on poverty lines, for
small areas and hence more finely-target development interventions.
Analysts should select poverty indicators in the context of the development program or
intervention that they are planning. Programs to increase household income work best with
consumption indicators. The HDI functions well when a program wants also to include health
and education components in the development project. UBN are good proxies when other data
are lacking and broad geographic coverage is needed.
The poverty and food security mapping initiatives by the Land Use project provide a foundation
for the analysis of agriculture and natural resources related to wellbeing. Future work should
examine these relationships in the context of the CIAT mission.
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Identifying the sources of nitrate and phosphate contamination in Lake
Fuquene using natural stable isotopes
Jorge Rubiano, Victor Soto, Luz Angelica Suárez; Ernesto Girón and Ximena Pernett
(In collaboration with colleagues of the CAR-Bogotá, GTZ and Rub en Dario Estrada)
Introduction
One of the key elements in devising payments or compensation schemes for environmental
services is the need for thorough knowledge about the environmental service itself and the
changes or modifications that it is facing. This is the case for the water quality of Lake Fuquene
in Cundinamarca, Colombia (Figure 1). The lake is suffering eutrophication due to the incoming
loads of nutrients from urban and agricultural activities.

Figure 1. Location of the Fuquene watershed
Nutrients such as nitrogen and phosphorous are carried in sediments, urban wastes and leached
fertilizers. This has called the attention of environmental authorities and other organizations
preoccupied for the future of the lake and the services it provides to local and downstream users.
To tackle this problem, researchers were asked to define methods to clarify both the origin and
quantities of pollutants. The use of stable isotopes was sought as one of the strategies in parallel
with standard monitoring and modeling techniques. The advantage of isotopes for tracing
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pollutants is that it allows discrimination of the sources. The current document not only reports
this task but also compiles previous studies in a format usable for comparisons and analyses.
Materials and Methods
To have a better understanding of the historical and current status of water resources in the zone,
data from previous studies were compiled. These different sources were analyzed and when
required integrated using different modeling techniques. L-THIA4 and SWAT5 and logistic
regression models were used to estimate the location of sources of pollution. The outputs
produced from this compilation were used to guide water-sampling campaigns in 2004 and 2005
both for isotope and standard measurements.
Portable monitoring devices were used in the field and validated with standard laboratory
techniques using an atomic absorption spectrophotometer. Isotopes results were used to identify
the location and type of source and standard measurements to estimate the volumes of different
locations. With the delimitation of contributing areas it was also possible to identify the
predominant land uses in each contributing zone.
Secondary Information
Data were obtained from the National Geological Institute (INGEOMINAS, Instituto Nacional
de Investigaciones Geologico-Mineras), Regional Autonomous Corporation (CAR, Corporacion
Autonoma Regional), National Geographic Institute (IGAC, Instituto Geografico Agustin
Codazzi) and the National Institute of Hydrology and Environmental Studies (IDEAM, Instituto
de Hidrología, Meteorología y Estudios Ambientales). The collected data consisted of water
quality measurements on specific locations at different times. In some cases, the sampling
location was not clearly specified so that translation into a geographical information system was
not always possible. Moreover, these studies did not always report information about the
methods used to analyze the samples. Therefore the measurements in previous studies were not
always consistent with those reported here.
Table 1. List of information and parameters for each sampled site by
INGEOMINAS.

Sample ID
Latitude
Longitude
Type of source
Site name
Date
Electrical conductivity

Temperature
pH
Hardness
Color
Calcium
Magnesium
Sodium

4

Potassium
Manganese
Bicarbonates
Chlorine
Nitrates
Sulphates

The Long-Term Hydrologic Impact Assessment and Non Point Source Pollutant Model (L-THIA) is based on
computations of daily runoff obtained from long-term climate records, soil data, CN values and land use of the
area (Engel, 2003)
5
The Soil and Water Assessment Tool (SWAT) is a model developed to predict the impact of land management
practices on water, sediment and agricultural chemical yields in large complex watersheds with varying soils, land
use and management conditions over long periods of time (Neitsch et al. 2002)
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Figure 2. Nitrate levels for springs, unconfined and confined aquifers in the watershed area
(Source: INGEOMINAS Study)

The environment authority of the region had also undertaken extensive monitoring but at the
time of the current research this information was not available. In the following section, each of
the previous studies is analyzed and wherever possible the data are presented graphically. We
draw conclusions from each study and summarize them at the end of this section.
INGEOMINAS study
INGEOMINAS data were obtained from the reports published by Verwey de Speelman (1981,
1982) and Corrales and Verwey de Speelman (1981) in which, in addition to the geology,
confined and unconfined aquifers and springs of the Ubate and Chiquinquira valleys were also
characterised. Although restricted to the valleys, these data provide an overview of surface and
groundwater near the lake but also of water from the hillsides. Measured parameters are listed in
Table 1. A total of 361 samples were taken in this study of which 30% were too high in ferrous
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iron to be suitable for human consumption. The cause of this is not stated but it seems to be
related to the geology of the region. Of these samples, 120 fell inside the Fuquene watershed
study area.
Water from unconfined aquifers had the highest concentrations of nitrates followed by confined
aquifers and springs (Figure 2). Nitrate concentrations were highest in both unconfined aquifiers
and springs downslope towards Lake Cucunuba after the town of Cucunuba,; and in unconfined
aquifiers near Lenguazaque river upstream of its confluence with the Ubate rive r.. These were
followed by unconfined and confined aquifers downslope from the town of Ubate towards Lake
Fuquene. Values above 10 mg/L are considered outside the limits of ‘safe water’ according to
national regulations (Diario Oficial, Decreto 475, 10 March, 1998).
Values for electrical conductivity (EC) found in the three sources are shown in Figure 3. In the
western part of the Ubate and Lenguazaque valleys, EC values are higher than the 500 µS/cm
threshold for clean water.

Figure 3. Electrical conductivity values, in red > 500 micro siemens/cm, in green < 500 micro
siemens/cm.(Source: Ingeominas Study)
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Figure 4. Nitrates, total phosphorous and iron in sub watersheds of Fuquene area according to
CAR measurement.
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Figure 5. Electrical conductivity, dissolved oxygen and biochemical oxygen demand in sub
watersheds of Fuquene area according to CAR measurement.

GTZ - CAR water quality data
The first data set is a summary table of samples taken at different locations and times but not
geo-referenced. The description of the sampling sites suggests that they were located along rivers
and small lakes in the watershed. Sampling dates ranged from 1979 to 2002. Figure 4 and Figure
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5 show a summary of the following six water parameters: nitrates, total phosphorous, iron, EC,
dissolved oxygen and biological oxygen demand. In general, these data show high variability for
most parameters and locations. There are extreme values probably associated with particular
events, either heavy rain or sewage discharges. The highest value for nitrate was for the “Isla”
site in Lake Fuquene with a concentration of 5.1 mg/l measured in March, 1998. Water
downstream (Río Suarez) also showed high peak values of nitrate concentrations followed by
Ubate River. The areas of Cucunuba, Lenguazaque and Ubate showed the highest average values
similar to those for unconfined aquifers from the INGEOMINAS data.
The second data set was part of a study carried out in association with the GTZ (GTZ-CAR
Report, 2001). Observed parameters are listed in Table 2. Total phosphorous in surface waters
ranged between 0.01 – 0.04 mg/L P. The highest average values were found in the areas of
Guacheta, Suarez and Suta but the whole area gave values at the top of this range. Levels found
in Lake Fuquene (0.12 mg/L) are three times the upper limit of this range, and are above the
commonly accepted level at which eutrophication occurs.
Table 2. Laboratory measurements in the GTZ-CAR sampling.
Parameter
Conductivity at 25°C
Total Coliforms, vegetative and fecals
Oxygen biological demand
Chemical oxygen demand
Total phosphorous
Ortho-phosphates
Total nitrogen
Dissolved oxygen
pH
Total solids
Sample temperature

Unit
µS/cm
NMP/100 ml
mg/L -O2
mg/L -O2
mg/L-P
mg/L-P
mg/L-N
mg/L-O2
Und
mg/L
ºC

Technique
Conductivity meter
Multiple tubes
5 days incubation
Open reflux - K2Cr 2O7
Colorimeter-molybdate vanadate
Colorimeter-ascorbic acid
Macro Kjeldhal
Oxygen meter
pH meter
Gravimetric
Thermometer

Detection limit
1 µS/cm
2 NMP/100 ml
0.5 mg/L -O2
0.5 mg/L-O2
0.01 mg/L-P
0.2 mg/L-P
0.1 mg/L-N
0.05 mg/L-O 2
0.01 Unit
1 mg/L
0.1 ºC

Iron concentrations around 0.3mg/L produce a reddish colour in water and levels above 10mg/L
are not desirable in drinking water. Colombian regulation states as admissible 0.5 mg/L for ‘safe
water’ (Diario Oficial, Decreto 475, 10 March, 1998). The minimum average concentration of
iron was found in Suta river was 2.13 mg/L, four times the 'safe' level. The highest levels were
found in wells located at the eastern side of the watershed around the towns of Cucunuba,
Guacheta and Lenguazaque.
Electrical conductivity is a measure of total dissolved solids, which is an acceptable indicator for
water quality. For ground water, an EC of 500 µS/cm suggests a pollution problem, while values
as
high
as
2000
µS/cm
may
be
acceptable
for
irrigation
water
(http://pasture.ecn.purdue.edu/~eql/EC). Values above 1500 µS/cm are not acceptable under
Colombian regulations. Though the area presented extreme values above this limit, the average
figures were always less. Cucunuba and Suta areas presented the highest values.
“Dissolved oxygen levels typically can vary from 0 - 18 parts per million (ppm) although most
rivers and streams require a minimum of 5 - 6 ppm to support a diverse aquatic life”
(http://www.k12science.org/curriculum/dipproj2/en/fieldbook/oxygen.shtml). Average values
have been below this range, especially in Cucunuba and Guacheta areas, although in some

69

occasions maximum values above this range were measured for Lake Fuquene (12.1 ppm),
Ubate, Suta and Suarez rivers.
Except for Lake Fuquene, values of biological oxygen demand were above 18 mg O2 /L, which
means that the most of surface waters are loaded with organic matter and waste-decomposing
bacteria.
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Figure 6. Nitrate concentrations reported by the JICA study.

JICA water quality data
The JICA study focused on the estimation of contaminant sources by making a coarse inventory
of potential sources. It estimated the contribution of nitrogen and other nutrients of each of the
potential sources, both urban and rural. Where they have been published, the study used figures
for acceptable levels taken from national standards else they used Japanese standards.
In collaboration with the local environmental agency (CAR), JICA produced a balance sheet of
fluxes of pollutants using a hydrological model that took into account flows in canals, reservoir
levels and management of sluicegates (El Cubio, Tolon and Cartagena). The report concluded
that the highest concentrations of nitrates and phosphates are found in urban wastes and residual
waters from the main towns (Figure 6), but that volume livestock systems contribute more than
80% of the total pollutants (Figure 7). There are no active water treatment plants in any of the
main towns in the watershed.
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Figure 7. Contaminant loads sources arriving to the Lake in kg per day (BOD: biological
oxygen demand; COD: chemical oxygen demand;, T-N: Tons of nitrogen and T-P:
Tons of phosphorous (JICA 2002).

For the purpose of this study, raw data from JICA study was taken and incorporated into the
present analysis.
CIAT-CONDESAN 2004-2005
The three sources of data summarized above were used to guide the sampling protocols in 2004.
Using a range of modeling techniques, the data were used to produce maps of the distribution of
nitrates to select for sampling those sites with high levels of pollution (Figure 8). Rubiano (2004)
described the models used and the maps that were produced. However, because of security
considerations, not all of the potential sites were accessible, which limited the final selection.
Forty-one samples with 4 replications of each were collected in June, 2004 at the end of the rainy
season. Samples were collected throughout the whole day. Each was analysed for concentration
of nitrates, nitrites, ammonia, phosphates and total phosphorous using portable apparatus (Table
3). Figure 9 shows the distribution of nitrates and Figure 16 (see page 18) the distrib ution of
phosphate for each site. The areas with highest concentrations were in the upper catchments of
the Ubate and Lenguazaque rivers and in the bottom of the valley upstream of the lake. The
foothills of Tausa and Ubate also showed high nitrate concentrations.
Isotope tracing
Isotopes are atoms of the same element that have the same number of protons but different
numbers of neutrons giving different atomic masses (Kendall, 1988). Each isotope is denoted
with the symbol for the element preceded by a sub index indicating the atomic mass (the sum of
protons and neutrons). For example, every atom of nitrogen has 7 protons, but an N atom with a
mass of 15 (denoted 15 N) has 8 neutrons while an N atom with a mass of 14 will have 7 neutrons
(14 N). Isotopes can be stable or unstable depending on whether they disintegrate or not.
Radioactive isotopes are unstable and decay, but many elements have at least one stable isotope.
For example, nitrogen exists as 14 N and 15N, both of which are stable, while oxygen has three
stable isotopes, 16 O, 17O, 18 O. (Ehleringer y Cerling, 2002).
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Table 3. Concentrations of nitrates, ammonia, phosphate, total phosphorous and nitrites in the
CIAT-CONDESAN sampling campaign of 2004.
ID

Sampling site

NO3

-

NH3

P2O5

P

NO2

Altitude

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Rio el Hato
Quebrada Corralejas
Quebrada Luz Marina
Rio el Hato
Rio el Hato
Quebrada Los Hoyos
El Hato-embalse inicio
Quebrada El Molino
Laguna del Hato
Rio El Hato
Rio La Playa
Rio Ubate
Rio Ubate - Puente
Quebrada Ovejeras
Rio Tibita
Rio Tibita parte alta
Rio Tibita parte media
Rio Lenguazaque (Entrada ZU)
Rio Lenguazaque
Quebrada Gacheneneca
Rio Lenguazaque Boqueron
Quebrada Mojica-Taitiva
Quebrada Aguaclara
Rio Aguasal
Rio Aguclara
Rio Aguadulce
Rio Chirtoque
Rio Suta (el pino)
Rio Suta
Quebrada Baita
Quebrada Zanja Grande
Rio Fuquene
Rio Ubate regulado
Quebrada Colorada
Rio Ubate
Rio Suta
Quebrada Suaga
Rio Ubate
Quebrada Honda
Quebrada La Laja
Quebrada Farfan
Vallado Madre (Canal)
Quebrada Miña
quebrada Tagua
Quebrada Monroy
Canal Sirigay
Canal hacia laguna
Quebrada La Chorrera

19.34
5.02
1.77
11.67
3.54
1.33
4.87
9.75
9.75
0.74
1.92
3.40
10.19
0.00
6.50
12.85
3.25
0.00
4.87
8.27
0.00
6.05
8.12
7.09
8.27
0.00
7.53
3.84
0.00
0.00
0.00
0.00
32.93
12.40
19.79
23.18
0.00
55.23
9.89
0.00
24.51
31.16
44.45
7.53
0.00
0.00
1.92
0.00

0.00
0.00
0.00
0.23
0.00
0.00
0.00
0.24
1.17
0.08
0.16
0.00
0.10
0.21
0.17
0.34
0.00
0.24
0.43
0.64
0.00
0.00
0.70
0.00
0.00
0.00
0.00
1.43
0.00
0.00
0.00
0.00
0.03
0.58
0.28
0.35
0.00
0.00
0.00
1.10
0.58
0.00
0.64
0.13
0.87
0.00
6.98
0.00

0.36
1.17
0.34
0.70
0.36
0.37
0.09
0.75
0.03
0.25
0.55
1.35
0.70
0.55
0.00
1.64
0.17
0.32
0.62
0.69
0.73
0.12
0.55
0.13
0.81
1.87
0.30
0.40
0.26
0.84
1.09
0.37
0.36
0.14
0.08
0.96
0.16
0.22
0.25
0.01
1.87
1.51
0.05
0.45
0.37
0.00
1.87
0.75

0.10
0.10
0.20
0.10
0.50
1.43
0.10
0.20
0.10
1.20
0.40
0.00
0.00
0.00
0.50
0.10
0.10
1.43
1.33
0.10
1.20
2.00
0.27
0.77
0.10
ND
0.00
0.20
1.60
0.20
0.90
0.90
0.20
0.00
0.00
1.10
0.10
1.00
0.00
0.20
2.30
1.70
1.20
0.00
0.90
0.00
0.00
0.00

0.00
0.00
0.13
0.00
0.00
0.00
0.13
0.00
0.13
0.07
0.10
0.03
0.00
0.26
0.00
0.13
0.00
0.00
0.03
0.00
0.20
0.16
0.00
0.13
0.00
0.00
0.00
0.07
0.00
0.23
0.00
0.23
0.23
0.10
0.03
0.26
0.20
0.00
0.00
0.00
0.13
0.10
0.00
0.03
0.00
0.00
0.00
0.00

2892
3006
3109
3243
3240
2967
2876
2841
2870
2817
2817
2708
2591
2673
2670
2883
2809
2598
2590
2731
2594
2595
2837
2620
2620
2619
2620
2617
2594
2586
2581
2574
2568
2576
2473
2481
2610
2595
2591
2775
2605
2571
2580
2571
2571
2571
2568
2551

72

-

Figure 8. Nitrates contributing areas in kg/ha according to SWAT simulation
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Figure 9. Nitrate concentration in 41 samples throughout the Fuquene watershed
according to CIAT results 2004.
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The proportion of 15 N y 14 N in a sample is called the d15 N (pronounced as the delta-15-N) or the
relative abundance of the stable isotope. This proportion is compared with a standard
composition of the N in the atmosphere and expressed in ‰ (per mil, Thorburn et al., 2002).
Different nitrogen sources as fertilizers, organic manure and residual wastes differ in their
isotopic composition allowing their discrimination (Schmitt y Dethloff, s.f.). Fertilizers have a
d15 N below 2‰, organic manure and residual wastes are above a d15N of 8‰. This isotopic
signature allows a single measurement to determine the sources of pollutants in both surface and
underground waters. The difference in the d15 N signature between different sources allows the
discrimination of pollutants (Kellman and Hillaire-Marcel, 2000).
In spite of the capacity of relative abundance to determine sources of pollutants, results are not
always straightforward to interpret. In some cases, d15 N results are inexplicable, such as when
samples give d15 N signatures outside the range of values found in the potential sources. There are
two explanations for this. First is the fractioning of N, which is when chemical and physical
reactions modify the isotope composition of the samples. This is more frequent in surface than in
underground water. The second is when a mixture of sources in the same water sample gives
values different to those typical of the potential sources.
Fractioning can also occur through biological de- nitrification when nitrate in either soils or water
is converted to gaseous N that returns to the atmosphere. The bacteria responsible are anaerobic
so the process is enhanced in oxygen-poor conditions such as those found in wetlands. The
microorganisms involved preferentially metabolize the lighter isotope (Ostrom et al., 1998). As a
consequence, samples enriched with nitrogen, after de- nitrification will show lower
concentration of nitrates and a higher d15 N. It is important to take this process into account given
that changes in the d15 N signature of nitrates will occur in lacustrine environments where both
soils and water, the latter especially if partially or wholly eutrophic, characteristically lack
oxygen.
Given the difficulty in establishing the source of N contaminants in water, d18O signatures of the
nitrates were also considered as a possibility. The oxygen in nitrate compounds differs from that
in the atmosphere (Figure 10). Unfortunately, measuring oxygen isotope signatures is not only
expensive but there are few laboratories able to undertake the analyses. CIAT's mass
spectrometer cannot measure oxygen isotopes, so this proposal had to be abandoned.
Figure 11 summarizes the ranges of d15 N in different pollution sources throughout the world.
Due to laboratory limitations, only sites in which nitrate concentrations exceeded 5 mg/L were
submitted for N isotope signature. Of the 41 sites, N isotope signatures were obtained for 19 sites
with 3 replications (Table 4). There was substantial variation among replications of the same
water sample so that the average was taken of the two numerically closest results.
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Once a d15N signature was established for a particular sampling site, the areas that potentially
contribute to the pollution of that site were designated as contributors. Figure 12 shows the areas

Figure 10. Schematic representation of typical d15 N and d18O ranges found for different
sources of nitrates (Source: Kendall and McDonell, 1998).

Figure 11. Summary of the range of d15N values for the major sources of nitrogen in the
hydrosphere (Source: Kendall and McDonell, 1998)

that predominate as sources of nitrate determined by the isotope signature. Areas on which the
predominant source was ‘fertilizers’ was located in the bottom of the Ubate and Lenguazaque
valleys, the hills of Fuquene Municipality and in the areas surrounding Cucunuba at the south of
the study area. Chemical fertilizers used in pasture production systems could be responsible.
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Table 4. d15 N values of sites sampled in 2004 with NO3 higher than
5mg/L
d15N (‰)

ID Sampling site
1
2
4
9
14

Rio el Hato
Quebrada Corralejas
Rio el Hato
Rio Tibita
Quebrada Gacheneque

0.00
6.49
6.39
7.71
3.40

15
16
17
18

Rio Lenguazaque Boqueron
Quebrada Mojica-Taitiva
Quebrada Aguaclara
Rio Aguasal

6.55
6.04
7.63
10.25

20
22
27
33
34

Rio Aguaclara
Rio Suta
Rio Ubate regulado
Quebrada Mi±a
Quebrada Tagua

6.73
6.32
1.21
4.18
0.00

42
43
51
52
53

Quebrada Honda
Vallado Madre (Canal)
Rio La Playa
Rio El Hato
Rio Ubate

0.00
5.95
6.67
0.00
4.24

Figure 12. Areas with a predominant source of nitrates according to isotope signatures
from CIAT measurements in 2004.
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Figure 13. Percentage of existing land uses on areas with a specific predominant
source of pollutant according to isotope characterization.
Table 5. Relative contribution of each land cover by type of pollutant sources to the
contamination of Lake Fuquene accordingly to the isotope characterisation.
Vegetation Type
Permanent/herbaceous
Permanent
Permanent/Shrubs
Permanente/Forest
Non determined
Cropland
Bare Soils
Bare rock
Urban
Water
Pine tress
Total

Fertilizers
13.1
0.9
7.0
4.4
1.9
7.7
0.0
0.7
0.1
0.5
2.0
38.3

Sediments
3.8
0.0
3.2
5.8
5.0
23.8
0.0
0.0
0.2
0.1
1.6
43.6
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Organic wastes
0.5
0.0
0.7
2.0
2.6
11.4
0.0
0.0
0.0
0.0
0.8
18.1

Total
17.4
0.9
10.9
12.2
9.5
43.0
0.1
0.7
0.3
0.6
4.4
100.0

Organic wastes were the predominant source of nitrate pollution in the upper zone of Tausa
municipality and in the upper catchment of the Lenguazaque river. Both areas are used for potato
farming, where because of intensive cultivation, losses of soil organic matter could be the cause
of the signature. The rest of the area was characterized by its contribution with nitrates coming
from soil sediments. These results emphasize that the major sources of nitrate pollution depend
on the form of land use in the headwaters (Figure 13 and Table 5). In pasture lands the source is
nitrogen fertilizer and in cropland the source is organic wastes and sediments from erosion. Forty
percent of the land is devoted to cropping and around 20% to pastures.
Table 6. Content of total nitrogen, total phosphorous, ammonia and
nitrates in the CIAT-CONDESAN sampling campaign of 2005.
ID

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Total N
mg/L
11.75
10.10
9.30
7.92
5.29
5.82
7.53
8.42
12.20
8.76
8.70
11.00
8.52
11.83
7.71
10.03
7.89
8.12
11.83
11.63
14.44
16.63
10.60
12.88
13.82
17.50
15.59
17.35
10.59
10.96
13.24
8.52
9.07
7.00
17.73
10.54
9.15
18.30

Total P

Ammonia

mg/L
4.83
3.31
2.67
3.04
4.07
2.95
4.35
3.16
3.76
3.06
4.39
3.45
3.32
2.43
2.43
2.83
4.09
3.27
2.89
3.12
3.94
2.82
2.71
3.08
2.24
2.61
2.04
3.19
3.33
2.34
2.96
2.42
6.01
1.86
2.77
1.74
2.14
2.00
5.77

mg/L
0.17
0.17
0.01
0.05
0.00
0.02
0.01
0.02
0.01
0.01
0.06
0.72
0.01
0.00
0.01
0.07
0.03
0.02
0.01
0.02
0.03
0.02
0.21
0.14
0.12
0.73
0.88
0.05
0.01
0.01
0.02
0.36
0.06
0.00
0.01
0.00
0.55
2.67
11.75
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Nitrate
mg/L
0.02
0.13
0.25
0.03
0.11
0.13
0.08
0.08
0.07
0.05
0.02
1.14
0.06
0.10
0.08
0.23
0.30
0.38
0.26
0.05
0.35
0.18
0.20
0.18
0.20
0.85
4.78
2.19
0.24
0.08
0.70
0.75
0.73
0.06
0.03
0.03
0.56
0.38
0.05

Field campaign in 2005
In 2005 sampling was focused on the sub-watershed segments of Ubate, Tausa and Lenguazaque
rivers plus the in- flowing streams near to Lake Fuquene. The three sub catchments covered most
of the hilly area of the watershed while the in- flowing streams were the end points of waters
running throughout the valley. We also identified training sites for a land classification study
using Landsat 2000 images. Samples for each sub-watershed were taken in the morning hours at
about the same day of the month as in 2004. For each of the three sub-watersheds, samples were
collected upstream and downstream of the main towns. Samples were refrigerated until analyses
were made for total nitrogen, nitrates, ammonia and total phosphorous (Table 6).
The portable equipment used in 2004 was used in the field and laboratory determinations were
made with an atomic spectrometer. The portable equipment was shown to give results
comparable to the laboratory.
Values for nitrates were very low this year (Figures 14 and 15) and there was no sample with
sufficiently high concentration of nitrate to justify isotope determination. The most likely reason
is that, unknown to us, the sluice gates of the upstream dam, “El Hato”, were opened the week of
sampling washing out the waters one would typically find along the rivers and canals
downstream. The highest concentration of nitrate was found downstream of the town of Tausa.
There were no clear patterns of nitrate concentrations increasing down the course of the rivers.
Not surprisingly, values downstream of populous towns, such as Ubate and Tausa, were always
higher than the upstream measurements. Values for P and the other nitrogen ions were also low
(Figure 16).
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CIAT 2005

Figure 16. Concentration of total phosphorous in Fuquene watershed reported by JICA (2002),
GTZ/CAR (2002) and CIAT (2004/2005).

Water discharge for each of the sub-watersheds in the whole Lake Fuquene catchment was
simulated based on the mean of ten years' measured rainfall. An estimation of the total volume of
nitrates coming from each contributing area was then calculated using 2005 nitrate
measurements. Each sub-watershed was grouped into one of five ranges of nitrate contribution
(Figure 17). The areas with higher contributions are located along the Tausa, Gacheta and Ubate
rivers.
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Figure 14. Nitrate concentrations according to CIAT measurements 2005.
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Figure 15. Nitrate concentrations along the three streams sampled in 2005 and in the incoming
water to Fuquene Lake.
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Figure 17. Ten years' average total nitrate contribution in kg/ha/yr based on the nitrate
concentrations found in 2005 sampling made by CIAT.
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Figure 18. Percentage of existing land uses on areas with a specific concentration of pollutant
according to standard water measurements.
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Figure 19. Weighted contribution with nitrates from different land uses accordingly
to CIAT sampling of 2005

The LANDSAT image classification defined 34 categories of land cover. We grouped some of
these to produce a more manageable 12 categories. The reduced number of categories still
maintains the concept of land cover over time and separation into herbaceous, shrub and tree
cover. Figure 18 shows the percentage area of differing land cover classified within grouped
levels of nitrate outflow.
Pastures are classified as vegetation type ‘permanent/herbaceous’. Almost 19% of the total area
of the catchment is in this category contributing 10-25 kg/ha/yr nitrates. In contrast, cropland is
classified as vegetation type ‘temporal/herbaceous’ and has a broader range of contribution rates
than pastures at both the low level of 0 – 10 kg/ha/yr and is much more important than pastures
in the range of 25 – 50 kg/ha/yr of nitrates.
To estimate the weighted contribution of each land cover to total nitrate outflow, the area
percentages within each nitrate contribution class were multiplied by the mean value of the
nitrate class range and summed. This figure was then divided by the total of nitraqte outflows
for all land covers to obtain the percent contribution of each land cover to total nitrate outflow
(Figure 19). Vegetation type 'temporal/herbaceous' (cropland plus land in preparation for crops)
contributes 34% of the nitrate pollutants followed by permanent/herbaceous (pastures) with 25%.
Although the urban area appears to contribute only 0.2%, it is important to take into account that
its contribution wasnot considered here but was highlighted in the JICA report. Forest and shrubs
areas are also important together contributing 26%.
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Conclusions
As outlined above, different techniques and methods have been used by different organizations at
different times. This lack of consistency makes it impossible to use the data in an integrated way.
Furthermore, there is no simulation method that can use these data as a validation set.
Probabilistic methods could be used but their results would be restricted to the sampled sites,
which in this case do not cover the whole study area.
In spite of these shortcomings, the different studies report similar findings with the same
places/land use types contributing most to the pollution of the catchment. This is the case of
Tausa and Cucunuba and their surroundings, which are located at the south of the study region
where coal mines are located. Potato farms are also very common in the upper part of Tausa.
Isotopic signatures are a reliable complementary method to standard techniques, especially whe n
an appropriate time series is not available. We can say with confidence that sediments contribute
44% of the total nitrate inflow to Lake Fuquene followed by fertilizers with 38% and organic
wastes with 18%. Summing these three sources, areas in pasture are contributing with 17% while
cropland is accounting for 43%. Nitrates attached to sediments account for more than a half the
cropland contribution.
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Exploring the determinants of food poverty in Ecuador6
Andrew Farrow, Carlos Larrea, Glenn Hyman and German Lema
(In collaboration with colleagues of FLACSO, Ecuador)
Abstract
This paper examines the geographic dimensions of food consumption in Ecuador. Ecuador has
one of the highest rates of chronic infant under-nutrition in Latin America (FAO, 2003). The
factors that influence food security and poverty are complex and multi- faceted. Statistical and
spatial analyses are used to examine the distribution of food consumption and food poverty and
to test and generate hypotheses of food poverty estimates at the district level. This paper shows
that the food poor are concentrated in certain locations with a significant cluster identified in the
central Andes region. Geographically weighted regression shows that the processes underlying
food poverty in Ecuador are also spatially variable. While our results lend support for nationwide
land tenure reforms, in the central Andes these must take into account productivity constraints
and communal ownership. Improvements in transport infrastructure will likely decrease levels of
food poverty in all of the country but could be most beneficial in the extreme south and in the
province of Esmeraldas. Investment in rural enterprise development would be encouraged in all
regions.
Keywords : Ecuador, Food, Poverty, Consumption, Exploratory, Spatial, Geographical.
Introduction
Ecuador, along with Guatemala, Honduras and Haiti are among the countries in Latin America
with the highest rates of chronic infant under nutrition (FAO, 2003). Figures for Ecuador show
under- nutrition rates of 34% in 1986, 26.5% in 1998 7 , (Larrea et al., 2001) and 23% in 2004 8
(CEPAR, 2005). The long-term effects of infant under-nutrition on health, educational
attainment and capacity to work have been well documented (Fogel, 2001; Semba and Bloem,
2001; Grantham-McGregor et al., 2000; Steckel, 1995). In Ecuador, a country with high social
inequality9 (Larrea and Kawachi, 2005) and 62% of the population falling below the poverty line
in 1998, pronounced social, regional and ethnic disparities in the distribution and consumption of
food are to be expected.
Policies aimed at reducing inequality and improving nutrition must be based on detailed studies
documenting these disparities and identifying their causes. Information for policy formulation
and targeting is needed to optimally deploy direct aid, development, or research resources.
Hentschel et al. (2000) demonstrated a theoretical reduction in resource leakage and greater
coverage using a geographically- targeted implementation of a pro-poor energy subsidy.
Reductions in food poverty are likely to be achieved by the implementation of a range of
interventions, rather than a direct cash transfer to recipients. Targeting the range of possible
6

This contribution is an abridged version of a paper published as Farrow, A., Larrea, C., Hyman, G. and Lema, G.
2005. Exploring the spatial variation of food poverty in Ecuador. Food Policy, 30:510-531.
7
As measured by children (less then two years old) who are below international standards of height for age.
8
As measured by children (less then five years old) who are below international standards of height for age.
9
In 1998 the GINI coefficient for total consumption was calculated as 0.468.
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interventions that are not direct aid is inherently more difficult because the benefits are often
limited to certain locations, sectors of the economy or demographic groups. The utility of
information that improves targeting of public goods is therefore more difficult to quantify.
Analyses based on household surveys, which are representative for a very small number of
regions (e.g. Datt and Jolliffe, 1999), often fail to reveal the location of the population affected.
On the other hand qualitative assessments of limited geographical extent (e.g. Hentschel et al.,
1996) do not allow a country-wide investigation of the causes of inadequate food consumption
and under nutrition. Other studies addressing these problems by combining survey and census
data (Larrea et al., 1996; Hentschel et al., 2000) lacked consideration of geographic and
environmental factors. Our experience working in Ecuador suggests that poor accessibility to
markets and services, and environmental constraints to agriculture have negative impacts on
wealth and food security outcomes. Petrucci et al. (2003) deal with some of these issues for
Ecuador. But they use data aggregated to county level, potentially hiding interactions at the
household level.
A spatial analysis framework offers advantages over tabular analysis. The visualisation of the
estimates in map form is an efficient medium for planning responses to food poverty. Spatial
statistics can quantify and clarify patterns seen in maps. A spatial framework allows for the
incorporation in the analysis of spatially continuous environmental variables. Explicit spatial
analyses take into account the local nature of relationships between food poverty and its
determinants.
Guided by development theory and local expert opinion, this study employs a two-stage spatial
analysis framework to identify correlates of ‘food poverty’ in Ecuador. The results of our
analysis can be used to plan the deployment of resources of state and non-governmental agencies
(Hentschel et al., 2000; Moreano and Carrasco, 2003). The first stage, reported in 2004 (Farrow
and :Larrea, 2004) consisted of an analysis of the distribution of food consumption estimates for
990 districts (parroquias) in Ecuador, a far finer resolution than currently published
statistics 10 .This second stage of analysis explores the influence of geographical and
environmental factors, in addition to traditional socioeconomic factors, on food poverty
indicators.
Data
This study employs two important data sets. Food poverty indicators are calculated as dependent
variables of the distribution of household food consumption per district. Potential determinants
and explanatory factors of district- level of food poverty are developed as independent variables.

10

Food poverty indicators are not published for Ecuador but the proportion of food consumption as part of total
consumption are published for urban and rural sectors:
http://www.inec.gov.ec/interna.asp?inc=enc_tabla&idTabla=243
86

Food Poverty Indicators
Food consumption was calculated at the household level using small area estimation techniques
(Larrea, 2005) 11 . Models of food consumption were created using data from the 1998 Living
Standards Measurement Study (LSMS) survey (Instituto Nacional de Estadistica y Censos
[INEC] and World Bank, 1998) and the 2001 Ecuadorian national population census (INEC,
2001). Poverty indicators are measures of district- level household food consumption with respect
to a specific ‘poverty line’ (Lanjouw, 1998). Two studies give differing monetary values of the
food poverty line in Ecuador. One study estimates the cost of a basic basket of food goods as
173,050 sucres per fortnight, which in 1998 represented US$2.2 per day (World Bank, 1996). A
second, alternative study (Parandekar and Brborich, 1999) gives a value of 132,150 sucres per
fortnight for the basic basket of goods (US$1.7 per day). We calculated the Foster-GreerThorbecke (FGT) family of poverty indicators, including the headcount ratio, the poverty gap
and poverty severity (Foster et al., 1984) for both the higher and lower food poverty lines.
Potential Factors Related to Food Poverty
Together with a panel of food security experts in Ecuador, we developed a list of potential
determinants of food poverty (Farrow et al., 2002). The panel identified key factors that have a
hypothetical association with food poverty. These include social capital, agricultural productivity
(climate, soil, management and tenure), and access to markets. Employment opportunities clearly
have an impact on potential sources of income and consequently on food consumption. The
employment characteristics of household members were explanatory variables in the original
small area estimation models (Larrea, 2005), raising concerns about the potential for endogeneity
in subsequent modelling. Elbers et al. (2005) suggest, however, that the use of estimates
aggregated to community level as the dependent variable does not preclude subsequent
regression analyses.
A study resulting in a nutritional profile of Ecuador (ODEPLAN-FAO, 2001) suggests that social
capital and the culture of a locality influence the access of households to a diversity of food
products and a diverse diet. Indicators of social capital have not been formally defined for
Ecuador. While limited local studies investigate the role of social capital (Bebbington and
Perreault, 1999), nationwide data on density of voluntary organisations (Putnam, 1993) or of
social networks (e.g. Paldam, 2000) are lacking. Our analysis used a proxy variable for social
cohesiveness - the percentage of each district’s population classified as indigenous. Historic
discrimination and social exclusion has limited the livelihood opportunities of indigenous people
in Ecuador. Indigenous communities, however, have maintained a strong sense of identity. In
recent decades they have increasingly progressed towards full political participation (Larrea and
Montenegro, forthcoming).
Access to water is potentially an important determinant of rural food poverty (Rosegrant et al.,
2002; Global Water Partnership, 2003) since improved agricultural productivity can increase
farm incomes and lower prices for consumers (de Janvry and Sadoulet, 2000). We hypothesize
that areas suffering regionally from drought, and locally from water shortage will be unable to
11

See also Moreano et al., 1994; Larrea et al., 1996; Hentschel et al., 2000 and Petrucci et al., 2003 for a discussion
of this technique applied to Ecuador, Elbers et al., 2003 for an in depth discussion of methodology and Fujii et al.,
2002 for a study that applies the technique to nutritional data.
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Figure 1.

Consecutive months with less than 60mm precipitation

support sufficient production to ensure adequate food availability. For rainfed agriculture we
have developed an index of water availability calculating the number of consecutive dry months
(Figure 1) where monthly precipitation less than 60mm is considered dry due to limitations on
crop growth (P.G. Jones, personal communication). The number of farms with irrigation and the
total amount of irrigated land were recorded in the 2000 agricultural census (INEC, 2000). We
acknowledge, however, that farms with irrigation may face restriction on their use of water
resources (Cremens et al., 2005). Irrigation data have been published for the majority of counties
in Ecuador. Given the lack of data at the district level, we assume that each district has the same
value as the county to which it belongs.
Elevation and slope are proxies for temperature and management constraints on agricultural
productivity. In some very high zones (paramos) we encounter particularly fragile agroecosystems that are associated with elevated concentrations of poverty. In Ecuador the resolution
of altitude data is currently far finer than for temperature. Slope is generally expected to have a
greater impact on food poverty than altitude. Summary statistics of altitude and slope were
calculated for each district from the Shuttle Radar Topographic Mission (SRTM) dataset
modified by CIAT (Jarvis et al., 2004).
Soil quality is another constraint on agricultural productivity and presents significant spatial
variation within districts and even within plots (Dercon et al., 2003). We used maps of potential
for agriculture, whose classes explicitly incorporate soil quality information and limitations
(BID-CONADE in Alianza Jatun Sacha – CDC Ecuador, 2003). Potential agriculture classes
have been classified into suitability for pasture, crops, productive forest and natural areas
(default). Actual land use (compiled from various sources from the 1990’s – Alianza Jatun Sacha
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– CDC Ecuador, 2003) has also been categorised in terms of percentage crop, pasture, productive
forest, natural areas and non-vegetative land use.
Deteriorating soil quality and land degradation is often the result of land- use decisions that are
inappropriate. These short-term decisions may be forced upon land managers in order to escape
poverty. For each class of actual land use we determine if it has been cultivated in an appropriate
location given the potential of the soil. We conclude by producing summary statistics of
productive land use suitability for each district.
Land tenure inequality, and as a consequence the large number of farmers without land or with
less than 5 ha, is potentially related to low levels of food consumption. Data on legal status of
agricultural land have been made available at the county level for the much of the country
(INEC, 2000). Equality indicators, such as the GINI coefficient of farm size, are not formally
published for sub- national administrative levels 12 . But these have been calculated for counties
using data available on farm sizes (Chiriboga, Personal Communication) 13 . As with data on
irrigation we have assumed that districts will have the same values for these variables as the
counties.
The agricultural sector is often characterised by lower incomes relative to other components of
the natio nal workforce (Elbers and Lanjouw, 2001). Districts with high proportions of
agricultural workers are likely to have higher levels of food poverty. Agricultural workers
receiving a regular wage may be less vulnerable than informal day labourers. Salaried workers
may receive ancillary benefits such as limited health insurance that will improve welfare levels.
We therefore expect districts with greater proportions of salaried agricultural workers to have
lower levels of food poverty than those with non-salaried agricultural workers.
Access to markets is an important prerequisite for rural income generation and can improve
nutrition by providing access to a wider variety of foodstuffs than would be possible from onfarm consumption alone. Jacoby (2000) has shown that an improvement in access generally
benefits the whole population. We would therefore expect districts with better access to markets
to have higher mean food consumption and lower levels of food poverty. There is a great
difference between the importance of markets in the Andes where they have a notable social and
cultural value (Martinez, P., Quito, August 2003, personal communication) and the coastal
region where the point of sale of agricultural produce is often the nearest road. In this study we
have produced indices of accessibility to four types of markets. National markets are the three
biggest cities – Guayaquil, Quito and Cuenca. Regional markets are based on traditional markets
in the Andes with others selected for the coastal and Amazon regions (Martinez, personal
communication). Provincial markets are the capital city of each province (Figure 2). Local
markets are the major populated place in each district 14 .

12

The national GINI coefficient of land ownership was 0.81 in 2000 (Chiriboga, unpublished document)
Many other variables that were collected during the 2000 agricultural census (INEC, 2000) were not made
available for a large number of the sparsely populated counties where data confidentiality issues arose. Data for the
entire province of Bolivar are not currenly available from the source website.
14
Access to markets has been calculated using CIAT’s Accessibility Analyst (Farrow and Nelson, 2001).
13
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Methods
Our objective is to construct an exploratory model of rural food poverty at the district level using
spatial variables. Given our analysis of the spatial structure of food poverty in Ecuador (Farrow
and Larrea, 2004) we applied an appropriate modelling framework for our data.
Testing hypotheses using regression models
The existence of spatial auto-correlation in our dependent variable and the possibility of nonstationarity in the processes that cause food poverty (Brunsdon et al., 1996), limit the inferential
power of ordinary least squares (OLS) regression. Geographically weighted regression (GWR) is
an alternative to OLS regression models, and is commonly used to overcome the limitations
caused by spatial dependency (Miron, 1984 cited in Fotheringham et al., 2002).
We ran models using available data at the district scale despite the fact that variables for land
tenure and irrigation were only available at the county scale. We acknowledge the potential
introduction of artificial spatial auto-correlation in some of our independent variables, as well as
possible problems of ecological fallacy (Robinson, 1950). Nevertheless by running the models
using district level information, we were able to distinguish between urban and rural areas and
take full advantage of the fine resolution of the micro-scale food poverty data. The models were
developed using all independent variables for seven dependent variables: mean food
consumption per person, and food poverty headcount ratio, food poverty gap and food poverty
severity for the higher and lower food poverty lines. We analysed the correlation between our
independent variables to eliminate those that showed co- linearity (Annex I). In the case of the
accessibility indices for district, provincial, regional and national markets, we tested each index
individually in all regression models, selecting the index that explained most variance. All
models were calibrated using version 3 of the GWR software (Fotheringham et al., 2004). Cases
with missing data were removed. Valid data points were weighted according to the natural
logarithm of population of each district and rescaled so that the sum of the weight variable is
equal to the sample size (670).
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Figure 2. Accessibility to Provincial Capitals
Regression model results
The adjusted R2 increases and ANOVA F-Tests confirm that the GWR models explain
significantly more variance than the global models (Annex II). The food poverty gap and food
poverty severity models appear to be better defined than the food poverty headcount ratio and
mean consumption models. An analysis of the local pseudo R2 shows that despite small
differences between models all areas except the northern Amazon are better explained using
local rather than global models. In addition certain regions in Ecuador are better explained than
other zones. The provinces of El Oro and Cotopaxi (Figure 3), for instance, are consistent ly well
explained, while the local pseudo R2 values for counties in the northern sierra and the provinces
of Azuay and Morona Santiago show only marginal improvements over the global R2 values.
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Figure 3. Provinces of Ecuador: 01 = Azuay; 02 = Bolívar; 03 = Cañar; 04 = Carchi;
05 = Cotopaxi; 06 = Chimborazo; 07 = El Oro; 08 = Esmeraldas; 09 =
Guayas; 10 = Imbabura; 11 = Loja; 12 = Los Rios; 13 = Manabí; 14 =
Morona Santiago; 15 = Napo; 16 = Pastaza; 17 = Pichincha; 18 =
Tungurahua; 19 = Zamora Chinchipe; 21 = Sucumbios; 22 = Orellana
When we examine the coefficients of the ‘independent’ variables we can take into account both
the global as well as the local model results. Variables that are significant in explaining variance
in the global models but which show little spatial variability are likely to be significant in the
majority of locations. Variables that are both significant in the global regression model as well as
displaying significant spatial variation are likely to be significant in the majority of locations but
the strength of the relationship is less strong in some specific regions. Variables that are
insignificant in the global models but which show significant spatial variation are likely to be
positively significant in some areas but negatively significant in others. These cases merit special
attention. Finally there are parameters that are neither globally significant nor which show spatial
variation. These variables offer little in the way of interesting spatial patterns for analysis.
The percentage of the population who class themselves as indigenous (INDIG) has a significant
positive association with all the food poverty indicators and a negative association with mean
food consumption per district. The variable also displays significant spatial variability in nearly
all models. Mapping the local values of significance of this parameter confirms that all areas
reflect the global model except the southern provinces of El Oro and Loja and a few remote
Amazonian districts.
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Our climatic variable (MN_DRY) shows significant spatial variability in all seven models
(Figure 4). The significance of determination of dry months on food poverty is strongest in the
central Andes region. Semi-arid coastal areas benefit from alternatives to agriculture such as
fishing and tourism but even with the inclusion of a coastal dummy variable (COASTAL) the
effect of climate in these areas is either insignificant or negatively significant. This pattern of dry
months associated with lower levels of food poverty is especially prevalent in the food poverty
gap and severity models in the provinces of Guayas, Manabí and Loja. The proportion of farms
that have irrigation equipment (PR_RIE1) is not significant for either the headcount ratio or
mean consumption indicators. Irrigation is moderately significant in the global models of food
poverty gap and food poverty severity as well as displaying considerable spatial variability. This
variable shows a negative association with inequality in the central Andes and a positive
association in the southern coast and highlands and much of the central Amazon region.

Figure 4. Significance of mean number of consecutive dry months per district
(MN_DRY) using GWR where FGT2_H is the dependent variable
Mean slope per district (MN_SLP) shows a significant positive association with food poverty
gap and food poverty severity in all of Ecuador, but the relationship with the headcount ratio or
mean consumption is insignificant. There is no significant spatial variability in any of the
models. Land use suitability (MN_SUIT) is not globally significant but shows significant spatial
variability in four of the seven models. As expected we see a negative relationship between
suitability and poverty in the central Andes, central coast and central Amazon, however this
association is reversed in the northern Andes and northern Amazon (Figure 5).
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The proportion of land area that is individually owned (PR_IND2) is insignificant in all the
global models, but shows some spatial variability. Figure 6 shows two areas where the
proportion of land owned by individuals is negatively associated with food poverty. These areas
are the northern Andes region and foothills in the Amazonian province of Napo, and a similar
zone in the southern Andes and Amazon region centred on the province of Azuay. Equality of
land ownership is captured by the GINI coefficient variable. Unlike land ownership (PR_IND2),
this variable is highly significant in the global regression but shows little spatial variability. As
expected a reduction in the GINI coefficient is related to a reduction in food poverty, this
relationship is strongest with the food poverty headcount ratio but weakens in the food poverty
severity models.

Figure 5. Significance of mean area of land that is being used appropriately
(MN_SUIT) using GWR where FGT_0L is the dependent variable
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Figure 6. Significance of individual ownership of land per district (PR_IND2) using
GWR where FGT0_L is the dependent variable
Our two agricultural employment variables are highly significant in all the global models as well
as showing significant spatial variation. We find a cluster of districts in the provinces of Azuay
and Cañar, southern Chimborazo, eastern Guayas and parts of Morona Santiago that do not show
a strong association between the percentage of the workforce (AGR_WF) in agriculture and food
poverty. In the case of the percentage of salaried agricultural workers (SAL_AGR) there are two
areas where the relationship between salaried workers and food poverty is strong. These areas
are the northern Andes (as far south as Cotopaxi province) and northern Amazon and the
southern Andes and southern coast essentially from Cañar to Loja. In all other areas the
association is ambiguous.
Accessibility to a provincial capital (MN_AP) is a significant global determinant in all our
models. It also displays significant spatial variability in six of the seven models. This suggests
that access to markets and services is universally important as a determinant of food poverty in
Ecuador but that there are local variations in the strength of this relationship. Indeed when we
plot the local values of the significance of the parameter with respect to the food poverty
headcount ratio it can be seen that districts with significant positive t- values are encountered in
the provinces of Loja, El Oro and Carchi, Esmeraldas and that there are a few districts in Los
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Rios province and in the central Andes that display an inverse relationship. This pattern changes
somewhat when we map the results of the food poverty gap models, in these cases the cluster in
the northern Andes is now centred on the provinces of Esmeraldas and Imbabura while the
cluster in the south is now more significant and includes more districts (Figure 7). The cluster of
negative association also shifts, in this instance to the province of Cotopaxi.

Figure 7. Significance of access to provincial capitals (MN_AP) using GWR where FGT1_L
is the dependent variable

Conclusions and Discussion
The headcount ratio, the food poverty gap and severity of food poverty were calculated from
household food consumption estimates. Aggregating households into districts reduced standard
errors in the data. We used simple spatial analysis techniques firstly to analyze the spatial
distribution of food poverty and secondly to explore factors associated with food poverty. The
results show that community levels of food consumption and food poverty are not distributed
randomly throughout Ecuador, so that the food poor are concentrated into clusters of districts.
Clusters of food poverty may require collective or structural interventions that benefit
communities rather than individuals, such as improvements in transport infrastructure or the
creation of special development zones. Our results could benefit organisations wishing to apply
successful interventions to places with similar food poverty conditions. We have used these
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results directly within CIAT to highlight the uneven distribution of some of CIAT’s research
efforts in Ecuador. A survey of local committees of agricultural research (CIAL) 15 showed that
food poverty was not a major determinant in their location despite CIAT’s mandate to reduce
poverty through agricultural research.
A number of studies (e.g. Bigman et al., 2000; Petrucci et al., 2003) have used community level
data to improve the estimation of the absolute value and the distribution of food poverty
indicators, especially when household level data are not available. In this paper we were more
interested in how community and broad scale (large area) variables are related to levels of food
poverty, with the ultimate aim of identifying driving forces and subsequent opportunities for
interventions to reduce food poverty. We were particularly interested in testing a number of
hypotheses, defined a priori by local experts outside a formal conceptual framework. Our
analysis sought to generate new hypotheses guided by the results of our geographically weighted
regression models. Models were run for two different food poverty lines. The spatial patterns of
significant parameters are fairly insensitive to the poverty line chosen. Greater differences in
spatial patterns were found between welfare indicators. The outputs of these models, visible in
map form, show that the processes that determine food poverty are spatially non-stationary. This
has implications for the design of policies to reduce food poverty and suggests that each cluster
of food poverty will require different classes of interventions. We see that in general the models
appear better defined for the southern and central coastal region than for districts in the Amazon.
This implies that perhaps a different set of potential factors could have been chosen, or that the
data were not reliable or entirely representative for those latter remote areas.
The proportion of the population classified as ‘indigenous’ is universally associated with higher
levels of food poverty and lower levels of food consumption. Higher levels of food poverty are
found in places with greater concentrations of indigenous people compared to non- indigenous
people. An exception is some Amazonian districts that are characterised by high proportions of
indigenous people. These Amazonian indigenous groups were poorly surveyed in the 1998
expenditure survey and district data on consumption and poverty may not reflect well their food
security situation. Our analysis confirms other studies, which suggest that, despite high levels of
social capital, being of indigenous descent limits one’s opportunities for improving one’s
livelihood. Targeting of interventions should address discrimination experienced by indigenous
communities.
The experience of food security experts in Ecuador and the findings of past research suggest that
poor access to water will result in higher levels of food poverty. This is broadly the case in
Ecuador but there are some areas that show results contrary to our hypotheses, areas where we
observe a negative association between drought and food poverty but where the effect of
irrigation, and coastal income sources are insignificant. These particular variables are interesting
in the context of the location of clusters of food poverty (see Testing hypotheses using regression
models in the Methods section) in the central Andes. Targeted investment in drought-tolerant
varieties of crops such as maize (Zea mais), rather than irrigation development, might be worth
considering in this region.

15

Comité de Investigación de Agricultura Local.
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Our panel of food security experts in Ecuador expected the appropriate use of land to be
universally associated with lower levels of food poverty. But this factor varied across the
country. We expected that, ceteris paribus, districts with a greater area used appropriately would
have higher food consumption, lower food poverty rates, and greater equality. In some areas this
is the case, but for many parts of northern Ecuador we find large areas supposedly used
inappropriately but with low levels of food poverty (such as the province of Sucumbios). These
areas are largely dedicated to the cultivation of crops and pasture despite severe limitations. The
patterns we observe may be because the exploitation of soil resources has yet to have negative
impacts on productivity. These areas in the northern Amazon have been relatively recently
colonised, plots are larger than in other parts of Ecuador (Murphy et al., 1997) enabling settlers
to engage in extensive forms of agriculture, notably cattle ranching. Alternatively, the influence
of oil production in these provinces may be enhancing district levels of food consumption and
reducing food poverty.
The negative association with the proportion of land owned individually and food poverty in the
north of Ecuador may be partly explained by the influence of the cut- flower industry. The county
of Cayambe has the lowest proportion of land owned by individuals and also contains the
districts with the highest food poverty rates in the province of Pichincha. Information on land
ownership at the district level – rather than assuming the county value is representative for all
districts – would improve this analysis. A more general indicator of land tenure structure is the
GINI coefficient of land ownership. This is a significant factor in all the models and the
association is as we expected given previous research, which found productivity to be lower on
small landholdings (World Bank, 1996). Our results concur with those of Hentschel and Waters
(2002), suggesting that land reform might be an appropriate policy route for reducing food
poverty. However, the ownership of land by individuals, as opposed to corporate or communal
ownership may not deliver lower levels of food poverty. Land reform must therefore take into
account the minimum amount and quality of land in each holding, economies of scale, and the
marketing power of cooperatives or informal groups of producers.
The results of the regression analysis suggest that employment in agriculture is associated with
higher levels of food poverty. Poverty rates are lower in communities where many agricultural
workers receive salaries compared to localities where informal agricultural employment
predominates. Districts with high proportions of salaried workers are found predominantly in the
banana growing province of El Oro, sugar cane plantations in eastern Guayas province and the
cut flower districts north-east of Quito. Our analysis supports the idea (de Janvry and Sadoulet,
2000) that the promotion of agro-enterprises may be a more successful route out of food poverty
than dependence on small- holder farming. Policies that aim to improve transport infrastructure,
to increase appropriate investment in inputs, and to lend financial and technical assistance will
likely promote the creation of small agro-enterprises (ODEPLAN - FAO, 2001).
Our analysis confirms that greater access to markets is associated with lower levels of food
poverty. Access to local district- level markets is not a significant variable. Access to provincial
capitals proved to be significant. Provincial capitals and local markets have different functions.
More significant commerce and income-producing activity occurs at provincial markets. How
well a household or community is connected to provincial markets is important for improving
food consumption. Spatial patterns of coefficients that suggest that policies focussed on
improving access to provincial markets, for instance by investing in the transport infrastructure,
would be beneficial to all areas of Ecuador. But these policies could have greater influence in the
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southern Andes and north-western Ecuador. The negative relationship between time to provincial
capitals and food poverty in the central Ecuador may be due to the fact that large towns, which
are important regional markets but are not provincial capitals, were not identified in the data as
accessibility target locations.
Our results suggest that the processes that are associated with food poverty do not reflect the
traditional ‘Andes’, Coast’ and ‘Amazon’ regions of Ecuador and that the provincial level is a
more appropriate scale of analysis than the region. Our ability to assess different policy options
at the provincial level is relevant given the trend towards decentralisation in Ecuador. The food
poverty maps also serve as a baseline against which future interventions can be judged for
evidence of impact.
This study demonstrates that explicit consideration of geographic and environmental factors
helps us better understand the patterns and processes linked to food poverty A spatial analysis
framework not only allows the incorporation of environmental variables but also helps reveal
patterns from socio-economic data. As a consequence, policies and interventions can be targeted
to specific areas and can be tailored to the specific combination of factors that are linked to food
poverty.
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Annex I:
District level regression variables (n = 670)
Dependent Variables

FGT_0H
FGT_0L
MEANY
FGT_1H
FGT_1L
FGT_2H
FGT_2L

Description

Units

Minimum

District headcount ratio using the higher food poverty line
District headcount ratio using the lower food poverty line
District mean food consumption per person per fortnight
District food poverty gap using the higher food poverty line
District food poverty gap using the lower food poverty line
District food poverty severity using the higher food poverty line
District food poverty severity using the lower food poverty line

%
%
Sucres
%
%
%
%

45.74
29.00
59 100
15.21
7.00
6.12
2.00

Independent Variables Description

MN_DRY
PR_RIE1
COASTAL
MN_SLP
MN_SUIT
PR_IND2
GINI
AGR_WF
SAL_AGR
INDIG
MN_AP

Units

Mean value of consecutive dry months per district
Proportion of productive units with irrigation per district
Dummy variable for districts that have a coastline (districts that benefit from fishing and tourism)
Mean slope per district
Mean value of land use suitability per district
Proportion of productive area per district owned by individuals
GINI coefficient of land ownership per district
Percentage of workforce in agriculture
Percentage of agricultural workforce with salary
Percentage of population classed as indigenous
Mean value per district of time to the nearest provincial capital
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Months
Ratio
Binary
Degree
% (* 10)
Ratio
Ratio
%
%
%
Hours

Maximum
97.90
94.00
248 800
66.45
57.00
49.25
40.00

Minimum Maximum
0.00
0.00
0
0.52
0.00
0.00
0.31
0.84
0.00
0.00
0.14

11.55
0.92
1
29.13
758.84
1.00
0.94
95.79
84.18
100.00
17.17

Mean
79.79
63.37
129 300
34.83
23.21
18.85
11.29
Mean
4.28
0.25
0.05
12.49
182.73
0.81
0.73
64.19
20.29
17.73
3.30

Std. Dev.
9.29
12.52
24 320
8.32
7.73
6.20
4.88
Std. Dev.
2.82
0.23
0.23
6.78
161.46
0.16
0.12
20.70
17.83
27.26
2.76

Annex II: Geographically weighted regression model summaries

n = 670

Parameter
Intercept
INDIG
MN_DRY
PR_RIE1
COASTAL
MN_SLP
MN_SUIT
PR_IND2
GINI
AGR_WF
SAL_AGR
MN_AP

FGT0_H
Adaptive bandwidth = 177 Nearest
Neighbours
Global Regression adjusted R2 = 0.45
GWR adjusted R2 = 0.70
ANOVA F-Value = 8.55
Global
Estimate

Global
T-value

49.074
0.049
0.145
1.681
-1.466
-0.036
-0.001
3.368
18.776
0.232
-0.153
0.439

13.40**
4.42**
1.19
1.17
-1.14
-0.72
-0.85
1.61
5.84**
15.80**
-8.29**
3.81**

Spatial
variability of
parameters
P-value
0.00**
0.08
0.04*
0.08
0.09
0.23
0.00**
0.00**
0.08
0.00**
0.09
0.02*

FGT0_L
Adaptive bandwidth = 177 Nearest
Neighbours
Global Regression adjusted R2= 0.49
GWR adjusted R2 = 0.73
ANOVA F-Value = 8.53
Global
Estimate

Global
T-value

31.758
0.106
-0.079
2.931
-2.687
0.046
-0.003
1.585
19.321
0.262
-0.221
0.546

6.68**
7.44**
-0.50
1.57
-1.61
0.70
-1.48
0.58
4.63**
13.81**
-9.26**
3.66**

* P<0.05, ** P<0.01
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Spatial
variability of
parameters
P-value
0.01*
0.01*
0.01*
0.09
0.11
0.30
0.01*
0.00**
0.18
0.00**
0.01*
0.00**

MEANY
Adaptive bandwidth = 172 Nearest
Neighbours
Global Regression adjusted R2 = 0.41
GWR adjusted R2 = 0.68
ANOVA F-Value = 8.41
Global
Estimate
213191
-144
-459
-7355
1127
-64
3
-8416
-53433
-554
371
-1111

Global
T-value
21.33**
-4.81**
-1.38
-1.87
0.32
-0.46
0.69
-1.47
-6.09**
-13.85**
7.39**
-3.53**

Spatial
variability of
parameters
P-value
0.00**
0.00**
0.01*
0.01*
0.13
0.39
0.02*
0.00**
0.07
0.00**
0.08
0.11

n = 670

Parameter
Intercept
INDIG
MN_DRY
PR_RIE1
COASTAL
MN_SLP
MN_SUIT
PR_IND2
GINI
AGR_WF
SAL_AGR
MN_AP

FGT1_H
Adaptive bandwidth = 170 Nearest
Neighbours
Global Regression adjusted R2 = 0.51
2
GWR adjusted R = 0.74
ANOVA F-Value = 8.39
Global
Estimate

Global
T-value

17.508
0.094
-0.129
2.518
-1.628
0.088
-0.002
-0.212
10.204
0.147
-0.139
0.328

5.63**
10.09**
-1.24
2.06*
-1.49
2.04*
-1.48
-0.11
3.74**
11.83**
-8.90**
3.35**

Spatial
variability of
parameters
P-value
0.06
0.00**
0.00**
0.04*
0.19
0.39
0.04*
0.04*
0.21
0.00**
0.00**
0.00**

FGT1_L
Adaptive bandwidth = 168 Nearest
Neighbours
Global Regression adjusted R2= 0.52
2
GWR adjusted R = 0.74
ANOVA F-Value = 8.38
Global
Estimate
10.641
0.099
-0.179
2.566
-1.441
0.115
-0.002
-1.157
7.156
0.114
-0.125
0.265

Global
T-value
3.70**
11.59**
-1.88
2.27*
-1.43
2.88**
-1.61
-0.70
2.84**
10.00**
-8.69**
2.93**

Spatial
variability of
parameters
P-value
0.07
0.00**
0.00**
0.00**
0.18
0.37
0.06
0.13
0.12
0.00**
0.00**
0.00**

* P<0.05, ** P<0.01

n = 670

Parameter
Intercept
INDIG
MN_DRY
PR_RIE1
COASTAL
MN_SLP
MN_SUIT
PR_IND2
GINI
AGR_WF
SAL_AGR
MN_AP

FGT2_H
Adaptive bandwidth = 170 Nearest
Neighbours
Global Regression adjusted R2 = 0.51
GWR adjusted R2 = 0.74
ANOVA F-Value = 8.47
Global
Estimate
8.746
0.082
-0.143
2.158
-1.168
0.095
-0.001
-0.997
5.717
0.089
-0.097
0.226

Global
T-value
3.78**
11.83**
-1.87
2.37*
-1.44
2.98**
-1.41
-0.75
2.82**
9.69**
-8.37**
3.12**

Spatial
variability of
parameters
P-value
0.07
0.00**
0.00**
0.00**
0.18
0.37
0.06
0.12
0.18
0.00**
0.00**
0.00**

* P<0.05, ** P<0.01
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FGT2_L
Adaptive bandwidth = 170 Nearest
Neighbours
Global Regression adjusted R2= 0.51
GWR adjusted R2 = 0.74
ANOVA F-Value = 8.31
Global
Estimate
4.805
0.070
-0.137
1.852
-0.880
0.088
-0.001
-1.109
3.535
0.057
-0.072
0.170

Global
T-value
2.62**
12.87**
-2.25*
2.57*
-1.37
3.46**
-1.10
-1.06
2.19*
7.86**
-7.82**
2.96**

Spatial
variability of
parameters
P-value
0.17
0.00**
0.00**
0.00**
0.16
0.36
0.13
0.16
0.17
0.00**
0.00**
0.00**

The importance of Paramos and Jalcas for the northern Andes population
Luz Angélica Suárez Cadavid and Jorge Rubiano
Introduction
In response to a commitment made during the planning meeting to discuss research in the
paramos of the northern Andes, the CIAT – Land Use Project has started preliminary research to
identify which watersheds are important according to the population they influence. The first
spatial analysis ident ified watersheds with land above 2800 masl and the dynamics of their
populations during the three decades 1980-2000. Land above this altitude is mainly occupied by
pre-paramos and paramos in the north and Jalcas in the south. As a result of this analysis,
technical problems in the management of raster data for areas at the sub-continental level were
identified. The details of the solutions we developed are not included in this brief summary.
Included here are some of the results and steps suggested to improve the analysis.
Population data and digital terrain models (SRTM) were supplied by the Land Use Project. The
original pixel resolution for the population data was 5 km and for the terrain models 92 m. Both
were adjusted to a pixel size of 460 m for the required overlays and calculations.
Methodology
The boundaries of areas above 2800 masl were defined using the 92m SRTM digital elevation
model for the Andean region. Nationwide boundaries of watersheds were obtained from the
several sources listed below in the references. Those watersheds having significant areas of land
above 2800 m were selected to be the study areas (Figure 1). The dynamics of the human
populations were analyzed for all the watersheds, discriminating between areas above and below
the altitude limit. Figure 2 shows the 2000 population density for the areas above 2800m.
Population density was expressed in pixels of 21 ha, the result of summing 25 pixels each 92 m a
side.
Results
The country with the greatest number of inhabitants in the paramos over the three decades is
Peru, however, the country with the greatest population density in areas above 2800m is
Ecuador. Populations in the Colombian paramos increased between the years 1990 and 2000, but
decreased in Ecuador, Peru and Venezuela.
In spite of overall population growth in the four countries, population density on the paramos s
declined over the three decades with the exception of Ecuador where population increased for the
decade1990s. Peru shows the highest percentage of population in the area of interest with
respect to the total population of the country. For the watersheds in this study the population
growth was higher during the decade of the 1980s. From this analysis, we selected the
watersheds with the highest population densities in the region (Figure 3) that also have
significant land area above 2800 masl.
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The next steps to consider are refining the information regarding the boundaries of the
watersheds draining into the Amazon, especially in Ecuador and Peru. We are in the process of
incorporating additional information about land use and rainfall dynamics into the analysis of the
hydrological dynamics of the region.

Figure 1.

Left: South American watersheds. Right: Watersheds above 2800 masl.
in the northern Andes.
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COLOMBIA

ECUADOR

Figure 2.

VENEZUELA

PERU

Population density for the year 2000 in areas above 2800
masl in Colombia, Venezuela, Ecuador and Peru.
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Figure 3.

The ten most important watersheds in the region
according to the total population occupying them.
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(UNEP), Center for International Earth Science Information Network (CIESIN),
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Country boundaries
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Basin Focal Projects of the Challenge Program for Water and Food
Simon Cook
(In collaboration with colleagues of the Challenge Program Water & Food)
Sources of funding: Challenge Program for Water & Food
Abstract
The Challenge Progam for Water and Food (CPWF) is a large and complex program of research
for development that aims to improve the benefit people derive from use of water in agriculture.
The pathway between global program goals and specific activities that satisfy them is long and
broad. Consequently a program of strategic research activities, called Basin Focal Projects
(BFPs), was initiated to define the relation between water, agriculture and poverty in basins,
from which analysis can specify opportunities and risks of change, together with the impact
pathway by which they seem likely to be addressed.
The first phase of the BFPs started in mid 2005 with projects in the Karkheh, Mekong, São
Francisco and Volta basins. This report outlines the analytical framework for analysis of water,
agriculture 16 and poverty within a basin, sub-basin and community scales.
Introduction
The need for basin focal projects: The CPWF is an extremely large and complex undertaking. It
currently comprises 33 projects in nine basins throughout Latin America, Africa and Asia, and
examines themes ranging from crop water productivity through community-scale water
governance to the impact of global trade policies on water use. The business model for this
CPWF is deliberately inclusive and open-ended, and has succeeded in attracting 158 separate
institutions to the program.
Objectives of the CPWFWF
Development objective
To increase the productivity of water for food and livelihoods, in a manner that is environmentally
sustainable and socially acceptable.
Intermediate objective
To maintain the level of global diversions of water to agriculture at the level of the year 2000, while
increasing food production, to achieve internationally adopted targets for decreasing malnourishment
and rural poverty by the year 2015, particularly in rural and peri-urban areas in river basins with low
average incomes and high physical, economic or environmental water scarcity or water stress, with a
specific focus on low-income groups within these areas.

16

For brevity, the term agriculture is used to represent the range of rural activities including rainfed and irrigated
cropping, fishing, and forestry.
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Scale and complexity have a price that becomes evident as effort moves from general aims to
specific objectives. The general objectives, stated clearly in the original CPWF proposal (restated above) articulate the scale of the global problem and the general demand for research.
However, these are increasingly difficult to identify when they are translated into specific
actions, with identifiable outcomes, over defined areas and influencing target groups of people.
Further, in terms of supply, while the current portfolio of projects was selected on the basis of
their match with program goals, the extent to which they contribute toward these goals canno t be
determined without a clear statement of the demand. These problems were noted by the CGIAR
Science Council (CGIAR Science Council, 2005).
Purpose of the BFPs: A portfolio of basin focal projects was initiated by the CPWF Steering
Consortium in March 2005 to address this major problem of strategy. The purpose of the BFPs
are to:
Methods: Implementing a global analysis of water, agriculture and poverty for the CPWF
Water and Food
Research structure: Advanced research institutes lead teams in nine basins. The research effort is
being executed in two phases. Phase I comprises focal projects in the Karkheh, Mekong, São
Francisco and Volta basins. Phase II comprises projects in the Limpopo, Indo-Gangetic, Ganges,
Yellow and Andean basins. A tenth basin – the Niger – will be added to the portfolio at the
behest of the French donor. All projects are coordinated by a central team based at the Challenge
Program secretariat in Colombo, Sri Lanka. Two other projects are included in this portfolio of
work – Impact Assessment 17 and a small project about the interactions between water and food
systems offered by the Global Environmental Change and Food Systems (GECAFS).
Karkheh
IWMI
AREO
ICARDA

Mekong
CSIRO
MRC, SEI
JIRCAS

Impact
Assessment
CIAT, IFPRI

Limpopo

17

Sao
Francisco
UC Davis
EMBRAPA

Phase I

Food
systems
GECAFS

BFP Coord.
CIAT, IWMI

Nile

Volta
IRD
WRC, CNRS

IGB

Yellow

Andean

Phase II

Research on impact assesment and Food systems is not reported here. A report on Impact Assessment is included
in IPRA Annual Report.
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In Phase I, BFPs were commissioned directly, to enable rapid start- up of methodology
development. Teams for Phase II will be selected through a peer-reviewed open call. All projects
are due for completion in 2008.
Through workshops, literature review and preliminary hydrologic and econometric modelling
using basin-wide data, teams have developed proposals that include a range of analytical
methods that conform to an overall conceptual framework. This balances flexibility – necessary
to respond to between-basin variations of data availability, problems and scale – with coherence
– necessary to compile a global comparison.
Description of the research problem: Water scarcity and the demand agriculture places on
increasingly scarce water resources is a global problem. Analysis points towards a worsening
competition between the demands to expand food production to feed a growing world
population, while satisfying the needs of other users, whose demands seem to be increasing at a
greater rate. Over all of this there is an emerging recognition of the need to preserve vital
ecosystem services that, in some cases, may indicate that all users must reduce demand.
The problem addressed by the CPWF is reducible to two features: global water productivity and
water poverty.
Global agricultural water productivity is the benefit derived through agriculture from the quantity
of water consumed by it. This conversion must improve if the water necessary to meet future
food demands is to be reconciled with other needs.
Water poverty defines the loss of livelihood that is water-related. Not all water-poor are poor;
nor are all poor people water-poor. However, a significant number of people derive
inadequate livelihood from water either because they lack access to water, or because the
water is not used as effectively as it could be. The aim of the BFPs is to define where these
people are and the modifiable factors that affect them.
This is an extremely challenging research problem. The basic characteristics of the problem are
as follows:
?? The link between water, agriculture and poverty is cannot be generalized because people
derive livelihood from water through a virtually infinite variety of mechanisms.
?? The hydrologic and socio-economic processes that govern the availability of water operate at
a range of spatial and temporal scales. Pressures can be localised or widespread, acute or
chronic.
?? Detailed observations of local-scale responses to pressure and the processes they involve are
extremely sparse and of their representativeness is uncertain for large areas within the entire
basin.
The research challenge can be stated as defining, as accurately as possible, areas of significant
water-related poverty and, from analysis, identify specific opportunities and risks of change in
agricultural water management.
The precision with which such assessments can be made will depend on three factors:
1. The scale and complexity of the problems
2. The degree to which this complexity is matched by current (multi-disciplinary)
knowledge and
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3. The level of observation (data) that can be acquired to apply knowledge.
Conceptual linkage between water, agriculture and poverty
A report from the Comprehensive Assessment of Water Management in Agriculture (Bruns et
al., 2005) formulates a complex picture of the relationship between water, agriculture and
poverty. From this, it is apparent that specific linkages between water and poverty are not
generalizable because of the variety of paths through which particular groups of people access
and use agricultural water, individually and collectively. We take this one step back and
generalize the conceptual problem as defining the relationship between the water (resource),
agriculture (system) and people (livelihood outcome).

“Water Poverty”

Access to Water

Water productivity

Figure 1. Basic concept relating water
access and water productivity to

This relationship can be expressed in a triangular
form (Figure 1). Variation of access to water may
be related empirically to poverty measures (see
below). But improvement of access to water, per
se, is not sufficient to account for all the
livelihood support attainable from water. It is also
necessary to identify the effect of variation in
water productivity, defined by Molden et al.
(2003) as the net benefit from a volume of water
consumed by agriculture. Institutions constrain or
promote the flow of benefit through the triangular
relationship. This concept provides a basis for
further analysis at a range of scales.

Poverty mapping provides broad overview: Information is required about the distribution of
poverty within basins. This uses existing census or household data, where possible improving
spatial resolution by means of geographical regression models such as Bigman and
Fofack(2000), Minot (2000) or Farrow et al. (2005). The broader arguments for poverty mapping
are explained by Davis (2003) and Hyman et al. (2005).
Empirical evidence from poverty mapping demonstrates that in some cases, variation of water
resources can be related to the distribution of poverty, as measured by conventional indices of
income or consumption (e.g. Farrow et al., 2005). This same body of evidence, however, also
demonstrates that there are many cases where poverty is influenced more strongly by factors
other than water availability.
Estimating degree of access to water
Access to water for direct use and sanitation is a basic necessity. Access to water is a major
determinant of food production, hence income. Plant-available water varies according to rainfall,
potential evapo-transpiration and storage capacity, or the provision of irrigation. Variation in
water resource availability is estimated at basin-scale by means of functional hydrologic models
such as WEAP (REF) or MIKE-Basin. These models represent broad-scale surface flow
distributions within river basins. Water accounting methods of Molden et al. (2003), Molle and
Renwick (2005) and others to represent time-bound allocation of flows according to categories
of beneficial, non-beneficial use and flows committed for environmental function (Figure 2).
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Figure 2. (Molden et al., 2003).

Analysis of localised patterns of water availability requires different approaches, using
physically-based hydrologic models such as MIKE-SHE, where sufficient data exists for
parameterisation. Complementary detailed analysis of water-balance in cropping systems
provides insight of limitations under rainfed conditions. Case studies describe institutional
factors that determine access to water resources within a given area.
Water productivity: livelihood support derived from water
The concept of water productivity was introduced by Bruns et al. (2005) to represent the benefit
derived for a given volume of water consumed. Originally applied to irrigation schemes through
the concept of ‘more crop per drop’, we now broaden the notion to account for a broad range of
benefits from rainfed crops. Further expansion of the concept is occurring for livestock systems
(Peden et al., 2003) and fisheries (Lemoalle, 2006).
The value of the concept is twofold. Firstly it provides a diagnostic of the effectiveness of
agricultural systems. In rainfed systems, low water productivity could indicate opportunities for
improved soil water and nutrient management. Low water productivity of irrigated systems often
indicates opportunities for re-distribution to systems with higher marginal value.
The second use of water productivity is to identify opportunities for changing the distribution of
water resources to achieve higher net water productivity, by either increasing productivity for the
same volume of water consumed, or by reducing water consumption without significantly
reducing productivity (this has been achieved by modifying pricing policy to reflect marginal
costs of water more closely).
No single measure of water productivity will satisfy all demands. For a general assessment of
sub-basin function, total water productivity is required. Partial water productivity - i.e. measures
for specific activities, even though they cover only part of the area – may indicate opportunities
for improvement. To compare water productivity across different environments, a measure of
relative Water productivity, the productivity from a given location in comparison with the best
measured water productivity of a similar environment.
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Multi-scale analysis of current conditions, opportunities and risks of change
Analysis occurs at basin, sub-basin (município) and village scale, linked by rules. Basin-scale
analysis is predominantly hydrologic, looking at water flows, availability and allocation of water.
Sub-basin scale analysis examines distribution of water more closely, within agriculture
livelihood systems. More detailed analysis determines the impacts of stresses on specific
members of communities. In some basins (e.g. São Francisco), local analysis is needed because
the extreme diversity of activities and livelihood support systems. Processes at each scale impact
on one another to a variable degree, depending on activity and location. These links are
represented by sets of ‘rules’, determined theoretically (e.g. through the use of process-based
hydrologic models) empirically (through econometric analysis) or solicited through expert
knowledge. Rules are determined for specific sub-areas on the basis of a top-down broad-scale
analysis that identifies areas of specific interest. Alternatively rules may be generated bottom-up,
from detailed analysis that is extrapolated to areas deemed to be similar. The composition of
rules (quantitative vs. qualitative) is determined largely by the availability of data.
Development of a progressive knowledge base
A substantial body of hydrologic knowledge already exists for most of the basins, but it is
fragmented and not organized with respect to the explanation of poverty. Detailed case studies
are necessary of sociological and anthropological aspects of community-scale impacts of
stresses, and local governance of water. These are, however, not related to knowledge of water
availability and its use in the agricultural systems that people manage over large areas within
each basin. Additionally, there is poor linkage of comparative systems between basins that could
otherwise use detailed knowledge in one basin to help explain situations in others.
The intention of the development of a progressive knowledge base is to share knowledge as it
develops, and organize it with respect to geographical provenance, through the IDIS data-base
that is being established for each basin, on the assumption that insight about one area is likely to
be most interesting to other areas with similar characteristics. At the same time, IDIS is seen as
the platform through which basic hydrologic and socio-economic information can be accessed by
users.
Budget:

Approximately $10m. over 3 years.

Personnel
CIAT: Simon Cook (Leader, BPF Central), Boru Douthwaite and Jorge Rubiano (Impact
assessment);
IWMI: Francis Gichuki (BFP technical manager). Mobin- ud-Din (Leader, Karkheh BFP)
CSIRO; Mac Kirby (Leader, Mekong BFP)
U.C. Davis; S. Vosti (Leader, Sao Francisco BFP), Marcelo Torres, Wes Wallender
IRD; J. Lemoalle (Leader, Volta BFP), Isabelle Terrason..
Principal team members: AREO (Iran); CNRS (Burkina Faso); EMBRAPA; ICARDA; JIRCAS
(Laos); Mekong River Commission (Laos); SEI (Bangkok); WRC (Ghana).
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Climatic data and tools for risk mapping as an aid to FAO Farmer field
schools in the semi-arid areas of Kenya
Andrew Farrow
(In collaboration with colleagues of ICRISAT East Africa –K.P.C.Rao, P.Cooperand IMTR Kenya –S. Gathara-)
Introduction and background
The Food and Agriculture Organisation of the United Nations (FAO) is planning to establish
some 50 agro-pastoral Farmer Field Schools (FFS) in the semi-arid tropics of Kenya, specifically
in the districts of Machakos, Mwingi, Kitui and Makueni. In these semi-arid areas climate is
more variable than districts with established FFSs, as a result of which farmers are faced with
significant climate risks related to small farm management.
A week- long working meeting was held in Nairobi in November, 2005. The objective of the
meeting was to investigate how agricultural innovations could be better targeted and learning be
facilitated through an improved understanding of climatically- induced uncertainty in crop
production. The objective was addressed from two complementary perspectives, namely
Through the characterisation and mapping of the longer-term agricultural implications of climate
variability and
Through shorter-term seasonal climatic forecasting (not discussed here).
The Institute for Meteorological Training and Research (IMTR) based in Nairobi, Kenya hosted
the meeting. Researchers from Kenya Meteorological Department (KMD), Kenya Agricultural
Research Institute (KARI), the International Crops Research Institute for the Semi- Arid Tropics
(ICRISAT) and the International Center for Tropical Agriculture (CIAT) attended the working
week.
Interventions
A team of researchers from ICRISAT and the University of Reading visited some pioneer farmer
field schools in the district of Kitui in October 2005. The value of climate information was
considered by district officers and local FAO representatives to be more crucial for those field
schools dealing with crop systems, as opposed to those exploring livestock and other systems.
Farmers asserted that if the season is predicted to receive good rainfall they plant more area with
long-duration high- yielding hybrid varieties compared to the seasons predicted to have below
normal rainfall.
The team id entified a number of plausible interventions.
?? Location specific choice of maize varieties from six different varieties recommended by
government and private organizations
?? Organic and inorganic fertilizers applied to maize
?? Location-specific choice of maize varieties from five varieties recommended for cultivation
in that area.
?? Off- farm off-season activities like basket weaving, composting, and poultry keeping and
construction of conservation structures in the field.
118

These interventions were discussed during the working week in relation to the importance of
climatic variability to their success or failure. The participants added to this list and then ranked
the interventions considering amount of time available to them. The top three interventions were
chosen for in-depth consideration(Table 1), other interventions would be tackled if time
permitted.
Table 1. Ranking of interventions by workweek participants
?
?
?

Selection of crop – Maize vs. Millet/Sorghum
Fertiliser Application rates (N)
Planting density

Figure 1. Study Area, with rainfall gauges and KMD Met stations.

The climate surface used as a background in this map is the WorldClim surface (Hijmans et al,
2005).

Climate data
The participants decided that the type of interventions chosen should be subject to climatic risk
based on the following variables:
??
Number of rainy days per season,
??
Monthly rainfall means,
??
Extreme rainfall events, and
??
Dry-spells in rainy seasons.
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Nearly all of the participants were familiar with the Instat software (Stern, et al., 2005), which
can extract these variables from a given set of meteorological data. The participants planned to
compare values of these variables for different locations within the study area and to draw
conclusions from them. They first planned to make a visual analysis of data for different
locations and then to use the data as input to a crop simulation model. The results of this stage
would also be used to validate the simulated weather data generated by the MarkSim software
(Jones et al., 2002).
The study area is formed of parts of the districts of Mwingi, Kitui, Machakos and Makueni.
Average annual rainfall varies between 1100mm in the hills of northern Makueni district, to
500mm in eastern Mwingi district (Figure 1). There are many climate datasets available for this
area, the majority of which are from voluntary rainfall gauges, but unfortunately many of these
are not yet digitized. For the current exercise, digital data were provided for a number of KMDmanaged stations supplemented by data for voluntary rainfall gauges.
MarkSim validation
Datasets were compared for four rainfall stations: Katumani, Kabete, Makindu and Kitui Voo.
Using the MarkSim software daily weather data were simulated for the same number of years as
the observed data for each rainfall station. Each simulation was repeated 10 times using a
different random number seed in order to test the variation between simulation runs.
Katumani
The comparison between observed data and simulated data at the Katumani meteorological
station showed some important differences. These were more apparent for the short-season rains
(Figure 2) than the long-season rains. There were also large differences - up to 25% - between
different MarkSim runs. An analysis of the rainfall events (Figure 3) showed a greater number of
more extreme events in the actual data, which has been documented for other locations (Waters,
2005). These events were noticeably more frequent in November, which may have contributed to
the higher rainfall totals in the short-season rains for this site. Indeed, the averages for November
for the different runs were far in excess of the monthly means used as input to MarkSim (in the
CLX file) to generate the daily weather18 . Some more research will be needed to discover the
cause of these anomalies in the simulated data.
Kabete
The process was repeated for Kabete station, a wetter location than Katumani and with a shorter
30-year record of daily weather observations. Eight MarkSim runs were analyzed.
The MarkSim data were much more similar to the observed data for both the long- and shortseason rains (Figure 4) than at Katumani. Differences between simulation runs were also quite

18

The monthly mean observed rainfall for the month of November at Katumani is 162mm. Katumani station is on
the boundary between two pixels of the MarkSim climate surface. The pixel immediately to the south of Katumani
gives values of 181mm, while the pixel to the north has a monthly mean of 290mm. Simulated data for Katamani
gave an average of 263mm. A location in the middle of the southern square was simulated for 99 years and the
average monthly rainfall total for November was 253mm.
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Figure 2. Comparison of short season rains at Katumani.
Comparison of probability of exceeding rainfall totals for the Short Rains
Season (Oct-Dec) of observed data 1961 - 2001 and data simulated using
MarkSim for Katumani, Kenya
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Figure 3. Comparison of extreme rainfall events at Katumani.
Comparison of probability of number of extreme rainfall events of observed
data 1961 - 2001 and data simulated using MarkSim for Katumani, Kenya
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Figure 4. Comparison of long season rains at Kabete.
Comparison of probability of exceeding rainfall totals for the Long Rains
Season (Mar-May) of observed data 1972 - 2001 and data simulated using
MarkSim for Kabete, Kenya
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Figure 5. Comparison of maize yields at Katumani and Makindu.
ApSim Simulated Maize Yields with 40kg/ha N as Urea, Plant density 3/m 2.
Using observed met data Katumani, Kenya 1957 - 2004 and simulated met
data Makindu, Kenya 1962 - 2002
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small for the short-season rains. This was not the case for the long rains between observed and
probabilities of rainfall to be higher in the simulated dataset, most notably in the long rainy
season. Differences between simulation runs are greater in the short rainy season but do not
appear to be significant.
Rainfall events, especially those with over 75mm in one day are more common in the simulated
dataset, this may again explain the slight over-estimation of rainfall that is simulated by
MarkSim.
Analysis interventions in ApSim
ApSim is a crop simulation model that works on a daily time step. ApSim requires rainfall,
temperature and solar radiation. These variables are commonly not available for many locations;
even those that have long term records of rainfall frequently do not have all the required climatic
information. Using simulated data is the only way of ensuring that ApSim can be run for these
locations. Observed data were prepared beforehand for the Katumani station for the years of
1957 to 2004 – a slightly different dataset to that used in the MarkSim validation. The results
from the observed data at Katumani would be used to compare with results using weather data
simulated by MarkSim for the station of Makindu.
Table 2. Characteristics of Makindu scenario.

Baseline scenario
Crop
Variety
Climate
Soil
Planting density
Planting depth
Planting window (1)
Planting window (2)
Fertiliser application

Maize
Makueni
Simulated (42 years)
Katumani (164mm soil water)
3 plants/m2
30mm
1st March – 30th March
1st October – 30thOctober
50kg N as urea

The limited time available allowed for the exploration of one scenario only (Table 2). The
simulated maize yields at the two locations can be seen in Figure 5. Differences between the long
rainy seasons are small. The short rainy season is generally considered the most reliable but
shows large differences between the two locations. In Makindu a farmer could expect a yield of
2 tonnes per hectare roughly every other year in the short season, however in Katumani that
probability rises to almost nine years out of ten. These are significant differences and it can be
seen that this is the first step in using simulated weather data for risk mapping.
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Conclusions
The tools used during the working week – Excel, Instat, MarkSim and ApSim – offer sufficient
functionality for assessing risk in agriculture and pastoral systems associated with climatic
variability. The working week highlighted the fact, however, that there is still a lack of
integration between these different tools. This lack of integration means that many of the
participants will have trouble undertaking the type of analysis necessary to produce information
that can be utilised by district agricultural officers or by other agencies such as FAO.
There are also some doubts about the validity of using MarkSim where meteorological data do
not exist given the variation in results seen above. Clarification is needed regarding the causes of
these variations and some guidelines will need to be given to users so that they can assess the
validity of the simulations and some troubleshooting tips.
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Coffee systems mapping using satellite images
Sandra Bolaños, Natalia Uribe, Herman Usma, German Escobar,
Alexander Cuero and Thomas Oberthür
(In collaboration with colleagues of the University McGill, Canada –R. Sengupta, J. Seaquistand the Federacion Nacional de Cafeteros de Bogotá –G. Rubiano, M. Cordoba-)
Sources of funding: German Federal Ministry for Economic Cooperation BMZ and the
Federación Nacional de Cafeteros
Background

Currently, the system that developing countries use to map distribution of coffee crops is mainly
based on photo- interpretation, which is expensive, tedious and inaccurate. Therefore coffee
maps cannot be updated frequently and production cannot be accurately estimated. If such
countries could map coffee crops in a cost-effective way, they would have an advantage in terms
of setting prices and getting a higher return for their product. Satellite images and geographic
information systems (GIS) offer a cost-effective way for crop mapping, but their potential to map
different coffee systems (monoculture, polyculture and agroforestry systems) needs to be
evaluated.
Project Description
To explore the use of satellite images and GIS for coffee mapping, a protocol for the analysis of
image, GIS data and ground truth sampling was established based on literature review and
experimental tests in the field.
Three study areas in the municipalities of Oporapa, Timana and Pitalito in the department of
Huila, Colombia were chosen to conduct field work to characterize and georeference different
coffee systems. A total of 49 samples were surveyed in which percentage of cover over coffee
was measured using GLCF protocol (GLCF, 2005). By choosing homogeneous squares of 60m2
we measured the presence/absence of forest cover over coffee by walking two diagonal transects
taking measurements with a tubular densitometer. Also, the species composition in agroforestry
systems was identified.
These samples have been used to characterize the spectral response of different coffee
systems/different percentages of cover over coffee in LANDSAT images. Topographic
characteristics of coffee fields such as elevation, slope and aspect were also analyzed using
27000 point of the National Survey of Coffee Areas (FNC, 2000) and 270 point of the
Diversification Agriculture Project Alliance (DAPA). Some of these points will be used for
accuracy assessment; while others will be used for training. Aerial photos were scanned and
georeferenced in order to use them as ancillary information for texture characterization and to
analyze the spatial distribution of error.
During the spatial analysis, remote sensing and GIS data had been integrated in an object-based
approach, which gives us comprehensive information about the shape and context of a particular
area. It has been found (Baltsavias, 2004; Benz et al., 2004; Blaschke and Strobl, 2001; Burnett
and Blaschke, 2003; Hay et al., 2001; Kartikeyan and Sarkar, 1998) that this approach provides
more information than the pixel-based method, traditionally used in the integration of remote
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sensing and GIS, but the scale parameter used to create the objects needs to be investigated
further.
The use of spatial statistics to find an appropriate scale parameter for these objects has been
evaluated. We found that the variogram (the average square difference in reflectance between
contiguous pixels plotted against the distance) can be used to find the scale of spatial variation of
the spectral response of land cover classes, where the x coordinate of the sill point in the
variogram relates information on the scale of spatial variation. Using a high resolution image
(Quickbird), we shall find this ‘operational’ scale for coffee areas, and a medium resolution
image such as Landsat will be resampled to this scale through spectral unmixing techniques.
The output will be integrated in the object-based analysis described before. Due to bad weather
conditions over the study area in 2005, the Quickbird image will now be taken in May, 2006.
The high resolution image will be also used to characterize spectrally the response of different
coffee systems and to determine how spectrally different they are.
In a previous experiment, we found that coffee areas can be confused with forest in image
classification, due mainly to the topographic effect, which masks coffee areas as forest cover
(Furby and Bolaños, 2004). Therefore, this topic has been chosen for further analysis, as the
undergraduate thesis of Natalia Uribe. So far, the literature review and a protocol for field work
have been defined. The field work will focus on collecting sample points of forest that are
confused with coffee in the digital classification.
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Overcoming Land Degradation to Mitigate Deforestation in the
Humid Tropic Ecoregions
D. White, S. Fujisaka, C. Lascano, J. Wallace, S. Cook, I. Rao, N. Johnson,
M. Rondon and A. Bellotti.
(In collaboration with colleagues of CIFOR –F. Campbell-, ASB –T. Tomich-, CSIRO –J.
Wallace-, and CIAT Consultant S. Fujisaka)
In 2005, the Global Environment Facility (GEF) announced the approval of a project to develop
a full research and development proposal. Six countries endorsed the project (Brazil, Cambodia,
Honduras, Rwanda, Vietnam) for three CGIAR centers (CIAT, ICRAF, CIFOR), a system- wide
program (ASB), and an international NGO (Catholic Relief Services) to advance the
collaborative effort. Below is the justification of the project. The proposal development process
will continue for 1.5 years.
Tropical deforestation is one of the primary causes of global environmental change.
Recent estimates indicate that an average of 5.8 million hectares of humid tropical forest are lost
per year. Numerous pressures cause deforestation. At the local level, they include timber
extraction, agricultural expansion, and infrastructure development. Agricultural expansion is, by
far, the leading cause of deforestation.
Agricultural expansion is expected to continue as the world’s population grows from 6 billion
people in 2000 to 7.5 billion within the next 20 years. The productive capacity of new
agricultural lands in the tropics, however, is typically short- lived. Soon after converting forests to
agricultural use, harvests decrease markedly brought about by soil erosion, nutrient depletion,
and weed infestations. Therefore, despite the creation of new agricultural areas, land degradation
creates a need to deforest more land.
Overcoming land degradation was identified at the 2002 World Summit on Sustainable
Development (WSSD) as an important means to alleviate poverty and achieve the Millennium
Development Goals (MDG). The MDG are a commitment by Heads of State to assist people in
their struggle against poverty and conflict. The goals include halving the number of people living
on less than US$1 per day and integrating sustainable development principles into country
policies and programs. The 2005 Millennium Ecosystem Assessment (MEA) echoes the findings
of the WSSD by stating that serious degradation and unsustainable use of ecosystem services
have impacts on air quality, climate, water and erosion, disease, pest and natural hazards, thus
affecting the entire biosphere.
Deforestation and land degradation in the humid tropics threaten the provision of important
environmental goods and services to many people at both global and local scales. The humid
tropics host much of the world’s biodiversity and are large repositories of carbon stocks.
Reflecting their biological richness and complexity, the tropical and subtropical moist broadleaf
forest biome (TSMF) contains the largest number of ecoregions amongst the thirteen major
terrestrial habitat types. A majority of the world’s twenty- five biodiversity hotspots, where
endemic species are undergoing exceptional loss of habitat, is located in the more humid areas.
Furthermore, such humid regions not only store the greatest amount of total carbon (in
vegetation and soil) of all agro-climatic zones, but also have the highest carbon storage density
(T ha-1 carbon), significantly higher than that of drier areas.
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Humid regions are home to nearly 1.8 billion people, approximately one-third of the global
population. Unfortunately most live in poverty. Like many of the world's poor who live in rural
areas, the inhabitants of humid regions depend on the goods and services provided by land (e.g.,
soil and nutrient stocks, water, forest products). Yet, land degradation lowers both the short-term
productive capacity and the longer-term resilience of land to withstand exogenous shocks, such
as floods. Since the livelihoods of the rural poor tend to rely disproportionately on agricultural
production from marginal land, they are the most vulnerable to land degradation and food
insecurity problems. The rural poor are often trapped in a vicious cycle of poverty and declining
soil fertility. Relevant knowledge and appropriate technologies are needed to generate adequate
income, replenish soil fertility and overcome land degradation.
Many factors lead to land degradation and deforestation.
Whereas human activities that directly affect forest cover are local- level pressures, the
underlying drivers of deforestation are largely social processes occurring at a regional level.
These influences include poverty, land-use technologies, institutions, national policies, and
demographics. Nevertheless, no global silver bullet remedy exists to reverse land degradation
and prevent deforestation, especially since local and regional influences act in combination and
differ according to site. Furthermore, it is naïve to expect that improving agricultural
productivity inevitably alleviates deforestation. Increased earnings can spur an inflow of
migrants who may hasten the conversion of forests to agricultural uses.
Addressing soil fertility decline associated with land degradation is not a simple challenge. In
ecological parlance, it is a “slow variable” that interacts pervasively over time along with a range
of other biological and socio-economic influences. Soil fertility losses are not just a problem of
nutrient deficiency but also of inappropriate germplasm and cropping system design, interactions
with pests and diseases, urgent needs to produce food, often-perverse incentives of national and
global policies, and institutional failures. Sustained soil fertility requires a long-term perspective
and a comprehensive multidisciplinary systems approach of integrated soil fertility management.
In the context of the humid tropics, high temperatures and rainfall accelerate weathering and
chemical reaction rates, thereby exacerbating land degradation.
Research and development (R&D) responses to deforestation and degradation have had less
impact than desired. While international and national organizations attempt to promote
sustainable land management (SLM) practices, investments to encourage SLM are predicated on
what, from a broad overview, appear to be piecemeal ad hoc decisions that are often ineffective
and unsustainable.
Simultaneously addressing forest conservation and sustainable agricultural production is a
necessary strategy to minimize forest losses and rehabilitate degraded lands. The World
Commission on Forests and Sustainable Development supports a more comprehensive approach
by advocating planning “for the use and protection of whole landscapes, not the forest in
isolation.” Similarly, the Convention on Biological Diversity (CBD) encourages cooperation
with many different actors for integrated management of natural resources.
To remove barriers to SLM, the proposed project consists of five linked efforts: 1) the
development and adaptation of technology and management innovations for forest and
agricultural land uses with local communities, 2) policy dialogue amongst government and nongovernment organizations including environment, forestry, agriculture, commerce and
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transportation sectors, 3) enhanced market linkages for goods and environmental services, 4) the
strengthening of local organizations in order to more effectively develop and adapt technology
and management innovations and participate in policy dialogues, and 5) information and
knowledge management. These efforts address essential “enabling conditions” required to
overcome land degradation and deforestation pressures. The linking of scientific inquiry with
enhanced stakeholder dialogue helps to identify the research and development priorities in each
country site.
Technology and management innovations:
The less-wealthy have difficulties restoring degraded lands. Since the poor must first address
their daily livelihood needs, they can rarely afford to improve their land and are often trapped
into mining their natural resources. Expensive initial investments, low earnings, and long
payback periods of some SLM practices prevent their adoption by many farmers. The project
aims to fill a gap between the supply of technology and management innovations and the
demand for solutions appropriate to specific biophysical, institutional and socioeconomic
contexts. To increase the probability of adoption, farmers, development practitioners and
researchers will conduct systematic ex ante analyses of options. These innovations will be
prioritized and targeted according to inherent land gradients at two scales: farm and landscape.
At the farm scale, improved management systems will consist of new germplasm materials
ranging from agricultural crops and multipurpose forage grasses and legumes to shrubs and trees.
These options will target specific agronomic conditions and household needs. The identification
of within- farm soil fertility gradients will enable farmers to fine-tune the management of new
germplasm to their heterogeneous land resources. Severely degraded lands can be rehabilitated
with previously unavailable grasses, shrubs and trees. Many of the shrubs and trees are
leguminous that can markedly improve soil qualities. Enhanced income from improved
agricultural systems can provide the financial flexibility and stability necessary for farm
households to dedicate less land to agriculture, and to experiment with new, more diverse crop,
livestock, shrub and tree systems. In addition, improved management has numerous positive
environmental externalities: reduced pressures to migrate or expand production into forested
areas, increased soil carbon stocks (e.g. with trees and deep-rooting African grasses), and
enhanced watershed services.
Especially for resource-poor farmers, land use practices that are less dependent on external
inputs will allow intensification and diversification of current crop/livestock systems. Crop and
forage species grown on depleted soils typically respond to nitrogen and phosphorus fertilizers.
Nevertheless, fertilizer recommendations, where they exist, are applicable to large areas and
ignore within- farm soil fertility gradients. The identification of these gradients, a common
feature of smallholder farms, enables farmers to strategically target available fertilizers (i.e.
organic and inorganic) for more effective investment of their limited resources.
At the landscape scale, the project will select sites representing different concentrations of
agriculture-forest land use. These intensification gradients of land use mosaics, which also take
into account institutional factors (e.g. market access, social capital, cultural norms, land tenure),
facilitate the identification of promising interventions for farmers, development practitioners and
policymakers. For instance, to increase the likelihood of technology adoption, trees may be part
of agroforestry systems, in separate land parcels on private farms, or part of communal lands.
Feasibility and preference analyses will be conducted for new land use technologies and
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management practices. Participation of international NGOs such as Catholic Relief Services
(CRS) and CARE enables research activities to be co-developed and integrated into development
activities.
Policy dialogue amongst national government and non-government sectors:
International, national and local policies can provide incentives to improve agricultural lands and
conserve forests. Appropriate interventions can foster SLM. Land tenure, agricultural credit,
national and international commodity pricing, and creation of protected areas are just a few of
the policy-based factors that affect land degradation. Project stakeholders will review and discuss
policy effects, both positive and negative, and, explore policy innovations.
Discussion with other international organizations and processes, such as Food and Agriculture
Organization (FAO), United Nations Forum on Forests (UNFF), International Tropical Timber
Organization (ITTO), international and local NGOs, and other partners can facilitate the
development of sustainable management practices for different types of agriculture and forest
land uses and to disseminate project results. Policymakers and donors will be targeted to
illustrate the economic viabilty of smallholders and communities in managing productive
agriculture lands, agro-forestry systems, natural, secondary and plantation forests.
Market linkages for goods and environmental services.
Market incentives can provide encouragement for SLM. The project aims to foster the
development of policies that facilitate the identification and development of markets for
agriculture and forest products based on improved product quality, lower production and
transportation costs, and fewer intermediaries. In addition, remuneration for environmental
services (e.g., hydrological cycles, soil retention, biodiversity, carbon stocks) can make more
SLM practices attractive to adopt. The project will also explore cost-effective ways to connect
owners of carbon stocks, which can be spatially distant and heterogeneous, with the Clean
Development Mechanism (CDM).
Strengthening local organizations:
Tropical deforestation is a systemic problem that requires deep policy and institutional reform at
all levels. Public meetings with open discussion can facilitate better understandings of differing
objectives of diverse stakeholder groups, which often range from local associations to national
and international organizations (e.g. land users, policymakers, development practitioners and
scientists). Dialogue can reduce potential conflicts. Yet, such meetings and corresponding policy
negotiations rarely have balanced representation. Even when local groups participate, they tend
to be smaller and less influential. By working with rural organizations, the project aims to
enhance their capacities to shape policies. In some instances, local level institutions and policies
can take the place of national policies, which are often enforced incompletely. Local agreements
can be effective ways foster SLM. Social fencing, for example, is a practice wherein people
voluntarily protect forests without government enforcement.
Information and knowledge management:
The project starts with a comprehensive diagnosis and prioritization process (DPP) that enables
stakeholders to prioritize strategies to reverse problems of land degradation, reduce deforestation
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pressures and improve rural livelihoods. Many GEF-sponsored projects address the themes of
indicators, information and knowledge manage ment. The proposed will link with an upcoming
UNDP/GEF project currently working on Knowledge Management in the Land Degradation and
the UNEP/FAO/GEF Land Degradation Assessment in Drylands (LADA). Advances from
LADA will be adapted to the project domain of humid environments, thereby facilitating
comparisons across biomes. High-resolution satellite imagery coupled with local, national and
regional data sets will be used to characterize land degradation hotspots and land use
intensification gradients (see section on PDF-B Activities, Part IIA). The detailed spatial
information serves as a dialogue entry-point with local communities to diagnose the causes and
consequences of land degradation and to develop indicators for monitoring land condition.
A strategy of inclusive participation in the diagnostic and prioritization process produces four
major benefits. One, the indicators transform valid, but anecdotal, local- level insights into
tractable information for use at local and higher level scales. Two, the process of implementing
the indicator framework fosters stakeholder dialogue and project ownership. Three, the indicator
framework helps to identify cost-effective strategic responses that improve the enabling
conditions required to overcome land degradation. Four, the indicators can assist participating
countries in articulating their priorities and attract enhanced funding from national and
international sources.
By enabling the conditions for sustainable land management, the project intends to alleviate
pressures to expand agricultural production into tropical forests. Stakeholder involvement in a
process of resource ownership and policy development can reduce the chances that productivity
and profitability improvements spur encroachment to forested areas.
The project consists of two components:
The Phase A strategy is to collaboratively diagnose and prioritize the technical, institutional and
policy innovations that achieve sustainable land management and reduce pressures to deforest.
The Phase B strategy is to enhance the productivity and profitability of currently degraded
systems while, or prior to, enabling land users to diversify into other SLM systems.
Stakeholders in six countries will participate in the project: Uganda and Rwanda in Africa; Brazil
and Honduras in Latin America, Cambodia and Vietnam in Asia. These countries, containing
some of the most important tropical forest ecoregions, represent a continuum of agricultureforest mosaics. Figure 1 demonstrates the contrasting conditions of the countries in terms of %
area forested (vertical bars) and forest per capita (diamonds). Brazil, the most forested, is
approximately 65% forest with about 3.2 ha forest per person. On the other side of the
continuum, Rwanda is only 10% forested and has only about 1/20 of a hectare of forest per
person. Of interest, Cambodia and Honduras are similar in both respects, having approximately
50% forest cover and 1 ha forest per person. Vietnam and Uganda are similar in that they have
about 25% forest cover, but Vietnam has less forest per person than Uganda (0.1 versus 0.2 ha).
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Figure 1. Forest prevalence (% land area and per capita) in project countries
These contrasts demonstrate a need to understand the different human and environmental
conditions and, more importantly, to identify responses that are appropriate to the contrasting
situations.
The multi-country approach also facilitates south-south exchange of experiences and learning.
The project, comprised of countries each with a different policy and land use context, enables
project participants to contrast the causes, effects and responses to land degradation. In addition
to generating locally-relevant responses, comparative analysis will allow project partners to
identify general principles that are relevant to other geographic areas.
Phase A will continue project advances realized in the PDF-B stage. The DPP employs a
Drivers-Pressures-State-Impacts-Responses (DPSIR) framework similar to that of the LADA
project. Networks of stakeholders (or “Learning Alliances”) at selected sites will diagnose land
degradation causes and effects; and participate in ex ante analyses of technical, policy, and
institutional responses. Stakeholders will also develop a set of farm- level indicators that permit
analysis and monitoring of land degradation for decision- making at multiple scales, and monitor
the status of the five enabling conditions. Site selection in the participating countries will be
accomplished based on existing knowledge and feasibility of interventions, and in consultation
with the local partners at the PDF-B workshops.
In Phase B, farmers, development practitioners and researchers will evaluate, select, and adapt
promising agricultural, livestock and forestry options that enhance both livelihoods and the
provision of environmental goods and services. Phase B will be dedicated to implementing
interventions that improve the enabling conditions that prevent, reduce, and especially, reverse
degradation. The project also works with policymakers via continued monitoring and impact
analyses. The project includes on- farm testing and selection of improved crops, multipurpose
forage grasses and legumes, agroforestry systems, domestication of non-traditional forest
products and forest management options. The project will also address the integration of these
options in land use systems based upon site-specific agronomic conditions, farmer preferences
and socio-economic contextual factors.
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CIAT, CIFOR, ICRAF and ASB have a long history of working collaboratively with numerous
local, national and international organizations to address issues of productivity and conservation.
Research and development activities in both the Latin America and Africa include: the Amazon
Initiative and the Congo Livelihood and Food Security Project (CLIFS). An international NGO
partner, CRS has extensive experience implementing development projects around the world. A
focus of the agriculture program of CRS is improving family well-being through agro-economic
development and environmental stewardship. In addition, CIAT, CIFOR and ICRAF are
members of numerous research and development networks/consortia that facilitate the sharing of
experiences and scaling out of results. AfNet currently has more than 350 members, drawn from
National Agricultural Research and Extension services and university researchers from various
disciplines (mainly soil science, agronomy, social science, and techno logy exchange). At present,
network trials are in place in about fifty sites in 25 countries, with activities covering process
research, to applied and adaptive research.
ASB and CIFOR work closely with development and conservation agencies, such as WWF,
IUCN, CARE International and numerous local partners to tackle conservation and development
issues at landscape level. ASB is recognized for its achievements in science, capacity building,
and shaping development programs and policies that not only benefit the rural poor, but also help
avoid conflicts and environmental degradation in the tropical forest margins. ICRAF, CIFOR and
ASB convene a wide partnership on environmental service payments covering ten tropical
countries. The proposed project will enable these organizations to join efforts to address the
challenges of agricultural land degradation and deforestation.
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Ready to participate in the carbon trading market with the BioCarbon Fund?
Experiences and challenges of a project to recuperate degraded lands in
Colombia
Marco Rondon, Douglas White, Socorro Cajas and Aldo Rincon
Introduction
The Kyoto Protocol, which entered into force in 2005, started a new world market: Certificates
of Emissions Reduction (CERs). The Clean Development Mechanism (CDM) enables countries
that do not meet their quota of CERs to purchase them from other countries that have a surplus.
Thus, developing countries that can produce a surplus can sell them to interested countries. The
BioCarbon Fund (BCF) is one of the first schemes to trade CERs from agricultural and forestry
projects. We present information about the negotiation process with BCF of a CIAT-CVSCorpoica project that will recuperate 2000 ha of degraded pastures. Approximately 100 farmers
will establish silvopastoral systems (SPS) and reforest their lands in the department of Córdoba.
Objectives
To sha re the experience gained in preparing and negotiating a project with the BCF in order to
facilitate the identification and preparation of future project that involve agriculture, pastures or
forests.
BioCarbon projects are a long road between idea and implementation.
The preparation stages of the CIAT-CVS-Corpoica BCF project are:
Stage 1. Pre-Proposal (PIN) (December 2004)
??
??
??
??
??
??
??

Consultation with BCF regarding interests and priorities.
Literature review.
Review of BCF project requirements.
Meeting between participating organizations: definition of structure, coverage and financing.
Preparation of PIN document.
Letters of support obtained from national authorities designated for CDM projects.
Identification of available finances to initiate the project. Letters of Agreement from CVS
financial administrators.
?? Presentation of audited financial statements (last 3 years) from project proponents and
financers.
?? Accreditation of logistic, technical and financial capacities to manage large projects.
Approval of PIN
Stage 2. Carbon Finance Document (CFD) (March 2005)
?? Presentation of carbon accumulation estimates during the life of the project.
?? Financial feasibility study: establishment and maintenance costs of silvo-pastoral system and
reforestation.
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?? Annexes: additionality criteria, environmental impact; permanence, leakages; baseline
methodologies; environmental risks and benefits; community risks and benefits; site
selection; definition of CERs' ownership rights.
?? Project business plan: feasibility and market analyses.
Approval of CFD
The project enters a portfolio of BCF projects (April 2005)
Stage 3. Additional Info for Potential Investors (May 2005)
?? Refinement of carbon accumulation estimates during the project- life.
?? Improve information about leakages estimates and permanence risks.
?? Reduce uncertainties about security risks of the project area (Letters from authorities:
departmental and military, etc.).
Approval of project by Investors (May 2005)
BioCarbon does not provide funds to initiate project investments. Another entity must provide
financing based on the future value of the CERs. In our project, CVS will provide the financing
with the expectation of recovering part of their investment in the future. Some banks finance
such investments but not yet in Colombia.
In 1998, Corpoica installed prototype SPS to demonstrate the potential of recuperating degraded
pastures. The financial benefits were documented between 1996 and 1998 (Cajas et al., 2002).
Between 1999 y 2002, CIAT and Corpoica eva luated the potential of SPS to accumulate carbon
and reduce the emission of other greenhouse gases (CH4 and N2 O). Such potential is ~30Mg CO2
-1
equivalents ha in five years (Rondon et al., 2003). The estimated costs for establishing,
managing and evaluating the SPS were ~US$300,000. The emissions reductions would not
happen without the support of the CERs. In other words, the project is viable only if the
BioCarbon funds are available to purchase the CERs.
For projects in Colombia and countries with social and political volatility, investors are cautious
about the possibility of project failure due to: migrating rural populations, land sales, illegal
groups in the region, etc. With this project, providing adequate information to calm investor fears
was a difficult task.
Stage 4. Negotiation of the project with BCF and Investors (in progress)
??
??
??
??
??
??

Formation of a farmer association participating in the project.
Establish legal representation for CERs ownership.
Creation of a Temporal Union for project management (Farmers, CVS, Corpoica, CIAT).
Letters of Intent between BioCarbon and project management.
Initial fund disbursement by BCF to advance negotiation phase (up to US$ 40,000).
Preparation of baseline methodologies and project monitoring: (1) before UNFCCC, (2)
public discussion (web), (3) approval by the methodologies panel.
?? Signing of contract between investors and BCF.
Stage 5. Implementation
?? Selection of farmers and farms involved in project.
135

??
??
??
??
??
??
??
??
??
??

Signing of contracts with farmers.
Initiation of tree nursuries. January 2006
Pasture recuperation and tree planting. May 2006
Maintenance of pastures and plantations. Years 1-20
First validation of carbon accumulation. Year 4
Initial disbursement of CERs. Year 5
Transfer of funds to farmers. Starting year 5
Training of personnel during the project.
Publications about project.
Monitoring and certification of project. Years 1-20

The Pros and Cons of the BioCarbon Fund
Advantages:
??
??
??
??
??

A pioneering mechanism in CERs exchange
Promotes projects in agriculture and forestry sectors
Interest in learning by doing and documenting the process
Personnel collaborative and professional
Permits the reduction of emissions that do not form part of the Kyoto protocol (accumulation
in soil, other greenhouse gases)
?? Transparent stages of the process and deadlines
?? Provides funds for project negotiation (up to US$40,000)
?? Training for proponents of approved projects. (Washington: July and September 2005)
Disadvantages:
?? Information is not always clear and requires frequent communication with the BioCarbon
Fund
?? Intermediary costs of the BioCarbon Fund are fixed (US$100,000 per project regardless of
size). They are deducted from the value of the CERs.
?? Low CERs price in spite of higher and accelerating prices elsewhere. BCF = $4 t-1 vs Carbo
Euro= $30. (Figure 1)
?? Negotiation process is slow and difficult. Much paperwork.
?? Initial costs of pre- feasibility analysis and PIN/CDF preparation not recognized. For this
project, they are estimated to be US$40,000.
What have we learned?
?? The availability of detailed technical information facilitated the BioCarbon Fund negotiation
process
?? The value of the CERs will only be part of the overall project value, in our case 25%.
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?? Farmers will realize relatively few financial benefits of the CERs given the transaction costs
and financial mechanisms of the BCF. The major advantage for farmers is having capital
resources to invest that improve land productivity and profitability.
?? There is great interest in Latin America to participate in CERs markets but few know about
how to do so. Training events are needed.
?? Although the potential to offer CERs with agricultural projects is high, the rules of
engagement are complex. Transactions costs can limit the supply of viable projects and lower
initial expectations. This occurs, in spite of sustainable development being a requirement of
the CDM.
Research questions in search of answers
?? Will CDM projects spur sustainable development in rural communities? Regulations may
need to be changed in order to assure equitable distribution of benefits.
?? Will these projects enable people to speculate on the value of CERS? Who will win?
?? Can the project proponents help simplify the process and enable more projects to partake in
the BCF? We hope to conduct a comparative study with projects in the first BCF portfolio.
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THEME 3: SITE SPECIFIC MANAGEMENT
Theme 3. Provision of information at the farm-scale to support site-specific decisions through
new, efficient agricultural research combining geographical information and its management,
natural variation in products and resources, and commercial farm observations.
Output theme 3: Local information and information management systems that support specific
individual and collective action by producers. Information on geographical constraints and
opportunities for rural producer – entrepreneur associations and their partners.
Background and focus of theme 3: Development and governance of supply chains for higher
value agricultural products. Focus is given to:
Interpretation, management and monitoring of variation in natural and human resources on crop
yields, but increasingly so on product quality and product quantity, and
Geographical and social network analyses of supply chains with the aim to improve product
supply by rural producers and entrepreneurs.
Reporting 2005 under theme 3: The Annual Report 2005 provides information on:
Quesungual agroforestry and soil macrofauna by Pauli et al.
Relationships between environmental factors and coffee cup quality by Läderach et al.
Spatial social network analysis by Otero et al
Environment, genotype and agronomy and coffee quality by Estrada
Spatial dynamics of soil macrofauna by Pauli et al.
Local knowledge of soil macrofauna in the Quesungual system by Pauli et al.
Drought insurance for poor farmers in developing countries by Díaz Nieto et al.
Online information management in coffee supply chains by Niederhauser and Oberthür
Forage legumes for on- farm production and the feed industry by White et al.
Spatial trade-off analyses for site-sensitive development in Laos by White et al.
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The effects of the Quesungual agroforestry system of western Honduras on
soil macrofauna
Natasha Pauli, Edmundo Barrios, Thomas Oberthür, Arthur Conacher, Herman Usma, Viviana
Gonzalías and Fernando Sevilla
(In collaboration with FAO, E. García)
Abstract
Agricultural practices that promote increased diversity and abundance of soil macrofauna may
improve soil quality and productivity, due to the influence of soil macrofauna on organic matter
breakdown, nutrient cycling and soil structure. Southern Lempira department in Honduras is an
environment where farmers could benefit greatly from such an increase in soil quality. The
landscape is hilly, with steep slopes and shallow soils that are susceptible to erosion. The need
for shorter fallow periods, a decrease in the use of slash-and-burn agriculture, and promotion by
extension agents has resulted in the large-scale adoption of an indigenous agroforestry system
known as the ‘Quesungual System’, based on slash-and- mulch of vegetation, rotation of maize,
sorghum and beans and inclusion of naturally regenerated trees and shrubs within cropped fields.
This paper presents research on the effects of four common land use types (secondary forest,
recently cleared agroforestry fields, mature agroforestry fields and silvopastoral fields) in the
Quesungual area on soil macrofauna abundance and community composition.
Sampling methods recommended by the Tropical Soil Biology and Fertility Institute were used
to collect soil macrofauna in three representative fields of each type of land use, giving 12 study
sites in total. Soil macrofauna communities were highly variable, both within representative
fields, between representative fields of the same type, and amongst land uses. Soil macrofauna
density ranged from an average of 1640 + 359 individuals m-2 for young Quesungual fields to
830 + 199 individuals m-2 in secondary forest sites. Silvopastoral fields and older Quesungual
fields recorded intermediate values of 1510 + 390 individuals m-2 and 1180 + 233 individuals m-2
respectively. Myriapoda and Isoptera were consistently affected by conversion of forest to
agricultural land uses, decreasing and increasing in abundance respectively. At depths below 10
cm, soil macrofauna communities appeared relatively similar in all three agricultural uses, but
differed from secondary forest. All land uses surveyed contained substantial soil macrofauna
communities, which may be the result of incorporation of diverse organic ma tter inputs in the
form of mulch pruned from trees, diverse vegetation and a continuous litter cover.
Introduction
Concerns have been raised by many as to how agricultural areas will be able to meet and sustain
increased demands for food by the world’s people while avoiding further dramatic declines in
biodiversity and soil fertility (Matson et al. 1997, Swift 1997). This concern is perhaps most
urgent in developing tropical lands where rural populations with few resources continue to grow
while available land becomes scarcer, and/or increasingly degraded and nutrient-depleted (Beare
et al. 1997, Hauser et al. 1997, Cherrett 2001). Multiple cropping systems have been described
as agricultural diversification in time and space (Altieri 1994). Based on the results of other
studies, the use of multiple crops and structural forms is likely to create a more spatially and
temporally heterogeneous soil environment in comparison to modern, mechanised, monocultural
agriculture, which may lead to a diversification in soil fauna due to greater availability of
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habitats and organic matter (Lavelle and Pashanasi 1989, Netuzhilin et al. 1999, Vohland and
Schroth 1999, Saetre and Bååth 2000, Lavelle et al. 2001, Barros et al. 2002, Barrios and Trejo
2003). Agricultural systems that promote diversity and abundance of soil fauna may promote
increased soil quality and productivity, because soil fauna can improve soil fertility due to the
effects of their activities on soil physical, chemical and biological properties (Beare et al. 1997,
Lavelle et al. 2001). The soil environment represents one of the most biologically diverse
habitats on earth (Giller et al. 1997), and the manipulation of soil fertility using the soil’s
biological resources has the potential to increase productivity in poor areas (Swift 1997).
However, the relationships and mechanisms of interaction between soil biodiversity, soil quality,
environmental characteristics, land-use and management techniques remain unclear.
The information presented in this paper is part of a broader research project19 that investigates
the interaction between multi-crop agriculture and soil macrofauna, by looking at the relationship
between land-use and soil macrofauna diversity and abundance in an area of western Honduras.
Soil macrofauna (soil-dwelling organisms between 2 and 20 mm in length) are highly influenced
by human activity and play an important part in maintaining a healthy soil ecosystem through
their effects on soil structure and distribution of food resources and habitats for other organisms,
particularly microorganisms (Jones et al. 1994, Beare et al. 1995, Lavelle et al. 1997, Matson et
al. 1997, Lavelle et al. 2001). The dominant land use of the study area is an agroforestry system,
called the “Quesungual System” after the locality where it was first found (Hellin et al. 1999) in
the zone surrounding the village of Candelaria, in southern Lempira Department, western
Honduras, close to the El Salvador border. The landscape in this region is very hilly, with steep
slopes and shallow soils that are susceptible to erosion (Hellin et al. 1999). Annual rainfall,
which falls primarily between early May and October, varies between 1400 mm and 2200 mm
(Cherrett 1999). Farm sizes are small, averaging around two hectares (Cherrett 1999). The
system incorporates crop rotation of maize, sorghum and beans, slash-and- mulch of vegetation,
and a diverse array of naturally-regenerated trees and shrubs within the cropped fields (Cherrett
1999, Hellin et al. 1999). Some of the trees are pollarded, and some left to grow due to their
value for fruit or timber (Cherrett 1999, Hellin et al. 1999). Material pruned from trees is left on
the ground as mulch through which the crops are sown (Hellin et al. 1999). The system appears
to have been locally successful in combating seasonal soil water deficits, erosion, soil
degradation and low crop yields, which were significant problems under the previous system of
slash-and-burn agriculture (Ruben and Clercx 2003). Quesungual agroforestry is the dominant
land use in a mosaic landscape of agroforestry fields of varying ages, pasture fields, newlyslashed/mulched fields, fallow of varying ages, secondary forest, bare rocky areas, human
settlements, roads and drainage lines. Pasture fields are used for grazing cows, and generally
also include many trees (hence the term silvopastoral).
The overall hypothesis of the research project is that the Quesungual agroforestry system,
through its use of structurally and taxonomically diverse plant species, diverse organic matter
inputs, and crop rotation is creating a spatially and temporally heterogeneous soil environment,
which leads to multiple niches for soil macrofauna and allows for increased soil biota abundance
and diversity. This paper addresses the question of whether the Quesungual agroforestry system
has a significantly different effect on soil macrofauna than other common land uses in the area,
19

The research project forms the basis for the first author’s PhD dissertation, under the supervision of Associate
Professor Arthur Conacher of the University of Western Australia, Dr Edmundo Barrios of the TSBF Institute,
Centro Internacional de Agricultural Tropical (CIAT) and Dr Thomas Oberthür, from the Land Use Project of
CIAT.
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using a set of farms from four land uses: secondary forest or guamil (the local term used for
fallow); Quesungual fields cleared from forest less than two years ago; fields cleared more than
10 years ago; and fields converted to pasture that were previously under Quesungual
agroforestry.
Other researchers have found evidence that land use does affect soil macrofauna, through
changes in vegetation structure, organic inputs and levels of physical disturbance (Lavelle and
Pashanasi 1989, Black and Okwakol 1997, Netuzhilin et al. 1999, Barros et al. 2002). Barros et
al. (2002) sampled macrofauna in disturbed forest and four common land use types (fallow,
annual cropping, agroforestry and pasture) in the Brazilian Amazon. They found lower density
of invertebrates in forest and pasture systems compared with fallow, agroforestry and annual
cropping systems. Lavelle and Pashanasi (1989) also found a reduction in macrofauna density in
pastures compared to other land uses in the Peruvian Amazon. Black and Okwakol (1997) noted
that termites are often more abundant and diverse in older fallows than in crops or younger
fallows. In an indigenous shifting cultivation system of Venezuela, soil arthropod communities
in recently cleared plots were similar to those found in forests, and became increasingly
dissimilar over time (Netuzhilin et al. 1999). Based on the results of these studies, pasture fields
should be characterised by relatively high earthworm density, and low overall abundance and
diversity of other macrofauna in comparison to agroforestry. Passing through a chronosequence
from secondary forest to young agroforestry fields to older agroforestry fields, overall
macrofauna density should increase with a change from forest to agroforestry, decreasing with
time under cultivation. Such an increase could be the result of increased organic matter inputs
due to mulching. Agroforestry fields and secondary forest are expected to retain a high
proportion of animals in the litter layer and upper soil, due to physical protection from mulch and
litter.
Methods
In August and September of 2004, a set of representative Quesungual agroforestry farms of
varying ages (less than two years of continuous cropping, and more than ten years of continuous
cropping), silvopastoral farms and fallow sites were chosen. Three farms were included within
each category. A transect of 90 metres with a random origin was set up to cover a representative
area of the farm, and sampling points were located every ten metres along this transect. Sample
points were marked permanently with a stake and co-ordinates were recorded with a GPS unit.
Soil macrofauna were sampled at each point using a ‘soil monolith’ of 25 x 25 x 30 cm, based on
standard methodology endorsed by the Tropical Soil Biology and Fertility Programme (TSBF)
(Anderson and Ingram 1993, Swift and Bignell 2001). At each sampling point, a quadrat of
25 cm by 25 cm was marked out using a wooden frame. The litter layer was carefully collected
from within this area, and placed in a plastic bag with a corresponding label. A trench was then
dug around the quadrat, starting a few centimetres away from the quadrat, with the wooden
frame left in place for reference. Once the trench had reached a depth of 30 cm, the sides of the
monolith were quickly but carefully cut down. Three layers of soil of 10 cm in depth were then
cut from the block using a sharp knife, and placed in plastic bags. In this way, four samples were
collected from each sample point: the litter layer, 0-10 cm, 10-20 cm and 20-30 cm. The litter
and soil samples were then hand sorted for invertebrates on site, and all invertebrates larger than
2 mm were removed and stored in 70% alcohol. Earthworms were kept separate and stored in
10% formol. In the laboratory, invertebrates were sorted to a broad taxonomic grouping
(generally to Order level), counted and weighed. A correction factor was applied to biomass
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values due to the loss of weight from specimens during fixing (19% for earthworms, 9% for ants,
11% for beetles, 6% for arachnids, millipedes and centipedes and 13 % for other macrofauna)
(Decaëns et al. 1994).
In addition to soil macrofauna, at each sample point measures were taken of litter properties,
topography, soil properties and vegetation. Detailed results for these properties are not reported
here. Litter measurements were taken including litter cover, litter depth and litter type.
Topographical features were assessed, including slope, aspect, hillslope position, plan- form of
hillside and cross-slope hillside position. Representative soil profiles were described for each
site. Soil samples were air-dried and stored for later analysis of organic matter content, soil
texture and soil aggregate stability. The tree and shrub component of the vegetation was also
quantified. All trees and shrubs within a radius of 5 metres of the sample point were identified,
noted as pruned or free-growing (form) and the diameter recorded. The distance to the closest
tree was also noted, as was its species, form and diameter.
Results
General vegetation characteristics
The four types of land use surveyed differ in the abundance and diversity of tree species. Mean
tree densities in relatively new farms (2260 ± 227 ha -1 ) are similar to those found in secondary
forest (2270 ± 224 ha -1 ), while tree density falls sharply in older farms (1050 ± 114 ha -1 ) and
further in silvopastoral farms 490 ± 60 ha -1 ). A similar drop in species richness occurs along the
same sequence, from 35 ± 6.4 species per transect in secondary forest, 26 ± 4.3 per transect in
young Quesungual farms, to 13 ± 0.8 species in older Quesungual farms and 14 ± 1.8 species per
transect in silvopastoral sites.
Overall invertebrate abundance and density
During the wet season of 2004, a total of 9673 invertebrates were sampled from the 12 sites with
a net biomass of just over 167 grams. On a per farm basis, the number of individuals ranged
from an average of 600 ± 219 m-2 at one of the fallow/secondary forest sites, to 2950 ± 916 m2
for one of the recently cleared Quesungual agroforestry fields, with considerable variation both
within and between sites, as shown in Table 1. Highest macrofauna density occurred in younger
Quesungual farms, followed by silvopastoral farms, older Quesungual farms and finally fallow
sites. Biomass was also highly variable, from a low of an average 2.1 ± 0.5 grams m-2 at one of
older Quesungual fields, to a high of 101 ± 24.1 grams m-2 at another recently cleared field.
Biomass tended to be greatest in Quesungual farms of less than two years of age, followed by
older Quesungual farms, silvopastoral farms and finally fallow sites. Sites with high biomass
had large numbers of earthworms.
Vertical distribution
The vertical distribution of individuals was relatively similar for all land uses (Figure 1). The
fields surveyed had an average of just over 50% of individuals at depths of 10 cm or below. This
was driven largely by high numbers of Isoptera and Hymenoptera at depths greater than 10 cm
(almost 70% of all termites and around 50% of all ants). Almost 80% of earthworms were found
at depths of 0-10 cm. The proportion of all macrofauna in the litter decreased from 9.8% in
secondary forest to 1.4% in Silvopastoral sites.
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Community composition
There was also a high degree of variation in the
composition of the macrofauna community at
each site sampled. Overall, Isoptera (termites)
were the most abundant group, making up
50.5% of invertebrates sampled. Hymenoptera
(ants) were the second most abundant, at
21.5%, followed by Oligochaeta (earthworms)
at 11.8%, Coleoptera (beetles) adults and larvae
at 4.9%, and Myriapoda (millipedes and
centipedes) at 4.8%. Earthworms in particular
tended to be locally very abundant with a
patchy distribution, with some sites recording
over 400 individuals m-2 and others recording
fewer than 20 m-2 .

100%

Litter layer
75%

0-10 cm
10-20 cm
20-30 cm

50%

25%

0%
Secondary
forest

Quesungual
agroforestry
<2 yrs

Quesungual
agroforestry
>10 yrs

Silvopastoral

Figure 1. Relative proportions of acrofauna
in each soil and litter layer sampled.
Figures shown are total figures for
all three sites in each farm type.
Table 1. Average abundance and biomass of invertebrates for each of the sites
sampled.
Farm Type

Quesungual
< 2 years

Quesungual
>10 years

Silvopastoral

Fallow
(Guamil or
2o Forest)

Farm Site Name
Young Farm Site 1
Young Farm Site 2
Young Farm Site 3
All sites
Mature Farm Site 1
Mature Farm Site 2
Mature Farm Site 3
All sites
Silvopastoral Site 1
Silvopastoral Site 2
Silvopastoral Site 3
All sites
Fallow Site 1
Fallow Site 2
Fallow Site 3
All sites

Average
Abundance
number/m2
810 ±95
1150 ± 322
2950 ± 916
1640 ± 359
1590 ± 554
1110 ± 246
850 ± 355
1180 ± 233
1510 ± 710
2330 ± 887
681 ± 175
1510 ± 390
600 ± 219
1210 ± 545
680 ± 116
830 ± 199
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Average
Biomass (g/m 2 )
101 ± 24.0
10 ± 2.8
15 ± 4.0
42 ± 11.1
14 ± 3.3
49 ± 12.7
2 ± 0.5
21 ± 5.6
7 ± 2.3
30 ± 7.2
5 ± 2.1
18 ± 3.3
13 ± 4. 6
13 ± 4.2
10 ± 1.6
12 ± 2.1

Number of
samples
10
10
10
30
10
10
10
30
10
10
10
30
10
10
10
30

The data shown in Figure 2 demonstrate how relative proportions of the major groups vary with
land use. For the whole depth of soil and litter to 30 cm, of the three agricultural uses, young
Quesungual farms had the highest abundance of most taxonomic groups, with the exception of
Hymenoptera and Isoptera, where silvopastoral farms scored highest. Abundance of Myriapoda
was highest in secondary forest, and decreased under agricultural use. Conversely, Isoptera
consistently increased in number with conversion to agriculture. Oligochaeta were more
abundant in Quesungual fields than in either forest or pasture.
In the litter layer, young Quesungual farms had the highest abundance for all groups, except for
Myriapoda, which were most abundant in secondary forest. Silvopastoral farms had the lowest
abundance for all groups in the litter layer. For the upper soil layer, the relative abundance of
Hymenoptera, Isoptera and Coleoptera was generally high in the three agricultural uses
All invertebrates
700

All invertebrates

600

500

Other

Other

Hymenoptera
400

200

Hymenoptera

400

300

Dermaptera

500

300
200

Isoptera

Myriapoda

Isoptera

100

100
0

0

Myriapoda

Oligochaeta
Araneae

Oligochaeta

Whole monolith
Araneae
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Coleoptera larvae

Coleoptera adult

Coleoptera adults

Coleoptera larvae

Forest
< 2 years
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Silvopastoral

All invertebrates
800

Other
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All invertebrates
500

Hymenoptera

600

Other

400

Hymenoptera

500
300

400
300

Dermaptera

200

200

Isoptera
Dermaptera

Isoptera

100

100

0
0

Myriapoda

Oligochaeta
Myriapoda

Oligochaeta

0 – 10 cm
Araneae

10 – 30 cm
Coleoptera larvae

Araneae

Coleoptera adult

Coleoptera larvae

Coleoptera adult

Figure 2. Relative abundance of the all invertebrates and the major groups at varying
depths for the four land uses.
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compared with secondary forest. Younger Quesungual farms had the highest abundance of both
Isoptera and Hymenoptera, and pasture sites scored highest for Oligochaeta. At soil depths
between 10 and 30 cm, the three agricultural uses showed very similar patterns of relative
abundance for most groups, although these are notably different from those in secondary forest
sites. Secondary forest sites had the highest abundance of Hymenoptera, Myriapoda and adult
Coleoptera at these depths.
The abundance in fallow/secondary forest sites was used as the standard value of 100%, as all
farms pass through this stage prior to being cleared. Figures shown are derived from the total
abundance at each of the three sites for each type of land use. For example, if a total of 500
Hymenoptera were counted from the 10 monolith samples at the three fallow/secondary forest
sites (n=30), 750 were counted at the three silvopastoral farms, and 100 were counted at
Quesungual farms of less than two years, Hymenoptera would receive a score of 100% in the
fallow site, 150% at the silvopastoral site, and 20% at the Quesungual farm site.
Discussion
A variety of biophysical factors are likely to influence the distribution of soil fauna, with the
result that soil fauna communities are highly variable both within fields, between replicate fields,
and between land use types. Despite the highly variable nature of the data, some observations
can be made by way of comparing this system with other studied systems.
Biomass was not highest, nor was density lowest, under pasture, as expected from previous
studies. This may be due to the inclusion of trees within pasture fields, which may not have been
present in such high numbers in pasture fields in other studies. It may also be due to the location
of pasture fields within a mosaic landscape of agroforestry fields and forest, which may act as
habitat refuges for invertebrate populations. The relatively low density and biomass values
ascribed to secondary forest in comparison with agroforestry concur with Barros et al.’s (2002)
findings, and may also be a result of increased organic inputs into agroforestry systems, in the
form of mulch from pruned trees. This is also in line with the results of a seven-year study in
New Zealand, which showed that agricultural intensification was not consistently detrimental to
soil fauna, and that soil macrofauna responded to changes in the quality and nature of organic
matter input associated with agricultural use (Wardle et al. 1999).
Engaging only in broad-scale analysis of the type of data presented here is likely to miss many of
the subtle patterns that emerge by looking at the data in a more detailed manner, as shown in the
descriptions of vertical distribution and relative proportions of invertebrate groups. Different
ecological and taxonomic groups of soil fauna can be expected to respond in different ways to
changes in environmental conditions. The large proportions of individuals present at soil depths
between 10 and 30 cm for all land uses was higher than expected, and seems to have been a
result of high levels of ant and termite activity at depth in many farms. The dominance of
earthworms in the 0-10 cm layer, particularly in pasture sites, may indicate high soil turnover
and availability of organic matter at this depth. The decrease in the proportion of litter
invertebrates along a gradient from secondary forest through agroforestry and pasture may reflect
migration by litter fauna to greater depths as physical protection from environmental fluctuations
decreases, as noted by Lavelle and Pashanasi (1989).
With regard to the abundance of taxonomic groups in land use types, myriapods are consistently
reduced in the litter and at all soil depths under agricultural land use, while termites consistently
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increased in abundance, particularly in agroforestry systems. Ants greatly increased their
number in agricultural uses compared to forests in the upper soil, while differences were not as
great at other depths. Other studies have also found that myriapod density is significantly
affected by land use (Sevilla Guío et al. 2004), and that social insects such as ants and termites
increase with cultivation (Barros et al. 2002). Both changes are likely to be related to changes in
quantity and diversity of organic matter inputs and habitat availability.
The similarities amongst agricultural land uses in the relative proportions of individuals at depths
of 10 to 30 cm are very interesting, as it suggests that community structure and availability of
food resources is fairly similar amongst all agricultural uses at greater soil depths. This would
indicate that there is a substantial and consistent difference in the soil ecosystem between
secondary forest and agricultural uses. This may be related to the removal of particular strata of
the forest and changes in microclimate related to vegetation structure change, or it may be related
to the loss of other forest components such as vertebrate fauna or other predators. It is possible
that at lower soil depths, the seasonal fluctuation in available organic matter from pruning is not
as great as it is in the upper soil level, and accordingly the soil fauna community does not
fluctuate to the same degree.
Further analyses and continuing research
The patterns of distribution and abundance of soil fauna are unlikely to be easily explained by
any one variable, but rather a combination of biophysical and management factors will play a
role in shaping soil macrofauna dynamics. Multivariate analysis of the data is now required to
determine the combination of variables that bears the greatest influence over macrofauna
distribution. These analyses will be undertake once soil sample testing is finished, in order to
include the important effects of soil texture and soil organic matter content on the macrofauna
variables.
Detailed spatial information on tree distribution and canopy cover within fields is also available
for analysis. This information was gained with the use of low altitude photography, and the
resultant digital photographs were analysed using the eCognition software package to determine
the cover of crops, bare ground, tall trees, pruned trees and tree shadow within each field, as well
as the precise location and distribution of trees. This information will be analysed to determine
the spatial pattern of distribution of trees, as well as evaluate differences in vegetation and crop
characteristics between the different types of farm fields.
In 2005, the first author made a third and final fieldtrip to Candelaria, Honduras to undertake
further fieldwork, which was designed to determine the influence of soil fauna on soil quality
and investigate in greater detail the spatial variability of macrofauna activity. As part of this
study, participatory mapping of soil quality was undertaken with the farmers whose fields were
included in this study. Two chosen farms were divided into homogeneous areas according to soil
quality and type (according to the farmers) and topography. Each of these areas was then
sampled in a stratified manner for earthworm activity (surface casting and biogenic soil
aggregates), ant nests, litter cover, vegetation characteristics, soil texture and soil organic matter.
Chemical and physical characteristics of biogenic aggrega tes (i.e., soil aggregates formed by the
activity of earthworms through ingesting and egesting soil material) will also be tested to
determine their contribution to soil fertility as a whole. These analyses will be valuable corollary
information to that presented in this paper, and will be completed in 2006.
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The greatest challenge facing this study, and the most important in terms of local management of
soil biological resources, remains to translate the results of this study and its companion studies
into a set of management guidelines that can be used by local farmers to manage soil macrofauna
abundance and diversity within their fields, with the goal of improving soil quality and soil
fertility.
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Abstract
The main focus of coffee research and technology transfer has been on increasing production
volumes. The downward trend of prices for commodity coffee (Maizels, 1994), in particular
during the most recent coffee crisis, and its related socio-economic and ecological consequences
has shifted increased attention to high quality coffees. To obtain the often very lucrative
premiums for specialty- grade parchment beans farmers and their associations must be able to
enter markets that have very stringent food quality and food safety requirements.
Coffee cup quality depends on environmental and genetic factors, as well as on agronomic
production and post-harvest management. The objective of this research is to contribute to a
better understanding of these interdependencies.
Data from an earlier pilot study, literature review and expert consultation were used to identify
the environmental factors to be studied in the investigation. Annual climatic information
included precipitation, temperature amplitude, dry months and rain days. Daily measurements of
temperature amplitude, solar radiation, and dew point were also used. We also included
elevation, slope, aspect soil types were included in the analyses.
Methodological approaches as to how identify the impacts of the interdependencies will be the
final outputs of the research. In this paper we report the first results, predominantly on the
relationships between genotype and environment. The dependency of cup quality on
environmental factors has only been described in a few very recent publications. Most of the
information in these papers was derived from data that was collected from a small numbers of
sites. Our results are derived from data collected from more than 150 coffee farms.
Introduction
The main focus of coffee research and technology transfer has been on increasing production
volumes. The downward trend of prices for commodity coffee (Maizels, 1994), in particular
during the most recent coffee crisis, and its related socio-economic and ecological consequences
(Flores et al., 2002; Varangis et al., 2003) have shifted increased attention to high quality
coffees. To obtain the often very lucrative premiums for specialty grade parchment beans,
farmers and their associations must be able to enter markets that have very stringent food quality
and food safety requirements. The research presented here is part of a project that aims to
facilitate the participation of rural communities in the supply chains of specialty coffee.
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Table 1. Compilation from the literature of factors that impact on coffee cup quality (cont.).

CONSUMER

POST HARVEST

FACTORS
De-pulping, mucilage
removal, fermentation,
drying

Industrial processes,
roasting and milling

CITATIONS
(Avelino et al., 2002; Barel and Jacquet, 1994; Beer et al., 1998; Boot, 2001;
Buenaventura-Serrano and Castaño-Castrillón, 2002; Carvalho et al., 1997;
COFENAC, 2003; Coste, 1969 ; Decazy et al., 2003; Fischersworring and
Robkamp, 2001; ICO, 1991 ; Moreno et al., 1995; Mori et al., 1999; Vaast et
al., 2004)
(Alvarado-Alvarado and Puerta-Quintero, 2002; Carvalho et al., 1997; ICO,
1991 ; Moreno et al., 1995; Mori et al., 1999)

(Alvarado-Alvarado and Puerta-Quintero, 2002; Carvalho et al., 1997;
Ware housing and
COFENAC, 2003; Coste, 1969 ; Fischersworring and Robkamp, 2001; ICO,
packing during transport.
1991 ; Moreno et al., 1995; Mori et al., 1999)
Liquor preparation:
water, temperature,
equipment

(Alvarado-Alvarado and Puerta-Quintero, 2002; Carvalho et al., 1997;
Moreno et al., 1995)

Consumer preferences

(Alvarado-Alvarado and Puerta-Quintero, 2002; COFENAC, 2003; Coste,
1969 ; Fischersworring and Robkamp, 2001; Moreno et al., 1995)

The sensorial evaluation of coffee called its organoleptic quality or more simply its "cup
quality", depends on environmental and genetic factors, as well as on agronomic production of
the crop and its post-harvest management. The objective of this research is to contribute to a
better understanding of these interdependencies. Methodological approaches as to how to
identify and manage the impacts of the interdependencies are the expected final outputs of the
research. In this paper we report the first results predominantly on the relationships between
genotype and environment. The dependency of cup quality on environmental factors has only
been described in a few very recent publications (Alarcon-Mendez et al., 1996; Avelino et al.,
2005; Decazy et al., 2003; Muschler, 2001; Vaast et al., 2004). Most of the information was
derived from data that have been collected from a small numbers of sites. In contrast, our results
are derived from data collected from more than 150 coffee farms.
Factors that impact on coffee cup quality
We distinguish five main groups of factors known as having impact on coffee quality: (i)
genotype, (ii) natural environment, (iii) agronomic management, (iv) post-harvest processing
practices, (v) and the consumer. There are authors who argue that coffee quality is only
determined by the environment and the genotype, and that agronomic and post-harvest practices
only help to preserve the product's quality (Fajardo-Peña and Sanz-Uribe, 2003; Santinato and
Cortez, 1992). Others state that if quality at harvest is only satisfactory, post-harvest
management can either improve or reduce it (ICO (International Coffee Organization), 2000).
Table 1 is a compilation of the decisive factors found in the literature, including their
corresponding citations.
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Table 1. Compilation from the literature of factors that impact on coffee cup quality.

AGRONOMIC

ENVIRONMENTAL

GENOTYPE

FACTORS

CITATIONS
(Alvarado-Alvarado and Puerta-Quintero, 2002; Barel and Jacquet, 1994;
Bertrand et al., 2003; Bertrand B. et al., 1999; Boot, 2001; BuenaventuraSerrano and Castaño-Castrillón, 2002; Bureau, 2002; Carvalho et al., 1990;
Genotype and variety
Carvalho et al., 1997; COFENAC, 2003; Fischersworring and Robkamp,
2001; Guyot et al., 1996; Moreno et al., 1995; Moschetto et al., 1996;
Sylvain, 1965; Vaast et al., 2004)
(Alvarado-Alvarado and Puerta-Quintero, 2002; Boot, 2001; BuenaventuraEnvironmental factors in
Serrano and Castaño-Castrillón, 2002; Carvalho et al., 1997; Moreno et al.,
general
1995)
Altitude

(Avelino et al., 2005; Barel and Jacquet, 1994; Boot, 2001; Bureau, 2002)

Soils

(Buenaventura-Serrano and Castaño-Castrillón, 2002; ICO, 1991 )

Climate

(Boot, 2001; Buenaventura-Serrano and Castaño-Castrillón, 2002;
COFENAC, 2003; Coste, 1969 ; Fischersworring and Robkamp, 2001; ICO,
1991)

Precipitation

(Avelino et al., 2002; Decazy et al., 2003; Guharay et al., 2000)

Dry month
Annual median
temperature
Solar radiation
Relative humidity

(COFENAC, 2003; Njoka and Mochoge, 1997)

Aspect and slope

(Avelino et al., 2005)

Agronomic factors:
Shade, planting distance,
pruning, nutrition,
disease and pests, time
management

(Alvarado-Alvarado and Puerta-Quintero, 2002; Beer et al., 1998; Bureau,
2002; Carvalho et al., 1997; COFENAC, 2003; Coste, 1969 ;
Fischersworring and Robkamp, 2001; Moreno et al., 1995; Muschler, 2001;
Vaast et al., 2004)

Harvest: Quality of the
harvest method, and
maturity of berries

(Avelino et al., 2002; Barel and Jacquet, 1994; Beer et al., 1998; Boot, 2001;
COFENAC, 2003; Coste, 1969 ; Fischersworring and Robkamp, 2001; Mori
et al., 1999; Vaast et al., 2004)

(Enríquez, 1993 ; Guharay et al., 2000)
(Barel and Jacquet, 1994; COFENAC, 2003)
(Enríquez, 1993 ; Fischersworring and Robkamp, 2001)

Materials and methods
Study area
The study was conducted in the Cauca department in southern Colombia. The farms are located
between 2° 17' 15" N and 2° 47' 30" N latitude and 76° 0' 0" W and 76° 52' 50" W longitude.
The topography is highly heterogeneous with an altitudinal range from 1450 to 2000 meters
above sea level and from flat land to 41 degrees slope. All slope aspects were represented. Soil
types include dystrandepts, dystropepts, and troporthents. Annual precipitation in the sample
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farms ranges from 1590 mm to 2630 mm, with a biannual distribution. The farms experiences up
to three dry months per year, where a dry month is defined as a month that has less than 90 mm
of accumulated rainfall. Farms have a range from 102 to 238 rain days and annual temperature
from 16.6 ºC to 20.9 ºC, with an average daily temperature range of 10.4 ºC to 11.5 ºC. The solar
radiation ranges from 171 MJ m-2 d-1 to 284 MJ m-2 d-1 , with dew points of 9.2 ºC to 12.6 ºC.
Sampling
Data from an earlier study, literature revie w and expert consultation were used as indicators to
identify the sample farms with potential to produce high- value coffee. Within each farm, the
coffee samples used to define organoleptic coffee qualities were harvested on Management Unit
(MU) bases. An MU is defined as one or several fields with homogenous environmental and
agricultural management characteristics, with a minimum of about 5000 trees, and most
important, an area that the farmer is capable and willing to manage and process separately. In
practice the MUs are due to the fragmentation of soils, pollination, and diverse agricultural
management and so are never entirely homogenous. In general terms, care was taken the MU’s
complied with the definition above to the extent possible. The MUs were all identified by their
latitude, longitude, and elevation in the centre of each MU by a Trimble ProXR global
positioning system (GPS) device with OmniSTAR real-time correction. Ninety percent of the
samples were harvested from the variety Caturra, the remaining ten percent from the Colombia
variety (“Variedad Colombia”) and the old heirloom Bourbon variety.
Samples were delivered to a mobile post- harvest processing unit by the farmers immediately
after harvesting. Before de-pulping, damaged, green and infected berries and stones, leaves and
other artifacts were removed. Berries were de-pulped and the mucilage was removed using a
J.M. Estrada Model 100 unit. The dryer is a product from the same company adapted especially
to the needs of this study. It consisted of a metal closet with 4 floors of drawers (compartments),
which are perforated on the bottom. The dryer has the capacity to process 24 times 1-1.5 kg
samples at the same time. Air is heated to 45°C with gas and blown into the bottom of the closet.
The hot air ascends through the closet passing through the beans, drying them and leaving at the
top. The most recent samples were placed in the top compartment and were moved down when
new samples were added, emulating the process of industrial dryers. Samples were dried until
they reached a humidity of 10% to 12 %, which took between 14 and 16 hours depending on the
size of the bean. The samples were then placed in sealed plastic bags and stored at 18° C until the
cupping process.
Physical and sensorial evaluation
Samples of 250 g were roasted in a Quantic laboratory roaster the day of the cupping evaluation.
As roasting greatly influences the final taste of coffee, all the samples were roasted for 7 to 7½
minutes with an initial temperature of 200°C, which drops after adding the coffee to about
170°C. The samples were roasted to a reddish /yellowish color acccording to SCAA standards
monitored by eye to the same grade. Roasting time was recorded. The roasted beans were
ground immediately before cupping in a Ditting Swiss grinder on medium grind, which is the
grind size that allows the optimal preservation of the volatile and soluble characteristics of the
coffee.
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Figure 1. Cupping form adapted from SCAA.

Boiling water (150 ml at laboratory height of 1400 masl ) was directly poured on to 8.25 g of
ground coffee in each of five small cups. This presents the coffee’s flavor in the strength range of
1.1% to 1.3% soluble solids. The five cups were treated as replicates for the organoleptic
evaluation. Attributes evaluated were fragrance / aroma, flavor, acidity, body, uniformity,
sweetness, clean cup and defects:
Fragrance / aroma is the sensation of gases released from ground and brewed coffee,
Acidity is a measure of the intensity of organic acids,
Body is the oral feeling of viscosity,
Uniformity is the homogeneity throughout the five cups,
Clean cup denotes a coffee free from flavor taints and faults, and
Defects indicate the presence of defects such as phenols, stinker, ferments, vinegar etc. ; (ICO,
1991; Lingle, 2001)
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All the samples of the study were cupped by a panel of five (two international and three
Colombian) cuppers. For the analysis of the present paper only 88 samples of the more than 150
samples cupped were used. The 88 samples are without defects and the results used here those of
Geoff Watts, an internationally recognized cupper, importer and owner of Intelligentsia Coffee.
The cupping format was adapted from the Speciality Coffee Association of America (SCAA,
Figure 1).
Generation of environmental factors
Climate data was generated using WorldClim and MarkSim data. WorldClim (Hijmans et al.,
2005 ) is a global database of climate variables in grid format with a spatial resolution (cell size)
of 1 km. The data layers were generated on 1 km2 resolution through interpolation of average
monthly climate data from 15,000 to 47,000 weather stations during the years1950 to 2000.
Variables extracted from WorldClim were monthly total precipitation, and monthly mean,
minimum, and maximum temperature. Annual average precipitation, annual average temperature
and dry month per year were then generated. Average annual precipitation was obtained by
summing all monthly total precipitations, average annual temperature by averaging the monthly
mean temperatures, and dry months were defined as months with less than 90 mm of
precipitation.
Rain days per year were calculated by Marksim from the WorldClim data for each cell. MarkSim
uses interpolated climate surfaces generate climate data using a third-order Markov function
(Jones and Thornton, 2000; Jones et al., 2002). Annual average diurnal temperature range was
calculated from WorldClim. As relative humidity varies diurnally and also between seasons, we
mapped dew point, which is the temperature at which air becomes saturated and produces dew.
Dew point is a direct measure of the absolute amount of water vapour in the atmosphere. Dew
point maps were calculated by the method of Linacre (Linacre, 1977 )from the WorldClim
dataset. Mean annual insolation, which is the solar radiation that reaches the surface of the earth,
was calculated from the MarkSim daily data (MJ m-2 d-1 ).
Terrain attributes such as elevation, aspect and slope were generated and mapped from the digital
elevation model (DEM) of the Shuttle Radar Topography Mission (SRTM) using geographical
information systems (GIS) methodology. The DEM is a raster file containing only spatial
elevation data in a regular gridded pattern. The SRTM is a joint project between the National
Geospatial-Intelligence Agency (NGA) and the National Aeronautics and Space Administration
(NASA). In February 2000, the space shuttle produced, by radar interferometry, digital
topographic data for 80% of the Earth's land surface. The data are of very good quality with 90 m
square resolution.
Soil attributes were problematic to map. Soil characteristics vary widely at a small scale in the
area, but there are no soil maps at a high enough resolution to represent this soil heterogeneity.
Although various general characteristics such as pH and fertility can be derived from maps of
soil type, direct correspondence between soil type and other soil characteris tics is less certain.
Therefore, it was not possible to map the different soil characteristics that are suggested in the
literature to affect on coffee quality. We digitized the 1:500 000 soil map of the Colombian
Agustín Codazzi Geographic Institute (1981) and used the corresponding soil types for the
analysis. A detailed explanation of the steps involved in the data generation is discussed in the
section “Data generation for CaNaSTA” in this annual report.
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Figure 2. Probability of producing a cup quality with a final score between 75-80.

Figure 3.

Probability of producing a cup quality with a final score above 85.
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Figure 4.

The most probable quality per ecological niche.

Statistical analysis
Traditional statistics lacked the potential to analyze the data, so that the Expector and Crop Niche
Selection for Tropical Agriculture (CaNaSTA) (O’Brien, 2004 )tools were used. Both are
methods of combining diverse data maps and “expert” knowledge to provide information on the
occurrence of a spatially-distributed attribute. CaNaSTA operates on the basis that the state of a
particular property, which may be difficult to measure directly, can be inferred from the state of
other more measurable entities and the knowledge of their interrelationships. It uses probability
theory (Bayesian statistics) to combine these disparate data sets and provide maps showing the
probability that an attribute occurs at specified levels. The method is described in detail in the
section of the CaNaSTA tool in this report.
Results and discussion
The final score is the sum of the scores of the attributes assessed in the cupping evaluation. The
maps in figure 2 and 3 show the probability of producing a specific final score according to the
natural environment where coffee is grown in Cauca department. It is obvious that it is easier to
reach a final score of 75 to 80 than one above 85. We observe that as the final score increases,
the areas suitable for growing the coffee decrease. The conclusion is that only small areas
comply with the requirements to produce high final scores. Nevertheless, we can identify
ecological niches with high probabilities of producing an excellent coffee.
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Figure 5 Areas with favourable elevation ranges.

Figure 6 Areas with favorable mean temperature ranges.
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Map 4 shows the most probable quality per niche. It is a summary of the previous maps and
shows again that large areas produce mediocre coffee but only very limited areas can produce
superior quality coffee. The same effect of niches can be observed when we generate maps for
individual organoleptic characteristics such as acidity, sweetness, and body (results not
presented). The niches identified are the municipalities of Tambo and Timbio in the Popayan
area and the municipality of Inza on the eastern border of the Cauca department. It is interesting
to note that the two niches have a different geomorphology. The municipalities of Tambo and
Timbio have a smooth, undulated landscape while the Inza landscape is steep slopes and high
mountains.
When analyzing the factors and ranges that most impact in cup quality we found different
combinations of factors. For example the impact of a factor such as elevation depends on slope
aspect; in combination with a northerly aspect it probably has more importance than in
combination with a southerly or easterly aspect. This is not only true for the different factors, but
it also applies for their ranges. Figures 5 and 6 show the ranges of values of the factors that act as
positive or negative driving factors. In the case of altitude ranges (Figure 5) 1800 – 2000 masl
has a positive impact, the other ranges have a negative impact or are not significant. In the case
of annual median temperature the range of 16 – 18°C is positive, while 19 – 20°C is clearly a
negative driving factor. We also ran the analysis for each niche separately, and found that the
ranges for positive and negative driving factors were not the same across niches, which shows
again that not only is the combination of factors important for coffee quality, but their ranges as
well.
Conclusions
Data of favorable climate and terrain attributes for the production of specialty coffee is currently
either very general or coarse in resolution. The CaNaSTA methodology used for this study
provides insight into the interactions between coffee cup quality and growing environment,
which was not previously available.
Mapping coffee quality allows ecological niches where specialty coffee has a high probability to
grow well to be identified. It also allows defining zones less apt for coffee production where
coffee should be replaced with other crops to assure farmer income.
The approach used in this study will be applicable in future for denomination of origin in coffee.
Where we will identify environments that are capable of producing coffee of similar quality
profiles.
CaNaSTA still lacks an algorithm to define the environmental factors that have major impact on
quality within individual niches. So far we have only been able to asses the value ranges of each
environmental factor that have positive or negative impact on quality.
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Abstract
The study of agri-supply chains is concerned with how agricultural products are exchanged by
different people in different places. Traditionally it is extremely difficult for smallholder
producers to interact within the power structures created by such exchanges due to a lack of both
information and access. This paper will present findings from a research project that seeks to
combine social network analysis (SNA) and geographic information systems (GIS) to identify
smallholder producers' relative position within the social network of the supply chain and the
extent to which this network position is dependent upon their physical or geographical location.
This combination of tools/frameworks will highlight the importance of both people and places
within supply chains.
SNA is used to show how resources are exchanged between different network actors
demonstrating how certain actors are better positioned to gain access to these resources due to
their position within the network. In the rural development context of an agri-supply chain,
where generally there is a poor communication infrastructure, geo-graphical location can
facilitate or constrain ties and relations between actors. Producers, traders and support actors
may not interact with other actors who are close in a physical sense but with actors who may
reside at a distant node through some existing link.
This study will focus on the exchange of information within a network as a key component in
gaining market access. The relationship between network and geographical position will be
explored in the context of coffee producers in the Yungas region of Bolivia to establish the
relationship between physical accessibility in terms of geographical position with actors’
centrality in the supply chain network.
Keywords: Agri-supply chains, Bolivia, coffee, GIS, social networks
Introduction
Network analysis (NA) has become a powerful methodological tool alongside statistics, not only
in the social science but also in business administration, history, medicine and communication
development (e.g. social networks, biological networks, bibliographic networks and Internet
networks). We are exploring social network analysis (SNA) and the methodological tools that it
encompasses to be applied in the field SNA. We use this to analyze the flow of information to
improve production and marketing of agri- supply chains of high- value products.
SNA uses the concepts from graph theory and is focused on ties and structure rather than
individual isolated actors (Hanneman 2000, Menendez 2003, Wasserman and Faust 1994, Singer
2002.). The SNA approach contrasts with other areas of the social sciences, which have tended to
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study attributes, the characteristics of people, groups, and organizations rather than the relations
between them. Relations possess a number of important properties, including the number of
entities involved, and the strength, symmetry, transitivity, reciprocity, and multiplexity of the
relations.
Extensive literature can be found in the field of SNA since the beginning of the 1950s.
Regarding the topics of interest here, fewer studies can be found in SNA applied to information
flow in agri-supply chains. While identifying relationships and interdependencies has significant
potential in marketing of agricultural products, there are limited examples of SNA in marketing
strategies due to the difficulties of data collection (Arabie and Wind 1994). For example, Lyon
(2000) in his study of the Ghanaian agricultural sector found that, in the absence of formal legal
institutions, trust is based on networks of working relationships, friendship and pre-existing
social institutions. These include family ties, ethnicity and links with a common market
intermediary or guarantor but that uncertainty still exists despite these social relations.
Haythornthwaite (2002) summarizes the concepts of social network analysis that help
information providers to gain awareness of the exchange routes of existing information. They use
this awareness to act on information opportunities and change information routes to improve the
delivery of information services. Practical applications support the concepts. Analyses of
differences in communication networks between rice-mungbean farmers in the Philippines
revealed why some farming communities adopted innovations more readily than others (Jamias
and Brien, 1996). Jose and Dorado (1997) used network analysis to study the utilization of
information on food habits and their implications. They showed that the lack of relevant
information, the distance from information sources and the lack of knowledge by network
members on how to use the provided information were severe constraints.
In the context of product marketing, Rossi and Rovai (1999) used network analysis to understand
the relations between various actors in a product chain and the ir importance in influencing the
organization of the local producer system. Similarly, Cetrangolo et al. (2002) provide an
example of network analyses from the Argentinean wine industry to understand the main
characteristics of different actors and how these influence material flows in the product chain.
Michael and Massey (1997) graphically modeled and quantified communication networks in a
sawmill. They used social network analyses techniques to understand the interface between
production and marketing. Fafchamps and Minten (2002) applied network analysis to
demonstrate that social network capital has a positive effect on the performance of traders of
agricultural products.
This document presents the application of some SNA principles and indicators to understand
information flow in the coffee chain in Caranavi, the coffee zone of Bolivia. The network
analysis presented here was carried out using some of the most common indicators for measuring
information flow with PAJEK software. The farmers’ accessibility to urban center Caranavi
(closest urban center where the coffee is collected) was determined using a GIS model. The SNA
and the accessibility indicators, together with information regarding coffee production by
individual farmers were used to explore the relation between geographical location with
information access.
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Case study: Coffee chain in Caranavi, Bolivia
Geographical location and biophysical characteristics of the site
Caranavi is the main urban center with a population of 13,185 habitants in 2004 located at 618
masl. Caranavi is situated 169 km far from the capital La Paz, of which only 110 km is paved
road. Caranavi provides services to the whole Yungas region and has national and international
NGOs, coffee processing facilities, financial institutions and private communication companies.
The Yungas coffee zone is located between 1,100 and 1,800 masl with slopes varying between
10 and 30 degrees. The temperature varies between 13°C to 25°C, with mean monthly rainfall
between 50 and 200 mm. The most common coffee variety is Tipica, which is well suited to the
topography and weather conditions. Coffee plantations at altitudes less than 1200 masl suffer
from blight, rust and the coffee miner mainly due to high humidity. The current land use is
classified as “agro-silvopastoril”, which includes agroforestry systems, pastures, annual and
perennial crops associated with forests and bushes.
Local context and past history of coffee production in Caranavi
Caranavi was colonized by immigrants mainly from the Altiplano (Andean highlands) who
moved to lower and more fertile lands during the 1950s. In 1946, colonization started to the
north of La Paz with the support of the Corporación Boliviana de Fomento (CBF), and in 1962 it
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was further supported by the Intermerican Development Bank and USAID. The immigrants,
mainly Aymaras from the Andean altiplano, with fewer Quechuas from the central and eastern
valleys, settled in the region and sometimes dispossessed existing local communities.
In the last two decades, settlers have come from Cochabamba, Bení, Oruro, La Paz and Potosí
attracted by the tropical climate and turning the Yungas into a multicultural zone. In Caranavi,
these groups started to form territorial divisions called “cantones”, with the formation of colonies
and cooperatives. Colonies are groups of farmers with individual land property rights to areas
between 10 and 15 ha. Cooperatives are areas of approximately 400 ha or more with collective
property rights and internal divisions varying between 4 and 12 ha. There are more than 300
colonies and about 25,000 families who are responsible for the 95% of coffee production in
Bolivia. Although the region has a high agricultural and tourist potential, its poverty index is
near 85%.
The diversity of producers' associations in the area responds to this colonization process. There
are organizations like agricultural cooperatives (Coracas) and associations, which are constituted
both legally and informally. It is common to find colonies with ties to one or more association or
cooperative. There are also the Confederación Sindical de Colonizadores de Bolivia (CSCB)20 ,
the Federación Agraria Especial de Colonizadores de Caranavi and the Federación Provincial
de Mujeres Colonizadores de Caranavi, in which the partners are independent farmers who are
not associated with their neighbors of the cantones.
Coffee production started in the 1990s as a development alternative and has increased greatly
during recent years and has become one of the main economic activities in the region. According
to farmers, the AgroYungas project made the first attempt at coffee production in 1990. Coffee is
the most profitable product for the farmers, followed by citrus fruits and other products like tea,
achiote and estevia. These products, including coffee, have been supported officially as
alternatives to coca production, but their commercialization has been a difficult process. Coffee
has received special attention from the program Alianza para el Desarrollo Integral de los
Yungas y Norte de la Paz (DYLAP), which is under the Viceministerio del Desarrollo
Alternativo (VDA), financed by USAID/Bolivia 21 and excuted by the project Acceso a Mercados
y Alivio a Pobreza (MAPA).
Brief description of the coffee agro industry
Annual production is approximately 120,000 bags, from which 80,000 is exported as traditional
(80%) and organic coffee (20%) 22 . Bolivian coffee is penalized 15% in the international market
because of its low quality. In recent years the market has improved due to fair trade agreements
and catering to the organic markets by taking advantage of the low use of fertilizers and
pesticides in the region. The most common varieties are: típica, caturra and catuai (a Brazilian
variety). Coffee production in Bolivia is mainly under shade and the harvest is between April and
September.

20

http://cscb.nativeweb.org/cscb.html
This program is developed in association with the Fondo Comunitario FCDA, which is implemented through
ACDI/VOCA. In the last three years the program has carried out 111 projects in the Yungas region.
22
http://www.mundodelcafe.com/news/2003/3009.htm
21
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Organizaciones en la cadena del Café
Caranavi
Agricultores
Individuales
Productores
Independientes

Cosecha

FINCAFE
ANED
FADES

Servicios
Financieros

Asociaciones,
cooperativas
y Coracas

Comercialización
local en guinda

FDTA-TH
ISTAIC
FODUR

Apoyo
técnico

MAPA
FAO-C23

AOPEB, CELCCAR,
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ANPROCA, Planta
Vicopex, ASOCAFE,
ACEB, CAMEX

Beneficio y
comercialización
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QHANA

FORCAFE

Asistencia
Técnica y
Financiera

CELCCAR
FECAFEB

Asistencia
mercadeo

Trillado y
comercialización
nacional y
exportación
en oro verde

AOPEB

Apoyo
Empresarial

Café Calidad
IMO
Biolatina

Calidad y
Certificación

Servicios de Apoyo

Figure 2.

Production chain for coffee in the municipality of Caranavi

There are more than 300 colonies involved in coffee production in the Yungas region. However
most of them are associated with the same growers’ and support organizations. Therefore only
some of the colonies were selected for data collection. The selection was done according to the
willingness of the farmers to participate in the different activities of the Project. The selection
also tried to include a heterogeneous group of farmer regarding location, production and size.
Due to the fact that one of the partners of the Project in Bolivia is the Fundación para el
Desarrollo Tecnologico y Agropecuario (FDTA - Trópico Húmedo), the farmers were contacted
through their local associates Federación de Productores y Exportadores de Café de Bolivia
(FECAFEB) and Asociación de Organización de Productores Ecológicos de Bolivia (AOPEB).
Eight associations were visited in Caranvi: Cooperativa Villa Oriente, Cooperativa Corpus
Cristi (Illampu), Cooperativa de Comercialización and Servicio Alto Sajama (Alto Sajama),
Asociación de Productores de Café de Taipiplaya (ASOCAFE) and cooperatives associated with
CELCCAR: El Salvador, San Salvador, el Progreso y Uyunense.
Time and Distance Model
The accessibility model is an approximation of the actual time taken to cover a given distance.
This is then used to determine the time that it takes a farmer to reach the closest urban area
taking into account the type of road and the slope. It also calculates the distance in kilometers.
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Table 1.

Road type and travel time

Type
Class
1 Urban zone
2 Early stage road
3 Unpaved road. Summer traffic
4 Paved road
5 Unpaved road
6 Side road
0 No road

Time (min)
1
3
0.3
0.1
0.5
0.5
4

Figure 3. Distance model to Caranavi (km).
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The calculations of distance and time took into account the road map provided by ACDI-VOCA,
updated for 2003, combined with the digital elevation SRTM with a 90 meter resolution.
According to the road type, the time for a vehicle to travel 90 meters was assigned (Table 1):
Caranavi is the closest urban area where most commercial activities take place in the Yungas
region. Caranavi was therefore taken as the closest urban center for coffee farmers. However
most commercial chains and even some coffee processing plants are located in La Paz as a
strategic location to do business more efficiently.
The travel time is the sum of the time spent to reach Caranavi and the time spent to reach La Paz.
For example, a farmer belonging to the Cooperativa Alto Sajama will spend 1.3 hours to reach
Caranavi and approximately 8.7 hours to reach La Paz.

Figure 3.

Figure 4.

Distance model to Caranavi (km).

The map shows the travel time from any point in the considered study
region to the trade center Caranavi.
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Table 2. Distance and time spent by actors in the coffee chain.
ID
Actor
1 Villa Oriente

Class
Associations

X_Meters
667346

Y_Meters
8259569

Elevation
City
1507.2 Caranavi

DIST-kmCAR TIME-hCARA
38
1.5

2 Illampu
3 Alto Sajama
4 CELCCAR

Associations
Associations
Associations

672200
667544
653580

8252977
8249765
8248902

1248.9
1465.4
618.2

Caranavi
Caranavi
Caranavi

40
26
0

1.8
1.4
0.0

5 Colmena
6 San Salvador
7 El Salvador

Associations
Associations
Associations

657787
662083
656367

8238497
8253830
8255771

1121.5
1117.6
1225.1

Caranavi
Caranavi
Caranavi

18
21
17

0.9
1.0
0.9

8 ASOCAFE
9 Radio Caranavi

Associations
Media

663624
653580

8237054
8248902

830.9
618.2

Caranavi
Caranavi

26
0

1.3
0.0

10 aleacaf
11 ISTAIC
12 ANED
13 FODUR

Traders
Technical Assistance
Financial Institutions
Technical Assistance

653580
653580
653542
653580

8248902
8248902
8249024
8248902

618.2
618.2
623.5
618.2

Caranavi
Caranavi
Caranavi
Caranavi

0
0
0
0

0.0
0.0
0.0
0.0

14 FORCAFE
15 Anditrade
16 Qhana

Technical Assistance
Traders
International Cooperat

592739
654947
653580

8175096
8247903
8248902

3603.6
604.1
618.2

La Paz
Caranavi
Caranavi

146
2
0

8.7
0.1
0.0

17 Café Calidad
18 C23
19 El Progreso

Quality and Certificat
International Cooperat
Associations

653580
653580
651732

8248902
8248902
8241447

618.2
618.2
1373.1

Caranavi
Caranavi
Caranavi

0
0
13

0.0
0.0
0.7

20 Uyunense
21 IMO

Associations
Quality and Certificat

652034
592739

8245055
8175096

1035.7
3603.6

Caranavi
La Paz

7
146

0.4
8.7

22 ASOCAFE Planta
23 FINCAFE
24 ANPROCA
25 CAMEX

Traders
Financial Institutions
Traders
National entities

592739
653580
592739
592739

8175096
8248902
8175096
8175096

3603.6
618.2
3603.6
3603.6

La Paz
Caranavi
La Paz
La Paz

146
0
146
146

8.7
0.0
8.7
8.7

26 ACDI-VOCA
27 AOPEB
28 FECAFEB

International Cooperat
Traders
National entities

592739
592739
592739

8175096
8175096
8175096

3603.6
3603.6
3603.6

La Paz
La Paz
La Paz

146
146
146

8.7
8.7
8.7

29 FDTA Tropico
30 Lobodes
31 Federacion de co

Technical Assistance
Traders
National entities

653542
592739
592739

8249024
8175096
8175096

623.5
3603.6
3603.6

Caranavi
La Paz
La Paz

0
146
146

0.0
8.7
8.7

32 Vision Mundial
33 SOSFAIM

International Cooperat
International Cooperat

653580
592739

8248902
8175096

618.2
3603.6

Caranavi
La Paz

0
146

0.0
8.7

34 Vicopex
35 Antofagasta
36 FADES

National entities
Associations
Financial Institutions

592739
655688
653580

8175096
8245277
8248902

3603.6
1192.0
618.2

La Paz
Caranavi
Caranavi

146
11
0

8.7
0.5
0.0

37 Biolatina
38 USAID
39 Mision Noruega
40 MAPA

Quality and Certificat
International Cooperat
International Cooperat
International Cooperat

592739
592739
653580
592739

8175096
8175096
8248902
8175096

3603.6
3603.6
618.2
3603.6

La Paz
La Paz
Caranavi
La Paz

146
146
0
146

8.7
8.7
0.0
8.7

41 CENAPROC
42 Cooperativa San
43 CENCOOP

Associations
Technical Assistance
Traders

653580
653580
592739

8248902
8248902
8175096

618.2
618.2
3603.6

Caranavi
Caranavi
La Paz

0
0
146

0.0
0.0
8.7

44 COAINE
45 MOJSA

Traders
Traders

592739
592739

8175096
8175096

3603.6
3603.6

La Paz
La Paz

146
146

8.7
8.7
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Social Network Analysis
Network Cohesion
The first concern of SNA is to investigate who is related and who is not and to answer why they
are related. The first hypothesis is that people who match each other on social characteristics will
interact more often and people who interact regularly will foster a common attitude or identify.
Social interaction is the basis of shared norms, identity and collective behavior, so people that
interact intensively are likely to consider themselves a part of a social group (de Nooy 2005).
This section will deal with the connections or ties among the actors in the coffee network.
Cohesion in SNA is related to the structural concepts of density and connectivity. Density is an
important indicator for information flow since it is related to the number of connections in the
network. The higher the number of information flows or connections among actors in a network
the more data is flowing. Density is the number of lines or connections (degree) expressed as the
maximum possible number of lines or ties. Since this measure depends on the size of the network
(usually the larger the network the lower the density) then two networks cannot be compared
based on this measure. Instead the average of the degree of the vertices could be used. A network
is strongly connected if it contains direct lines between all of its vertices. Connected networks
and networks with high average degree would be more cohesive. This will also applied to
subnetworks or subgroups with a network.
It is possible that the network itself is cohesive or to find cohesive sub-networks within a
network. Connected sub-networks or isolated sections within a network may be regard as
cohesive subgroups because vertices within a subnetwork are connected, whereas vertices in
different sections are not. In PAJEK, connected networks are called components, and they
determine cohesive groups.
Cores are groups of vertices that have the same degree or same number of connections or ties (k).
Cores are used to find cohesive groups. This means that vertices within a core are not necessarily
connected but it is possible to identify dense subgroups within the network. For example, a
vertex belonging to a 5-core has at least five connections to other actors, and at the same time
that vertex could also belong to cores of 1, 2, 3 and 4. In PAJEK it is said that 5-cores are nested.
As a result of nesting, different cohesive subgroups within a k-core are usually connected by
vertices belong to lower cores. That is how it is possible to combine the previous methodology of
connected subgroups or components with cores. To identify cohesive subgroups, first the vertices
of low k-cores (or not very dense cores) are eliminated until the network breaks in to relatively
dense components.
A final remark regarding structural cohesion is that a cohesive subgroup is not necessarily a
social group regarding social characteristics, behavior and opinion. Attributes that characterize
the actors of the network should be analyzed to find what the similarities are that link them
socially.
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Table 3.
Cluster
1
2
3
4
5
6
7
8
9
10
12
13
14
15
28
Sum

Frequency Distribution of All* Degree of Coffee Network
Freq
21
4
5
2
6
4
4
5
3
1
1
2
2
1
1
62

Freq%
33.9
6.4
8.1
3.2
9.7
6.4
6.4
8.2
4.8
1.6
1.6
3.2
3.2
1.6
1.6
100.0

CumFreq CumFreq% Representative
21
33.9
Lobodes
25
40.3
FADES
30
48.4
Colmena
32
51.6
El Salvador
38
61.3
Illampu
42
67.7
Radio Caranavi
46
74.2
aleacaf
51
82.3
Alto Sajama
54
87.0
San Salvador
55
88.7
ASOCAFE
56
90.3
FINCAFE
58
93.6
FORCAFE
60
96.8
Villa Oriente
61
98.4
CELCCAR
62
100.0
FECAFEB

* Incoming and outcoming lines from vertices

Density and Degree
The network assembled in the coffee chain (Figure 5) was based in a survey of selected actors
(e.g. producers, traders, support actors and media) that are involved with the production and
marketing of coffee. The question that represents the link among actors was: from whom you get
information? (Annex A). It was possible to built a matrix based on the answers and to analyze it
in PAJEK. Table 3 shows that 21 of the 62 actors making up the network have just one
connection and actors like FECAFEB have 28 connecting lines or ties. For example, FECAFEB
was mentioned 15 times by other actors as a source of information.
The density of the coffee network is 0.042, meaning that 4.2% of the possible connections in the
network do exist, therefore the network density is rather low and thus so is the information flow.
The arithmetic mean of the vertices’ degrees (output degree plus input degree) of the network is
5.16 and the standard deviation is 4.92. On average each actor has 5 information ties (both
incoming and outgoing ties). Since the network was built based on the question from whom did
you receive information, it would be also important to look at the input degree average (e.g. who
mentioned me?). This value is equal to 2.68 meaning that in average the actors do not have more
than two information sources.
Connected Subgroups
Isolated sections within a network may be regard as cohesive subgroups because vertices within
a network are connected, whereas vertices in different sections are not. In PAJEK, connected
networks are called components, and they determine cohesive groups. The survey conducted
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with actors in the coffee chain was carried out independently and none of the actors were told
about the answers from others. Figure 2 presents the strongest subgroups in the chain.
The main attribution of vertices (or partition in PAJEK language) in this network is the type of
actors. This information could be extracted from the subgroups and interesting insights arise. For
example, in Figure 6 it is possible to see that just three producers' associations of the eight
consulted are in the first subnetwork whereas in the second the producers are not represented.
Even among them, there is no cohesive subgroup formed. The strongest group are formed by a
heterogeneous group of actors, which could be positive since different types of information could
be shared specially between the technical assistance actors (4) and the producers associations (1).
The subgroup at the bottom- left hand side formed by Anditrade, ACDI-VOCA and Aleacaf had
already been identified during initial visits to the region, before the analyses were conducted, as
a cluster because of their link to the same donor agency.

Figure 5. Information network in the CoffeeChain of Caranavi, Bolivia (1: producers
associations, 2: traders, 3: media, 4: technical assistance, 5: financial support,
6: International cooperation, 7: Quality and certification, 8: National
organizations and federations.)
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Cores
As stated above, cores are groups of vertices that have the same degree or same number of
connections or ties and it is also used to find cohesive groups. In the coffee chain the connected
subgroups were determined only in the 5-core (Figure 7). It is possible to see that the subgroup
of the left in Figure 6 is the same with the number 1 correspond to the same cohesive subgroups
of Figure 6.
The strong component or strongly connected subgroups (Figure 6), which were identified by
looking at ties, yields the same result obtained through finding first cores and afterwards
applying connectivity (Figure 8). Because both procedures uses the same principle of
connectivity, the choice of applying connected subgroups directly or looking first at the cores
depends on the density of the network and the nature of the ties (directed or undirected). Annex
B presents a decision tree for the application of these procedures to find cohesive subgroups. The
attributes that describe actors in a subgroup must be understood to clarify as to what degree
actors are socially linked.

Figure 6.

Strongest subgroups in the Coffee Chain of Caranavi.

Centrality, Centralization and Betweenness
Most social networks have actors or organizations that are central because of their positions. The
concept of centrality is directly linked to power relations. They have better access to resources
like information and also better opportunities for dissemination as well. When a network
contains central actors it is said that the network is centralized (a clear boundary exists between
the center and periphery). Centrality referrers to the positions of individuals and centralization
refer to a characteristic of the entire network. The simplest indicator of centrality is the degree
since the higher the number of neighbors the higher the number of sources of resources. It is also
important to know how reachable an actor can be. The example that is usually cited in the
literature is the analysis of a communication network. The shorter the distance between vertices,
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the easier is to exchange information. Distances are a measure of paths, which is formed by the
number of ties or connections between two vertices.
PAJEK computes the closessness centrality of a vertex, which is the number of other vertices
divided by the sum of all distances between the vertex and all others. It also computes the
closessness centralization, which is the variation in the closessness centrality of vertices divided
by the maximum variation in closeness centrality scores possible in a network of the same size.
More variation in the centrality scores gives a more centralized network.
Betweenness is an indicator that is based on which actors or organizations are important as
intermediaries. An answer regarding a communication network would be, "How important is that
person (or organization) to the transmission of information, although the person (or organization)
may not have many direct ties or connections? The centrality of the person (or organization),
looked at as betweenness, depends on the extend to which the person (or organization) is needed
as a link in the chain.

Figure 7.

k-cores in the Coffee Chain of Caranavi
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In Figure 5 all the closeness centrality is represented by the size of the vertices and the obtained
values are in Table 2 for the ten most important. The closeness centralization value of 0.38 is
rather low, meaning that the network is not centralized. The standard deviation of 0.06 indicates
that the centrality values are closed; therefore none of the actors stands out as central. Actors like
FECAFEB, FORCAFE and AOPEB ranked higher than the others and a simple inspection of the
network readily reveals this.
Table 4 presents two different indicators, column (a) takes into account the input closeness
centrality and output ties while (b) takes into account input. When the direction of ties is
important then it is best to compute them separately. Since the survey sought information
sources, the input closeness centrality (column b) identifies those actors in the chain that are seen
as the main sources of information sources. Nevertheless, these are not central actors given the
similar values obtained (for the input centrality of vertices the standard deviation was 0.05). For
example, FDTA Tropico gives technical assistance and is seen as one of the main sources of
information. It is also important see that the producers' associations obtained similar scores.

Figure 8. Connected subnetworks in the 5-core subgroups
in the Coffee Chain.
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Table 4.

Top 10 of All and Input Closessness Centrality in the Coffee Chain

Closessness
Closessness
Centrality Actor
Centrality Actor
Betweenness
all
input
FECAFEB
0.5545 FDTA Tropico
0.2102 CELCCAR
0.131
CELCCAR
0.4919 FECAFEB
0.1952 FORCAFE
0.099
FODUR
0.4841 FORCAFE
0.1774 C23
0.082
ASOCAFE
0.4692 AOPEB
0.1716 FECAFEB
0.077
Alto Sajama
0.4621 Biolatina
0.1563 FODUR
0.070
FINCAFE
0.4552 CELCCAR
0.1521 Qhana
0.066
AOPEB
0.4552 Fed. de colonizadores 0.1505 ASOCAFE
0.033
FORCAFE
0.4519 Naturland
0.1487 Café Calidad
0.033
IMO
0.4519 FLO
0.1469 ACDI-VOCA
0.026
ASOCAFE Planta 0.4519 IMO
0.1452 AOPEB
0.026
Actor

Figure 9. Closeness centrality of Coffee Chain in Caranavi
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Betweenness
The principal mediators are CERCCAR, FOCAFE, C23, FECAFEB and FODUR (Table 4)
although as mentioned above the indicators obtained are not high. The positive aspect of this
type of ne twork is that there is no one single actor associated with the failure of the network
(Figure 10), because there is no one single control over the flow of information. The network
betweenness centralization is very low at 0.12. According to the data, the actors with the most
information power are FECAFEB, FORCAFE and CELLCCAR. Although the producers have
access to information they do not control it and are not seen as information sources by other
actors in the chain.
Bridges and Brokers (negotiators)
It is well known that persons with more connections have better access to information and help.
Therefore social ties are one measure of social capital. However, the number of ties is not the
only important aspect, the types of ties are also important. Generally, ties between people that are
related to one another, even strong ties, (e.g. with family relations or close friendships) are less
useful than weak ties between people who do not know one another closely or whose
relationship is strictly for business matters. This concept is known as the strength of weakest
components. With this analysis would be possible to identify ties and actors that are
indispensable for the network to remain connected. If they do exist, they are called bottlenecks
and information traffic through the network is vulnerable. The major brokers of the coffee chain
are FECAFEB, Villa oriente, AOPEB, Forcafe, ANED, El Progreso, ACDI-VOCA and CAMEX
(Figure 11).
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Figure 10. Betweenness centrality in the Coffee Chain in Network
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Accessibility, Social networks and coffee production
The hypothesis is that farmers who have easy physical access to Caranavi (less travel time)
would be located centrally in the coffee network and so will be more exposed to information. As
we can see from the correlation between the accessibility to Caranavi and centrality (Figure 12),
there is a correlation between these two features but the results are contradictory to the original
hypothesis. The fact that farmers who are located remotely does not imply that they could not be
central actors in the coffee chain. There are other factors that reflect their position in the network.
Their access to information is not constrained by their physically remote location. This is the
case for the Cooperativa Alto Samaja, which is one of the remotest, but is nevertheless a well
informed actor. The key element that allows them to keep their knowledge up-to-date is that a
leading farmer

Figure 11.

Brokers of the Coffee Chain in Bolivia.

179

travels a lot and has constant contact with potential buyers, technical assistance entities and their
neighbors.

Centrality (access to information)

The second logical hypothesis is that as farmers are more central within the coffee network they
will have more access to information and therefore their production level will be higher.
Although the correlation of these two variables is weakly positive (Figure 13) it cannot be
conclusively derived from the scattered data that farmers with a more central location within the
coffee network have higher levels of production. Before the hypothesis can be proved or rejected
a more detailed analysis of other factors that are not directly dependent on information centrality
and yet determine production levels (for example weather conditions or soil types) must be
conducted.
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Centrality of the coffee producers associations
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ReDCampo (FIT 3) Encuesta sobre información actual
Tipo de
Información

Insumos

Manejo del
Cultivo

Riego

Manejo
Poscosecha

Información
sobre clima

Transformación

Información
de precios

Nuevos
mercados

Estrategias
de Mercadeo

Créditos

Desarrollo
Empresarial
Rural

Otro

Código

1

2

3

4

5

6

7

8

9

10

11

12

Código

Medio

Frecuencia

1. Visita

1 Año

2. Teléfono

2 Cada 6 meses

3. Celúlar

3 Cada 3 meses

1. Nada

4. Fax

4 Cada mes

2. Poca

Actores
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Outline of planned experimental research to understand the impact of the
interactions between environmental factors, agronomic management and
genotypes on the coffee liquor quality
Marcela Estrada
(In collaboration with colleagues of the University of Bonn –J. Pohlan-)
Sources of funding: German Federal Ministry for Economic Cooperation BMZ
Background and problem description
After the most recent crisis in the coffee-producing sector, high quality coffees have positioned
themselves in the international coffee market as one of the fastest growing segment (Giesemann,
2002; Aman, 2002; Gómez, 2003).
In this context, the question arises: If this sector has so much potential in the market, and
Colombia has so much potential to produce these sought-after coffees, why have the production
practices not yet been adjusted to comply with the new requirements of the market? Why has
there not been a generation of knowledge initiated that would support such a change in
management practices?
One explanation for this may lie in the fact that research on coffee in Colombia predominately
has been directed towards improvement of yields and resistance to pest and diseases. This points
towards the vacuum that exists in knowledge generation and vision to use the natural resource
potential for high quality coffees as a competitive advantage 23 .
If we want to produce quality coffee we need to operate under strict quality-control management
practices. These need to have clearly defined and implemented criteria that are based on specific
knowledge and be used to implement systematic management (Pérez et al., 2005) that permits
the full use of the natural resource in identified niches.
However, which are the most apt practices and criteria that should be used? Today we cannot
give a precise answer: there is general knowledge about some factors that drive quality (Wallis,
1967; Salazar et al., 2000; Wintgens, 2004; Pérez et al., 2005). Moreover, there is no specific
knowledge available about the interactions between these factors, nor about their site-specific
expression.
Camargo (1992) and Illy (2001) state that the most important influence on quality comes from
environmental factors that help the expression of the genetic potential of the plant. At present
most studied environmental factor is altitude (Menchú et al., 1971; Cabrera et al., 1991; Guyot et
al., 1996; Buenaventura and Castaño, 2002; Decazy et al., 2003; Vaast et al., 2004; Vaast and
Bertrand, 2005). These authors also demonstrated the intimate relationship of altitude with (a)
climatic conditions (including temperature, cloud cover, precipitation) and (b) topographic
factors (e.g. slope and aspect).

23

Pérez et al., Revista de Geografía Agrícola, No. 35/23.
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In addition, other studies have investigated the importance of agronomic factors on coffee
quality. These studies generally provide only information very specific to the site where the
experiment was conducted. The impact of shade has been studied in Guatemala (Guyot et al.,
1996); Cuba (Larramendi et al., 2004); Costa Rica (Muschler, 2001; Vaast et al., 2004; Vaast et
al., 2005; Avelino et al., 2005); Honduras (Decazy et al., 2003) and Colombia (Alarcón et al.,
1996). The time of the harvest was investigated by Smith et al. (1992), Génard and Souty (1996),
Souty et al. (1999) and Vaast and Bertrand (2005). Furthermore, the literature provides some
information on the impacts of fruit load on product quality (Vaast et al., 2005; Gómez y Riaño,
2005). Other individual studies consider the age of the plant (Arias et al., 1989; Bertrand et al.,
2000), the variety (Castillo and Moreno, 1986; Puerta, 1996) and rejuvenation management by
way of cutting back the plants (Gómez and Riaño, 2005). Some studies have been conducted to
understand better the impact on product quality of post- harvest practices (Puerta, 1995; 1996;
2000; 2001), and as a consequence some guidelines that help to maintain grain quality have been
derived.
The interaction of the factors described above generates complex multiple effects on liquor
quality, where each factor may maintain or reduce or enhance the expression of specific liquor
qualities (Pérez et al., 2005). The lack of understanding of these impacts was the reason for this
study. The study attempts to understand better the most likely liquor traits that may result from
interactions of specific management practices with spatial and temporal site characteristics.
Furthermore, this work will try to predict these effects based on results from case study
experiments.
Methodological Approach
We identified plots of 30 m by 60 m in eight commercial coffee farms in the Colombian
departments of Cauca, Huila and Antioquia. Over two years we shall evaluate in these farms
specific quality factors and their respective interactions and their impacts on liquor quality. Table
1 presents a summary of the study, with information about the distribution of the sites, factors
considered and the agronomic management practices implemented.
Table 1. Details of the farms selected and their regional location where the studies will be
carried out.
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Each plot with a defined aspect is has subplots with low and high soil fertility. Within the
subplots coffee plants that are used for monitoring were selected as outlined in Figure 1: Fifty
trees were selected at random and 25 assigned to a fruit thinning treatment with 25 trees
asunthinned controls. The fruit thinning
treatment consists of manually reducing the fr uit
load to 50% of the original number of fruit buds
(25) Raleados
90 days after the main flush of flowering. A
(1 Muestra)
further 50 coffee trees were allocated to a
treatment where the upper and lower fruits will
(25) Testigos
Fértil
(1 Muestra)
harvested separately and a control. The fruits
harvested from these treatments will be
(50) Cosecha Arriba (1 Muestra)
evaluated for their liquor quality by an expert
Abajo (1 Muestra)
Parcela 1
panel of cuppers.
Orientación
Norte

(25) Raleados
(1 Muestra)

In five trees of each treatment the following
measurements will be taken:
No Fértil

leaf area index (LAI) determined using the
method of Arcila and Chávez (1995) and with
an optical LAI measurement device (Li-Cor
3100).
Dry matter yield of leaves and grains will be
determined as well as measurements of specific
leaf area and relative growth rate. These data will
be measured at fruit thinning and at grain harvest.

(25) Testigos
(1 Muestra)

(50) Cosecha Arriba (1 Muestra)
Abajo (1 Muestra)

Figure 1.

The complete experimental
design.

At harvest (approximately eight months after the main flush of flowering) 12 kg of coffee
cherries will be harvested from each treatment and processed with a mobile processing unit.
Processing will be by the wet method of aqua-pulping with an additional fermentation in small
plastic tanks of the depulped beans over 5 hours. After fermentation, samples will be washed in
clean water and dried in a mechanical drying unit to 10% - 12% moisture content. Samples will
later be subjected to a sensoric analysis by a cupping panel.
The data will be analyzed by multifactor analyses, principal component analyses, correlation and
regression. Finally, the data will be used to further calibrate the crop niche selection model
CaNaSTA.
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Local knowledge, soil macrofauna and farm management in the Quesungual
agroforestry system of western Honduras
Natasha Pauli, Edmundo Barrios, Thomas Oberthür and Arthur Conacher
(In collaboration with colleagues of FAO –E. Garcia-)
Introduction
As part of a broader research program on the functioning of the Quesungual agroforestry system
of western Honduras, a study was undertaken of local knowledge of soil fauna and the
environmental influences on their distribution and abundance. Little research has been
undertaken on local knowledge of soil animals, even though soil fauna can make an important
contribution to soil quality through their effects on soil structure and organic matter breakdown.
The objectives for this study were two fold:
to gain an understanding of the depth of farmers’ knowledge of soil fauna, their ecological roles
and influences on their distribution; and
To better understand local perceptions of soil fauna, so that any management recommendations
will be directly applicable.
Methods
The local knowledge of farmers practicing Quesungual agroforestry was investigated using semistructured interviews with 20 farmers in the zone. Interviews were conducted in a conversational
manner, and often included a guided tour of the farmer’s parcel of land. The objective of the
interviews was to understand the values that each farmer attaches to soil fauna and trees as
indicators of the quality of the soil, and to find out to what extent farmers recognize changes in
the abundance and diversity of soil fauna within their farms (as influenced by factors such as
topography, soil, trees), and throughout the year. A further aim was to gain information on farm
management practices that could be affecting the abundance of soil fauna within farms, such as
the use of fertilizer, pesticides and tree selection.
Results
Earthworms were the most commonly nominated type of soil invertebrate, and were generally
regarded as an organism that was beneficial to farm activities. However, all other nominated
organisms were generally regarded as having harmful effects on farm activities (see Figure 1).
Individual farmers often noted that a particular invertebrate could have both harmful and
beneficial effects, particularly in the case of ants. Leaf-cutter ants can inflict substantial crop
damage, but at the same time farmers recognize that the discarded material that surrounds the
exits to their nests is nutrient-enriched, and often collect this material to aid in the fertilization of
high- value crops such as tomatoes.
Farmers recognized that many different environmental factors could influence the spatial and
temporal distribution of soil fauna (see Figure 2). Over 90% of farmers recognized a difference
in soil fauna abundance between the dry and wet seasons. Other commonly noted factors were
soil fertility status, topographic position in the landscape and type of land use (i.e., pasture,

186

maize crops, fallow). Less commonly noted factors included the presence of trees, shade,
surface mulch and animal manure.
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Figure 1. Farmer perceptions of soil invertebrates, Candelaria region, Honduras. Note
that not all farmers nominated every type of invertebrate listed here.
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Figure 2. Farmer perception of factors affecting general soil macrofauna distribution.
Discussion
Farmers had substantial knowledge of soil fauna diversity and activity in their farms, as well as
an understanding of spatial and temporal changes in soil fertility. Factors that farmers
considered as important influences on soil fauna were often those that have an influence at broad
spatial or temporal scales (season, topography, soil type), while those with a less important
influence take effect at a more restricted scale (trees, shade, green manure, animal manure). This
finding allows us to construct a hierarchy of environmental factors that have influence at
increasingly more detailed scales, which can then be compared to the results of scientific
investigations on soil fauna distribution to examine the similarities and differences between the
two knowledge systems.
Similar results were gained from a participatory mapping exercise that was undertaken with a
small number of farmers from the region. During a tour of the farm plot, farmers would identify
broad zones that were generally good for crop growth or were less fertile due to “static” factors
such as soil texture, soil type, aspect or topography, but within each zone, specific areas were
identified that for “dynamic” reasons had higher or lower crop yields in that particular growing
season, such as high shade cover, high leaf-cutter ant activity or fertilizer shortage.
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With regard to management, it is important to note that aside from earthworms, soil invertebrates
were generally perceived as prejudicial to farm activities. For example termites, which were
highly abundant in farmers’ fields, were generally perceived as harmful because they can
damage valuable timber and sometimes feed on ears of corn during the drying process. Small
ants often carry away newly planted corn and sorghum seeds but do little harm to established
plants. For these reasons, farmers are unlikely to respond positively to management
recommendations to augment populations of these animals in their field, but probably would
respond positively to measures aimed at increasing earthworm populations.
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Spatial dynamics of soil macrofauna: the importance of scale
Natasha Pauli, Edmundo Barrios, Thomas Oberthür, Arthur Conacher and Edwin García
Introduction
In the soil environment, there are many potential abiotic and biotic factors that could influence
the spatial distribution of organisms. However, until recently, spatial variation in soil fauna
populations was often regarded as random noise in analyses. There has recently been a flurry of
research on the spatial distribution of soil fauna, for two main reasons. First, an understanding of
the spatial and temporal distribution of soil macrofauna is considered to be important to “scaleup” the results of plot-based studies to larger scales, suc h as catchments, regions and ecosystems.
Second is the notion that understanding of the spatial and temporal variability of soil macrofauna
populations at different scales may be the key to understanding the ecological function of high
soil biodiversity, and the interaction between environmental variables and soil fauna.
Agroforestry systems, with their use of diverse crops and overstorey trees, present an
environment that is highly spatially and temporally dynamic. If changes in above-ground
biological resources are important to below- ground biological resources, we should expect that
such diversity of vegetation in space and time is reflected in the distribution and abundance of
soil macrofauna. This could in turn have important effects on ecosystem function, by creating
alternating areas of high and low faunal activity, with resultant effects on organic matter
breakdown, nutrient cycling and soil structure.
The “Quesungual” agroforestry system of southern Honduras presents an opportunity to study
the effects of trees on soil macrofauna dynamics in time and space, within an agricultural system.
This particular agroforestry system is based on cultivation of annual crops such as maize, beans
and sorghum, with an overstorey component of both large, free-growing trees and smaller pruned
trees. The tree component is left within fields during their initial conversion from secondary
forest. The large trees are generally valuable timber species, while less valuable species are cut
to a height of around 1.5 metres. These smaller trees are pruned just prior to sowing, and the
prunings are distributed on the soil surface to form a mulch through which seeds are sown. The
mulch helps to maintain soil moisture and reduce erosion.
Pilot surveys of macrofauna distribution in the region indicated that at a broad scale, soil
macrofauna communities are highly variable, and variables such as land use, soil texture or
overall vegetation cover were not good predictors of the abundance of soil fauna. The objective
of the current study was twofold:
To identify an appropriate scale at which changes in soil macrofauna abundance can be related to
environmental variables, and
To determine whether trees within fields exert an influence on soil macrofauna distribution. The
eventual goal is to use these results to develop management recommendations for local farmers,
so that they may incorporate the beneficial soil macrofauna within their fields.
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Methods
Because preliminary results indicated that soil macrofauna communities were highly variable
within and between farms, it was necessary to stratify the sampling design to take account of
variation in broad-scale factors such as topography and soil texture. These factors can have a
significant effect on soil macrofauna, principally because of their influence on soil moisture.
Two representative farms were chosen, one with a diverse, abundant macrofauna population
(Site 1), and one with a very sparse macrofauna population (Site 2). The farms shared similar
altitude, geographic location, management characteristics, geology and broad soil type.
The farms were stratified using a two stage process. To begin, a map of local soil types and
quality was made based on the farmer’s knowledge during a participatory mapping exercise.
Second, the soil type / soil quality classes were further divided according to topography (for
example, upper-, mid- or lower-slope. The resulting maps contained six distinct zones in Site 1
and five in Site 2. In each of the zones, 20 sample points were allocated where detailed sampling
of biological variables (dry weight of fresh earthworm casts, ant nest density and litter cover)
was carried out. The 20 sample points were distributed between two sites located in each half of
the zone, and were located at 4 metre spacing in a grid format of random origin.
Single factor ANOVA was used to test differences between the groups. Soil samples to
determine texture, organic matter content and aggregate stability were taken from 30% of these
sites. Further, low-altitude digital aerial photographs will be used to characterise the density and
distribution of overstorey trees within each of the zones.
A second set of data was taken at a more detailed scale, specifically to determine the influence of
tree location on macrofauna. In each farm, a regular grid of more than 100 sampling points was
located in one of the topography / soil class zones. The spacing of the grid points at 2 metres
was determined based on the results of a pilot study undertaken 12 months previously. At each
point, data were taken on abundance of pruned trees, dimensions of free-growing trees, dry
weight of fresh earthworm casts, abundance of ant nests, and litter cover. Although statistical
analysis is still to be undertaken on these data, there are some strong trends evident, which are
presented here in graphic form.
Results
Both farmers identified areas of high and low soil quality within their farm, which were
principally related to local variation in soil type. Areas with dark-coloured, loamy soil were
generally considered as highly fertile, while areas with yellow- or red-coloured sandy or high
clay-content soils were generally considered less fertile, as were areas presenting a high
proportion of stones or a hardpan layer below the surface. Topographic position was generally
not considered explicitly in farmers’ classifications.
Preliminary results of sampling of indicators of soil biological activity support the farmers’
perceptions. In the fertile Site 1, evidence of earthworm activity was significantly more
abundant (P<0.001) in zones classified as fertile by the farmer than in less fertile areas with
shallow, stony soils or exposed locations (Figure 1). However, litter cover was similar
throughout the whole farm. In the lower fertility Site 2, a similar pattern was observed for
earthworm casts, with fertile zones recording significantly more activity (P=0.01) than low
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Figure 1. Dry weight of earthworm casts, Sites 1 and 2. HF = High fertility zone, MF =
Medium fertility, LF = Low fertility
fertility zones (Figure 1). In this farm, litter cover was significantly greater in fertile areas than
in low fertility areas (P<0.001).
Some very interesting results were obtained from the detailed grid survey. In the more fertile
Site 1, distribution of pruned trees was relatively even over the whole grid area, and litter cover
and earthworm casting activity also appeared to be relatively evenly distributed. (Figure 2). Ant
activity was very low in this farm, while surface activity of earthworms was very high. In the
less fertile Site 2, pruned trees and free- growing trees were distributed irregularly, with areas
containing clumps of trees and some areas containing no trees (Figure 3). There appear to be
corresponding changes in litter cover, earthworm activity and ant nest activity. Although litter
cover was relatively even throughout the sampled grid, the areas with the lowest litter cover
occurred in areas with no trees. Earthworm activity appeared to be concentrated beneath pruned
trees and tall trees. Ant activity displayed the opposite trend, with nest sites located principally
in areas with no trees or low tree abundance.
Pruned trees are relatively evenly distributed across the plot, with a corresponding even
distribution of litter material, much of which is derived from tree prunings (Figure 2).
Earthworm cast distribution is also relatively even, although it appears areas with more pruned or
large trees tend to have slightly more cast material.
Pruned and free-growing trees display an aggregated pattern of distribution (Figure 3). This
aggregation seems to have affected the distribution of earthworm and ant activity, with more
earthworm activity beneath trees, and higher ant nest concentrations away from trees. Litter
cover also shows a moderate association with tree distribution.
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Discussion
The results of the stratified survey clearly show that differences in topography and soil type
within farms affect the activity of soil macrofauna and in some cases, the distribution of farm
resources such as litter cover, which protects soils from erosion on the steep slopes. At a broad
scale, soil macrofauna activity is dependent on soil type (soil texture) and topography. However,
at this level of resolution, we can not determine the more localised effects of trees on belowground biological resources.
At a more detailed level, once differences in topography and soil type are removed, it is possible
to see the influence of trees on soil fauna activity and litter cover. Although results are still
preliminary, it seems that the pattern of distribution of trees affects the distribution of other
resources. When tree distribution is clumped, we can expect to see a more aggregated
distribution of litter cover and macrofauna distribution. However, when trees are distributed
more regularly or at higher densities, there is a corresponding more regular distribution of litter
cover and macrofauna activity.
It appears that pruned trees have similar effects on soil fauna distribution as large trees; thus,
farmers do not have to increase the dens ity of large trees (which compete with crops for sunlight,
water and nutrients) in order to increase litter cover and soil fauna activity. This research has
important implications for farm management, as it shows that farmers can manage litter cover
and macrofauna activity by manipulating pruned tree density and distribution.
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Developing drought insurance for poor farmers in developing countries –
two case studies
Jacqueline Díaz Nieto, Myles Fisher, Simon Cook and Mark Lundy
Sources of funding: German Federal Ministry for Economic Cooperation BMZ
Abstract
Risk is a major impediment to development. Farmers worldwide value insurance, but it is
unavailable to the poorest. The methodology developed and briefly described below is:
Site-specific,
Not dependent on pre-existing yield data,
Flexible in that it can be applied to the wide range of crops in the DSSAT series and the
premiums and payouts can be easily adjusted as
circumstances require, and
The insurance instrument and its trigger points are
transparent.
What use is drought insurance to poor farmers?
Drought has serious implications for farmers in
developing countries, especially poor farmers with
minimal resources to fall back on when times get
tough. Drought can reduce or eliminate crop
yields, leading to income loss and sometimes
hunger and starvation. Even the risk of drought
hinders development, as farmers adopt informal
self- insurance measures that make inefficient, if
safe, use of resources. Self- insurance generally
aims to lower the exposure to risk, but in so doing
limits potential.
Traditional responses to insurable disasters are not
always helpful. Researchers in the U.S. have
shown that in a worst-case scenario, post-disaster
relief can encourage activity in areas that are
Can I risk using fertilizer this year?
known to be vulnerable.
Reliable insurance policies, which can indemnify
farmers through periods of financial stress, puts them in a better position to take risks that are
reasonable, such as applying fertilizer in areas that are not especially drought prone, which in the
long-term increase productivity and enable development of financial and biological capital.
Summarizing the consequences of drought for resource-poor farmers and the impact that
insurance could have:
Drought insurance improves sustainability by supporting sound investment decisions under
climatic uncertainty.
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Climate uncertainty presents serious risks for millions of poor farmers in developing countries.
Unmanaged risks of drought and floods reduce the sustainability of farming systems by obliging
farmers to make sub-optimal decisions and by obstructing sound investment in fertilizers, new
seed, or water management structures. Repeated evidence exists to show that, without such
investment, farmers face a downward spiral of declining value of produc tion and deepening
poverty.
Careful decisions are required to handle climatic uncertainty. Decisions need to be targeted to
meet specific risks that vary significantly from place-to-place. Support through insurance needs
to be based on best-available scientific estimates of hazard probabilities.
A well-designed insurance scheme can enable farmers to improve sustainability by:
Supporting reasonable investment decisions, such as buying fertilizer, changing seed, or
building water management structures.
Enabling rapid recovery of investment by indemnity payments to the insured.
Discouraging unsound investment where analysis indicates excessive risk
Modifying behaviours through variable premiums. This might be used to encourage the adoption
of more resilient soil conservation techniques.
A potential implementation pathway with much promise is through supporting microfinance with
insurance.
Potential for an insurance products in developing countries
Insurance has been used for centuries in Europe. Insurance works because it wraps the best
available science and economics in a single number – the insurance premium – that can then be
communicated easily to those who face the risks. Agricultural insurance is used widely by
farmers in developed economies to protect against losses caused by frost, flood or drought.
Farmers in developing countries lack access to such instruments and this places them at a
considerable disadvantage. Some early insurance schemes have been tried and, while these drew
strong interest from farmers themselves, most have failed because of serious administrative and
technical inadequacies. Government-run insurance schemes are often unsound for these reasons.
Given the dismal history of formal agricultural insurance to date, many governments and private
companies have become shy of crop insurance. In almost all cases, however, insurance has failed
not because of the principle but because of its poor implementation, in schemes that are costly or
badly designed. Most, if not all of these pitfalls can be avoided through an index-based rainfall
insurance scheme, based on sound scientific methods, to provide a cost-effective but accurate
level of insurance to potential risk-takers. This is explained further below.
How to develop a robust insurance scheme for developing countries
The basic requirements of an effective insurance scheme are:
The scheme must be cheap and secure to administer.
The premiums must correspond accurately to indemnity payments to avoid risks of moral hazard
and adverse selection.
These conditions can be met partially through weather-based insurance schemes. A limited
number of weather-based crop insurance schemes have already been trialed around the world
(e.g. Canada, India, Mexico and Argentina). Most rely on good historical data that is likely to be
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very rare or unavailable for many if not most developing countries. However, we at CIAT can
develop rainfall-based insurance schemes in regions where little or no data are available, by
using methods of interpolation between sparsely distributed weather stations and simulation
models to estimate the relationship between simulated rainfall and crop yield. Results below
show the outline of a robust methodology on which to formulate a rainfall-based insurance
scheme for areas with scarce data.
A robust drought insurance product is one that has the least basis risk 24 . Ideally insurance would
involve an absolute minimum basis risk. Research has shown that it is feasible to develop a
rainfall index that maximizes the correlations between crop loss and the rainfall index. Studies
indicate that premiums must be specific to a given site and, if possible, soil since these variables
influence crop loss most significantly. We outline two case studies below.
Case Study 1. Drybeans in Central America
The methodology was developed in Honduras. Six sites were chosen to represent annual rainfalls
from 1000 to 2200 mm, and at one site an altitudinal transect from 600 to 1000 m. Ninety- nine
years of climatic data were generated for each site using the CIAT climate simulator MarkSim.
These data were used as input for the Decision Support System for Agrotechnology Transfer
(DSSAT) drybean submodel with eight contrasting soils in combinations of deep and shallow
with four texture classes ranging from sand to clay.
Not unexpectedly, examination of the data showed that yield was more sensitive to shortages of
rainfall in some periods than in others, for example drought during grain- fill was more damaging
than drought during vegetative growth befo re flowering. The minimum rainfall amount below
which crop yield would be reduced was estimated for consecutive ten-day periods during the
growth cycle using a linear programming method. These estimates contain an implicit weighting
in that the minimum rainfall is greater for periods when the crop is more sensitive to drought. A
"drought index" was defined as the cumulative total by which rainfall in a particular year falls
below the minimum for each ten-day period. The drought index represents a seasonal rainfall
deficit.
Trigger points of the drought index were set for each combination of site and soil such that a
given percentage of years (one year in ten, say) would be give a payout. From this point it is
simply an actuarial exercise to define the levels of compensation and calculate premiums for
each soil type for each locality.
A prototype insurance instrument was discussed with four farmers' groups in Nicaragua in
association with a local micro-finance institution. Farmers quickly grasped the concept and
expressed enthusiasm for the idea. They particularly found the concept of the drought index
useful and liked the notion that the payout would be transparent, that is it would be based on
objective data (rainfall measured by a disinterested third party in their own village). In other
words, everyone knows the numbers, everyone knows when the numbers will trigger a payout
and everyone knows what that payout will be.
24

Basis risk can be interpreted as a mismatch between payments and income loss and also a mismatch between the
premiums and the risk at that location. The consequence of basis risk is either too high or too low pay-outs for the
premiums received.
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Case Study 2. Seed of Brachiaria grass hybrids in NE Thailand
In 2004, Papalotla, the Mexican company that CIAT has contracted to commercialize its new
hybrids of the Brachiaria pasture grass known as Mulato, expected its 3000 smallholder
contractors in NE Thailand to produce 100 tonnes of seed. A drought during the seed set phase
severely reduced yields and the harvest was only 10 tonnes. The World Bank Commodity Risk
Management Group (CRMG) contracted CIAT to provide a "proof of concept" drought index for
seed production of the Mulato hybrids in two locations in NE Thailand, Ubon Ratchathani and
Mukdahan.
The CIAT team consulted with CIAT forage scientists as well as scientists in north Queensland,
Australia and Ubon Ratchathani University, Thailand. They estimated plausible genetic
coefficients for the Mulato hybrids and modified the DSSAT Brachiaria submodel to allow it to
simulate seed production. They showed that the approach is feasible and they produced
prototype indices which the CRMG are currently discussing with Papalotla, their agents and the
farmers in NE Thailand. Clearly the index will need further work to reflect more accurately
actual production of this completely new germaplasm for which virtually no documented data
previously existed. That CIAT was able to generate plausible weather indices in the absence of
data demonstrates the power and utility of the approach, which would not have been possible
with traditional methods.
Continuing Research Issues:
Estimating risk and premiums
For an insurance scheme to be appealing to both the insured and the insurer, basis risk (that is,
the error between the expected and actual risk) must be minimal. Basis risk can be estimated by
modeling yields under the various conditions for various sites. This will identify conditions
under which the basis risk is very high, and the refore require further investigation.
CIAT methodology is based on two tried-and-tested simulation models: CIAT's own MarkSim
weather generator, which interpolates between sites with actual meteorological data and the
DSSAT crop simulation models. Results indicate that drought risk varies widely between sites
(see Table 1 below for the case study of drybeans in Central America). Risks of drought and their
likely impact on yield therefore should be estimated locally to avoid setting the wrong premium.
Though we do not show it here, risk also varies with different soil types, so a range of soilspecific premiums could also be offered within each locality.
Updating premiums mid-season:
While it is easiest for insurers to offer contracts pre-season, farmers may want insurance midseason. This is feasible using statistical techniques, which update probabilities based on prior
events.
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Table 1.

Estimated probabilities of mild, moderate or severe rainfall
deficiencies for 3 locations in Honduras.

Location, altitude

Siguatepeque, 853m
El Paraiso, 792m
San Esteban, 761m

Risk: What % of years are droughts likely?
Mild
Moderate
Severe
73
22
0
93
54
7
100
95
39

Re-insurance
Insurance schemes require reinsurance to protect against the eventuality of an early extreme
event wiping out reserves. We are currently in discussion with the reinsurance industry to
explore possibilities together with alternative methods of spreading risks for events that are
known not to be correlated.
Practical Issues to be Resolved.
Determining farmers willingness to pay
The best theoretically designed schemes may fail if they are ill-suited to farmers needs.
Workshops and negotiation with farmer representatives would be required to establish pricing
mechanisms that seem reasonable to farmers yet provide a sound, sustainable basis for insurance.
Deciding where payment is due
The density of rainfall stations in developing countries is likely to be low. Suitable stations under
the control of independent third parties are essential for triggering payments. One possibility is a
network of tamper-proof weather stations, coupled with remote sensing.
Organizing premiums and payments
Networks of local organizations - NGOs, farmer community groups and local governments
should be involved from the start to ensure that any insurance scheme is workable, and that
premiums and payments will be administered transparently. Insurance could plausibly be linked
to micro credit. Offering insurance with credit offers mutual benefits, for examp le, many poor
farmers may not be able to pay for insurance up- front at the start of a growing season but
insurance could be included as a component of the credit.
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Information Management for Agricultural High Value Product Supply
Chains
Norbert Niederhauser, Thomas Oberthür
(In collaboration with colleagues of Intelligencia Coffees Chicago –G. Wattsand VIRMAX Bogotá –A. Cadena-)
Sources of funding: German Federal Ministry for Economic Cooperation BMZ
A major impediment to the development of agricultural production and the expansion of
distribution and marketing is the organization and dissemination of information. Access to
relevant information can aid farmers in improving their productivity and can help processors and
distributors to expand their trade networks, bringing improved products to the consumer.
Significant changes in the marketing of agricultural products concerning consumer health and
product differentiation are requiring new business models. For differentiated high- value, highquality products, the conventional spot- market business model is being replaced more and more
by different business models, where producers and buyers build up personal trade relationships.
These business models demand new means of communication, where close interaction between
the partners in the supply chain is possible. Information technology therefore plays an
increasingly important role in linking the members along the supply chain for a high-quality
product. Furthermore, the communication and information ma nagement approach presented here
plays a vital role in fostering the co- learning and business evolution of a value chain. This is
important in the light of dynamically changing preferences of consumers and market trends.

Figure 1. Farm map enables identification of management units
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Product tracking case study: The coffee product trackThe coffee product track runs from the field
where coffee is grown to consumers all over the world. The main product tracking nodes through
which coffee moves are:
??
??
??
??
??
??
??

Field (production)
Farm (harvesting and post harvest processing: de-pulping, washing, drying, cleaning)
Coffee cooperatives (further processing, sorting, quality check, peeling and others)
Exporters to importers (changing of ownership and transportation)
Roasters (roasting, blending, grinding)
Market
Consumer (general public or food industry)

Data that tracks the product and its processing should help both to identify quality in the
production process and produc t characteristics (e.g. flavor). This information can then be linked
to the end-point product through all levels of the product track. One means of doing this is a
system of tracking codes, described below.
Tracking code system
Farm-Code: [Example: F-B3A8 ]

??

Generated on farm registration (farm name, producer’s name, contact information,
location)
??
Enables links to general farm information (e.g. images and farm maps) in the database
Code users: All supply chain participants
Management-unit-code: [Example: M-78F6 ]
??
Generated on management-unit registration in the database.
??
Enables links to site- information in the database.
Code users: Producers, coffee cooperations
Harvest-code: [Example: H-10B0 ]
??
Generated on harvest registration in the database.
??
Links harvest date and management unit code.
Code users: Coffee cooperations, coffee quality laboratories, exporters, importers, roasters
Product-code: [Example: P-006F]
??
Generated by the roaster on registering the end-product in the database.
??
Links the different harvest-codes of one end-product.
Code users: Roasters, traders, consumers
Content management and security system
The CinfO data access model (see figure 3) provides a highly flexible structure for managing the
content of the database dynamically and sensitively tailored to the user’s demands. The data
stored in the central CinfO database is organized in a strictly hierarchical system of pages.
Different pages handle or represent information in different ways, but each page is linked to the
other pages by a defined set of protocols each termed a "use-case". The protocols for a use case
define the way a particular category of user can interact with the component pages. A central
user management system stores user data (e.g. username and password) as well as the user’s
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access rights. Every user is assigned one of several use-cases depending on his/her role (data
contribution and data demand) in the DAPA project.
This data access model is realized through CinfO’s three level security scheme dividing the
CinfO platform into public, private and administration areas. The public area gives unrestricted
(Internet-wide) access to general information about the DAPA project and presents the core
functionality of the entire platform using examp le data. The private area is password protected so
that only registered users can access these pages. Generally speaking, the private area provides
functionality to retrieve data from the system. The administration area is where data can be
entered and updated and allows direct access to query and retrieve raw data. This area is also
password protected so that only users with administration privileges are allowed to manipulate
the data.

Figure 2. Basic code system enabling product
tracking along the supply chain
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Figure 3. CinfO data access model
Data presentation
The representation of real world data in maps allows visualization of complex geo- graphical
patterns and trends. Digital mapping of the contents of a database therefore provides a powerful
way to allow users to interactively access, manipulate and better understand the information in
the database.
All information stored in the product tracking system is related to GIS data (geo-reference
coordinates given as longitude and latitude). This feature enables interactive mapping of product
and production data on digital maps on an online interface (Section 2, Figure 4).
A special interface enables the consumer to receive data on the origin of a particular lot of coffee
(Fig. 4 Section 1). For example (s)he may enter the product code shown on the coffee pack and
receive a map showing all farms and all farm-related information, where the particular lot of
coffee was produced. (Section 3, Figure 4)
Since the different nodes of coffee product track include locations in different parts of the world,
a multi-cultural approach is needed to present the data. One of the most important factor in this
respect is a multi- lingual portal allowing use of the interface internationally.
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Figure 4.

CinfO online map interface

Figure 5.

CinfO quality module.

Complex query module
To provide the user with a dynamic and powerful interface for retrieving data from the central
CinfO system the “Complex query module” was created. The user can first select a certain query
profile (= database view) and then elect as many restrictions as needed to receive the needed data
subset. The query profiles are tailored to the needs of different users with respect to restricted
data access for certain user-groups.The query output is shown on the screen but also available as
download file in different formats:
Each result set can be stored as a .dat file (readable and parseable by any spreadsheet program),
Where the output data includes geographic coordinates (latitude and longitude) the result set can
be also stored as shape file.
Another module was programmed to provide data in a special format for Expector – a software
program for statistical analyses.
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The next version of this module will enable basic visual data analyses. Data linked to geographic
coordinates can be queried and visualized via a map module. The analyst can see certain trends
with respect to external factors. For example coffee quality can be linked to spatial or
environmental factors.
Feedback model: Linking the farmer in
Due to the fact that coffee producers in developing countries are almost never directly connected
to information systems (e.g. the internet), new ways of interchanging data between farmers and
modern product supply chain information system have to be found.
An intelligent feedback system, for example, could provide the farmer with a quick overview
over the status of his production as it moves along the supply chain. Automated processes to do
complex data analyses, such as those involving forecast models, can produce easily
understandable and powerful reports presented in different manners. An example is shown in
Figure 6, where a farm map indicates the productivity status of different management units on a
farm.
The key to all these systems is to identify what data are needed by whom and how to transport
this information along the supply chain in the most efficient manner.

Figure 6. Aerial view image of farm management units and their rating in
production and quality.
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Jump-starting smallholder farmer participation in the marketplace: Adapting
legume forages for on-farm monogastric productionand the feed industry.
Abstract
A seed- grant proposal by CIAT, ILRI and IITA is described. A larger proposal for the
development of value chains (development, production and commercialization) of forage grain
and leaf meals for monogastrics is in preparation.
Institutions and personnel involved in the seed-grant
CIAT, ILRI, IITA, Universidad Nacional, Universidad del Cauca, Farmer Group Ondina,
FIDAR, Colombia; DICTA, SERTEDESO, Honduras; INTA, Nicaragua; The Danish Institute of
Agricultural Sciences (DIAS)/Royal Veterinary and Agricultural University (KVL), Denmark
Michael Peters, Douglas White, Carlos Lascano, Thomas Oberthür, Mark Lundy, Axel Schmidt,
Federico Holmann, (CIAT/ILRI)
B.B. Singh, IITA Nigeria
Luz Estella Munoz, Universidad Nacional de Colombia
Conrado Burgos, DICTA Honduras
Martin Mena, INTA Nicaragua
Marlen Iveth Posas, SERTEDESO, Honduras
Marino Valderrama, Farmer group Ondina, Colombia
Nelson Vivas, Universidad del Cauca, Colombia
Jose Re strepo, FIDAR, Colombia
José Adalberto Fernández, DIAS/KVL, Denmark
Introduction
People are demanding more animal products, especially in developing countries. The
consumption of meat in developing countries increased by 70 million metric tons from the early
1970s to the mid-1990s. This change is almost triple the increase in developed countries. The
$155 billion market value of this livestock revolution in the developing world was more than
twice that of cereals under the better-known “Green Revolution. ” Pork and poultry, rather than
beef, dominated these consumption changes. That is, monogastric animals accounted for 76% of
the meat consumption increase in developing countries between 1983 and 1997 (Delgado et al.,
1999, 2001, Bruinsma, 2003). Such production increases of poultry and pork require substantial
quantities of high-quality feed.
Smallholder farmers can benefit from the market opportunities arising from the livestock
revolution, but will require concerted research and development support. Larger-scale operations
are gaining a continuously rising market share given their competitive advantages in the face of
trade liberalization and superior market access (Kristensen et al., 2004). Smallholder animal
production and marketing, on the other hand, are restricted by numerous factors, including a
scarcity of high-quality feed. While purchased animal feeds could enable smallholder farmers to
expand production, funds are generally insufficient or feed at markets are too expensive, distant
or simply una vailable.
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Resource-poor families can take advantage of new market opportunities by raising pigs or
chickens, activities that require small initial investments. Such production of monogastrics is a
livelihood diversification strategy that can improve family nutrition and provide much needed
cash income (Upton 2004). Competitive smallholder participation in the livestock revolution,
however, will require coordinated research, policy and development efforts.
Outline of project
The purpose of the project is to improve the livelihoods of smallholder farmers by facilitating
their ability to produce and commercialize legume-based forages for monogastric animals. To
achieve this purpose, the following research objectives will be addressed:
To develop high-quality grain and forage legumes that enable resource-poor households to
increase production and improve nutritional quality of feed sources;
To target these legume crops to different agronomic niches (within farm and region);
To facilitate efforts by farmers, extensionists and researchers to adapt legume crops
To assist the development of small- scale enterprises that process and supply legume-based feed
according to the demands of distinct end-users in local and regional markets.
To link farmers with the feed industry in the production of legume grain and leaf meals to
incorporate in feed concentrates.
Demand for the proposed research draws from the reasons stated in the introduction section. An
evolving market for swine and poultry provides an enormous opportunity for enhancing income
generation of smallholders excluded from the livestock revolution (Delgado et al., 1999, 2001,
Bruinsma, 2003). Smallholder farmers can produce high quality forages to meet the feed
requirements associated with increasing demands for animal products. Both the grains and leaves
from a range of grain and forage legumes can be processed to meals used in feed rations that can
provide the protein, energy, minerals, vitamins and pigments required by animals. CIAT and its
partners are currently carrying out pilot studies in Colombia and Nicaragua on the feasibility of
the approach. Results are promising; and discussions with the feed industry have been initiated.
Potential end-users of smallholder legume-based feeds can be divided into three distinct
categories: 1) farmers producing feed for their own animals, 2) farmers with or without animals
who produce feed for sale to neighboring farmers or in local markets, and 3) the animal feed
industry.
Meeting these distinct demand opportunitie s will require adapting grain and forage legumes to:
(a) different biophysical conditions, and (b) farmer resource capacities and constraints (e.g.
available labor and capital). Identification is also required regarding (c) nutritional quality of
different legumes and utilization by swine and poultry. Finally, legume production may require
(d) special post-harvest processing and handling, (e.g. heating, drying), and (e) assistance in
commercialization (e.g. analysis of financial performance and market demands, training in agroenterprise management).
The project involves on-station strategic as well as applied research, both strongly interacting
through feedback loops that facilitate technology uptake by smallholders. Beneficiaries are
farmer groups in Colombia, Honduras and Nicaragua; small- scale farmer- led and larger
enterprises will benefit from local market and industry driven production. NARS, NGO, ARI and
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CG partners will benefit though co- learning and co-development of approaches and
technologies; and adoption by industry will have positive impacts on trade balances.
The work will be carried out in the sub- humid hillsides of Colombia, Honduras and Nicaragua.
CIAT and IITA offer legume technologies suited to these socio-economic and biophysical
environments.
CIAT and ILRI are part of a wide research and development network among farmer groups,
NGOs, NARS and ARIS. Contacts with industry is increasing and evolving. Through an
innovation-driven approach, separate phases of research and extension are not needed. Rather,
results will be directly tested and disseminated. Most on-station research will be conducted at the
Universidad Nacional and CIAT in Colombia.
Outputs
High-quality grain and forage legumes for different biophysical niches (within farm and region)
co-developed and adapted with farmers;
Participation by farmers, extensionists and researchers in adapting legume-based technologies
according to smallholder capabilities and resources facilitated;
Cost-effective feeding systems, processing and ha ndling of legume grain and leaf meals as
ingredients in feed concentrates co-developed with farmers, extensionists and industry;
Development of agro-enterprises that supply legume-based feed according to the demands of
distinct end- users in local, national and regional markets facilitated.
Research approach and indicative research activities
Co-develop and adapt pre-selected legumes to biophysical niches
Execute genotype x environement experiments (30 farms per country), defining optimal spatial
and temporal niches.
Establish semi-commercial plots (0.5 to 2.0 ha, 7 farms per country) to obtain data for economic
feasibility studies.
Adapt legume -based technologies to smallholder capabilities and resources.
Diagnose with farmers constraints and opportunities for smallholder production of swine and
poultry.
Facilitate on-farm experiments to assess grain and leaf meal production and utilization.
Estimate response of swine and poultry in controlled on- farm experiments with farmer
participation.
Determine the financial feasibility of production (considering, among others, labor peaks and
infrastructure needs) using partial budgeting procedures at farm level (Jarvis, 1986; Simpson,
1988).
Compare costs with commercially-available supplements.
Co-develop cost-effective feeding systems, processing and handling of legume meals for feed
concentrates
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Assess nutritional quality of legume feeds for monogastrics with farmers and industry using
animal liveweight gain as an indicator.
Identify priorities for in-depth studies using more sophisticated and expensive laboratory
analysis.
Determine needs for harvest and post harvest handling in terms of yield, leaf loss, sun-drying and
cutting requirements.
Identify infrastructure requirements (e.g. accessibility) and potential service providers (i.e.
commercial dryers, coffee processors).
Develop agro-enterprises to supply legume-based feed for different market niches
Determine the acceptability and utility of grain and legume leaf meals as perceived by
smallholders.
Assess quality and quantity requirements of local markets and the feed industry.
Identify processing (e.g. drying and milling, heat treatment), supply consistency, and
presentation (e.g. packaging) requirements.
Estimate purchase price thresholds (via data for imported feed, trade agreements, government
tariffs).
Diagnose business development needs with farmers (training, basic equipment, investments,
organizational structure, business plans, enterprise and quality management, and
commercialization).
Expected impact on beneficiaries
a)
In the three years of the project, at least 100 families will utilize forage legume-based
feeds for on- farm use, thereby improving food security and increasing income by 10%. At least
two farmer- led enterprises produce and market forage legume leaf and grain meals, increasing
income for 20 families by 20%. At least one agreement between farmers and the feed industry
established, involving 50 to 100 farmers producing 10t/month of grain and leaf meals to include
in feed rations. At least 2 high-quality forage legumes suitable for monogastric nutrition
identified. These short-term impacts achieved during the time of the project are expected to
trigger exponential adoption.
b)
Results and uptake in terms of area, number of farmers and income generation will be
closely monitored.
c)
Ex-ante financial feasibility analyses are carried for each of the three end-users: (i) onfarm use, (ii) small scale enterprises (iii) industry-driven production. Surveys to assess uptake
will be carried out at the end of the project.
d)
Environmental benefit can be realized through the appropriate intensification of
smallholder production systems, thereby liberating areas not suitable for agricultural production.
Scaling out strategy: CIAT and ILRI have developed a functional network in Honduras,
Nicaragua and Colombia with a wide range of partners, including NGOs, farmer associations and
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NARS. These channels will be employed for scaling results up and out. Further linkages will be
sought with the feed industry. Capacity building will be an integrated part of the research and
dissemination strategy. Provision of planting materials will be supported by farmer- led seed
enterprises now in place in Honduras (Hanson and Peters, 2003) and emerging in Nicaragua.
Extension publications and international publications will enhance dissemination of research
results.
Risks and assumptions associated with output delivery. The main risk associated with the
suggested research – and in particular for indus try-driven production of soybean and maize – are
volatile world market prices for feed ingredients. Though the results of a pilot feasibility study
carried out in Colombia were encouraging, we cannot foresee world grain and feed market
fluctuations, which in the end will determine the attractiveness of the feed products.
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Spatial trade-off analyses for site-sensitive development interventions in
upland systems of Southeast Asia
Douglas White, Maria Miguel Ribeiro, Viviana Gonzales, Mark Lundy, Thomas Oberthür, Keith
Fahrney, Michael Hauser, Ika Darnhofer, Tatiana Koukal and Werner Schneider
(In collaboration with colleagues of BOKU, Vienna)
Sources of funding: Austrian Finance Ministry
Upland environments and livelihoods in Southeast Asia are heterogeneous. In Laos, the varied
mountainous landscape is home to the poorest farming communities, which are also ethnically
diverse. Many development intervention strategies have been suggested to increase household
incomes and to reduce rural poverty. However, development policies and projects tend to be
insensitive to locality, often overlooking diversity in production environments, market contexts
and cultural groups.
Broad-based efforts are likely to benefit only certain areas and peoples while marginalizing
others. Hence, no single strategy can significantly improve the livelihoods of all upland dwellers.
A site-specific portfolio of options must be identified and implemented according to the
capacities of the production environment, people's interests and market demand. Figure 1
demonstrates the diversity of land uses in Oudomxay Province.

Figure 1. Landsat 2000 image of Oudomxay, 14- metre resolution.
Agricultural fields are colored in pink.
The objective of this research project is to enable rural dwellers to engage in effective market
activities while maintaining and enhancing the productive capacity of their lands. To achieve
this, the project comprises four inter-related components:
Collaborative action research with partners, e.g. government ministries, village communities, the
private sector, scientists and IFAD,
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Spatial analysis of natural resources, market access and livelihood strategies at the province
scale,
Participatory assessment of local livelihood and natural resource constraints and opportunities,
Supply chain analysis and local capacity building to link farmers to markets.
One important livelihood strategy of upland dwellers in northern Lao is non-timber forest
products (NTFP). These may include cardamom, orchids, paper mulberry bark, sapan incense or
mushrooms. The poorest households are especially dependent on NTFPs as source of food and
income. These products are collected on the fallow land that is owned by the Lao PDR
Government.
An associated research question is determining if NTFPs can generate sufficient earnings for
smallholders to transition into other livelihood activities such as livestock production.
Consequently, the project links with the Oudomxay Community Initiative Support Project
(OCISP) an eight-year integrated rural development project. 25 Since 2003, the Participatory
Research for Development in the Uplands project (PRDU) of CIAT has collaborated with the
OCISP effort.
Learning Alliances
A learning alliance is a process undertaken jointly by research, policy decision- makers and
development agencies. Participants are carefully selected to include all relevant stakeholders
(public, private and NGOs). Learning alliances involves an action research process that
comprises several cycles of planning, training, action and reflection.
The goal is to enable creative multi-stakeholder learning processes that strengthen local
capacities and improve performance in the field; good practices are shared, adapted, used and
innovated upon. Within the alliance information will be shared, the supply chain dynamics
studied and appropriate strategies identified.
Learning alliances benefit both development and research. While farmers will have better access
to markets, researchers, extensionists, development agencies and policy makers will understand
the conditions under which market integration may help or hurt the poor, as little is known about
how the vertical integration of supply chains influences the distribution of benefits.
A first workshop was convened in Oudomxay to initiate a learning alliance for market-chain
analyses. Building a learning alliance is a promising new approach to induce a group learning
process in the context of international development. It allows for diverse stakeholders26
representing different functions (e.g. public and private organizations) at different scales (local,
district, province, national and international) to interact, decide upon a strategy, and take
responsibility for implementing participatory action plans. Learning alliances typically tap into
existing organizational capacities and structures to address specific objectives.

25

The OCISP project is financed from three different sources: an IFAD loan project of 10.8 million SDR
(~US$15m), a grant of 1.7 million Euro from the Luxembourg government, US$1.7 million grant from the World
Food Program. The Austria-funded project contributes to the 5th component of OCISP effort (agriculture and
natural resources) by increasing awareness of alternatives to shifting cultivation and opium production and of ways
to improve farming systems and natural resources management for increased farm production and income. OCISP
is also interested in training extension staff in market assessment.
26
OCSIP staff; Laos government staff: provincial-level and district-level agriculture & forestry extensionists.
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Since agricultural and extractive forest activities form the basis of rural livelihoods in the
uplands, the learning alliance focuses on NTFPs within an established network of research and
development projects currently underway. Alliance establishment required careful preparation.
Foundational steps included: reviewing thematic and locally-relevant literature, meeting with
local projects managers, and interviewing key stakeholders. Results were summarized in a
Strengths, Weaknesses, Opportunities and Threats (SWOT) analysis of villages and their market
access. The institutional interactions and analysis confirmed that a strategy for NTFPs does not
exist at the provincial or district level despite NTFPs being an important source of income,
especially for the poorest subsistence farmers 27 .
The workshop participants agreed on the following objectives for the learning alliance:
To support and motivate market chain actors that produce, process and commercialize NTFPs,
To coordinate and provide the specific technical information that market chain actors need, and
To strengthen the capacity of local extension staff in examining market dynamics and provide
support farmers who supply NTFPs.
During the workshop, the criteria to select specific NTFPs were agreed upon, as well as the
responsibilities of each participant. To clarify objectives of the learning alliance, participants
identified their expected benefits and possible indicators of success of the learning alliance.
During the Learning Alliance workshop, participants also discussed and identified criteria used
to select participating villages. With the objective of comparing differences in local dynamics of
NTFPs markets and their influence on the livelihoods of upland dwellers, eight villages were
selected: Saluang, Sen Jot, GAA village, Mok Chong Noy, Huay Sang, Mang, Vang Ang, and
Chan Vang (see Figure 2). The villages were selected based on the following criteria:
Participation in the OCISP/IFAD loan project
Use of many types of NTFPs
Road access
Active participation / interest of villagers
Khumu ethnic group
Currently, each organization comprising the learning alliance is collecting basic information in
the eight selected villages to understand the constraints and potentials of NTFPs. All use the
same methodology and set of tools (livelihood analysis, market network analysis and in-depth
chain analysis) that were part of the training workshop. Trained local extension staff are
performing the field- level work with on-going support of researchers and province level
government officials. Another workshop is planned for February, 2006 with the participation of
all project scientists involved in organizational and livelihoods development.

27

NTFP sales account for more than a third of cash income in many villages.

212

Spatial analysis
The systematic organization of site-specific information on natural and socio-cultural resources
will enable communities and development practitioners to implement strategies that are
appropriate to local conditions for equitable and sustainable development. Spatial analysis
identifies suitability of heterogeneous land resources to livelihood strategies, such as gathering of
NTFPs.
Preparatory work for spatial analysis has included both methods refinement and testing.
Available LANDSAT satellite imagery of cloud- free time series images have been reviewed,
identified and acquired. The tracking approach of land uses, based on identification of first year
fallows, has been refined. These experiences are now being used to improve a manuscript for
publication that presents the method with data from another province of Northern Lao PDR.
Work has commenced on classifying fallow ages based on spectral reflectance.
A digital elevatio n model (Shuttle Radar Topography Mission- SRTM) with a resolution of 90
meters was used to estimate the altitudes village and create a topographic model of the region.
Summary information was produced for each village regarding slope, land use, and climate
variables. Since there are no weather stations in Oudomxay, the WorldClim database was used to
interpolate climate variables such as rain and temperature (maximum, minimum and mean) for
each of the selected villages. These and other activities in progress link with the livelihood and
market analyses.
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In field surveys, three different data sets of geo-referenced ground points will be acquired
(fallow age group, rubber plantations and rice fields). Auxiliary spatial information layers (with
topography descriptors, road systems, river systems, and climate surfaces) will be generated to
assist the classification, interpret productivity surfaces and analyze the opportunities for selected
market chains. This information will be used to conduct spatial analyses: (1) of rice yields and
vegetation vigour indices / age groups in order to obtain surrogate for system productivity, (2)
fallow age distribution in relation to potential and actual selected market supply chains and (3)
income generation by NTFP product.
Livelihood analysis
A livelihoods framework has been employed to analyse and interpret the initial results of the
learning alliance work. Participatory tools were tested in with the PRDU project and a
preliminary livelihood assessment is currently being conducted in the focus villages. The
analytical framework addresses issues of household resources (human, financial, social, physical
and natural) with special attention to food security and identifying feasible livelihood options.
Other data collected at village- level include information on agriculture, social economics,
marketing, health and water access, women’s issues, and education and literacy. To ensure a link
and relevance to CIAT activities, the research will also examine how NTFP production can
enable rural livelihoods transition (e.g. generate sufficient investment capital) into other
productive activities such as forage and livestock production.
The livelihoods analysis will: (1) produce a baseline assessment of upland dweller livelihoods
using ge nerated information of the project (e.g. focus group discussions, household interviews
differentiated by gender and wealth), and (2) enable cross-checking with the available
information provided by OCISP evaluation and monitoring database and interviews conducted
with key stakeholders of Oudomxay province.
Value chain analysis
Twenty-two extension staff in Oudomxay province were trained in market chain assessment and
participatory tools for livelihood assessments. The three-day workshop in September, 2005
included aspects of theory and practice in the field. Training materials were provided including
questionnaires and supporting documentation.
An initial assessment of NTFPs market networks commenced in November, 2005. The objective
is to collect relevant information about the main actors working in NTFP market chains. After
reviewing the results of this first assessment, additional stakeholders will be invited to participate
in the Learning Alliance.
The project hypothesizes that: (a) the systematic organization of site-specific information on
natural and socio-cultural resources will facilitate (b) effective project interventions and policy
analyses that, in turn, will (c) enable communities and development practitioners to implement
strategies that are appropriate to local conditions for equitable and sustainable development. By
doing so, the project approach supports the achievement of three UN Millennium Development
Goals (MDGs):
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Eradicate extreme poverty and hunger (MDG 1),
Ensure environmental sustainability (MDG 7),
Support the development of global partnerships for rural development (MDG 8).
The project is funded by the Austrian Federal Ministry of Finance and implemented with local
partners in Laos. BOKU is Austrian partner in association with the Research for Development
Forum (DEV-FORUM).
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THEME 4: BASE DATA
Theme 4. To provide high-resolution data about natural resources and enable their use; to
compile Information on crop performance and product quality under diverse conditions.
Output theme 4: Base-line data of land use, climate, poverty, terrain and other variables that
permit the description of the status of agricultural development in target eco-regions. Base- line
data of crop and cultivar performance and quality related to ecological conditions (in space and
time).
Background & Focus of theme 4: Data on topography, climate and soils. Special attention will be
given to two areas that have up to now been weak in this area: temporal variation in climate and
spatial soil and terrain varia tion at the micro level. Much attention has been paid to spatial
variation, whereas temporal variation, especially in climate, has not been considered to the same
extent. This balance will be redressed. While climate tends to vary continuously without abrupt
changes in space, soils and terrain can be highly heterogeneous over small distances. Research
will focus on the spatial variation in soils and how to quantify it. Data on crop performance and
product quality are essential for model development and calibration, for supply-chain
management and species mapping. We focus on data of high value crops.
Reporting 2005 under theme 4: The Annual Report 2005 provides information on:
Skeleton and CaNaSTA by O'Brien et al.
Data for CaNaSTA analysis by Collet
CIAT's data portal by Perea et al.
High resolution SRTM global topography data by Jarvis et al.
Daily rainfall data for the tropics from the TRMM sensor by Jarvis et al.
Environmental adaptation of medicinal plants in Cauca by Jarvis et al.
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Spatial decision support for tropical agriculture: Skeleton and CaNaSTA
Rachel O’Brien, Simon Cook, Michael Peters, Robert Corner and Robert Hijmans
(In collaboration with colleagues of CIAT Forages Project -M.Peters- of the Curtin University
Perth, of the University of Berkeley and CIAT Consultant J. Cock)
Abstract
The creation of the platform Skeleton on which to develop high- level GIS-based applications is
briefly described. Basic Skeleton functionality includes map navigation, map display and legend
functionality, shapefile viewing and querying and grid viewing and querying. In addition,
shapefile creation is supported as well as projections and grid algebra. Development of Skeleton
is continuing.
Based on Baynesian statistical theory the model Crop Niche Selection for Tropical Agriculture
(CaNaSTA) was developed within Skeleton. CaNaSTA is a method that provides information on
the occurrence of a spatially-distributed attribute. CaNaSTA can be used to analyze trial data,
spatial data and expert knowledge to provide maps, tables and graphs showing where selected
species can be expected to thrive. Preliminary analysis suggests that the model performs well
with sparse and biased datasets, in particular in situations where alternative models may not be
appropriate.
Introduction
Scientists working in agricultural research and development require tools and methods to support
and facilitate their research. Increasingly, this research has spatial dimensions, as data become
more accessible and researchers realise the potential of spatial analysis.
Although commercial Geographical Information Systems (GIS) can be customised and scripted
to perform specialised analysis, this is not a trivial task. Often a more attractive option is the
development of a tailor- made GIS-based software program, such as DIVA-GIS (Hijmans et al.,
2005) and FloraMap (Jones and Gladkov, 1999).
The Skeleton project was initiated to develop a generic GIS platform that can be extended with
customised modules aimed at specific spatial analysis tasks. One of the main modules developed
is CaNaSTA (Crop Niche Selection in Tropical Agriculture). CaNaSTA is a Bayesian
probability-based tool for selecting niche crops and analysing driving factors associated with
crop success.
Skeleton
Background
One of CIAT’s focuses is to develop generic software and other tools that enable rural
communities to ask questions and obtain relevant answers from the information and knowledge
available in agricultural knowledge systems. Within this context several researchers and research
groups found that they were developing similar routines and applications. Others were facing the
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problem of incompatibility of their developed application with others. A common skeleton (GIS
viewer) on which new applications can be based has the potential to minimize this duplication of
effort and greatly facilitate the efficient building of specific applications.
The skeleton common platform allows information systems to be built that share many routines
and tools. In addition, new or improved modules can be continually added to the common
platform. The information systems are designed to
Support rural communities in the pursuit of increased wealth and welfare through the practice of
commercial agriculture,
To assist those people and agencies dedicated to improving the livelihoods of rural communities
and
To support people and institutions involved in strategic and applied biodiversity and agricultural
research, and those interested in development.
The similarity of formats and procedures for the use of these information systems provides a
common environment, thus reducing learning time and encouraging rapid development and
adoption of the tools by application developers and users.
Implementation
The Skeleton GIS (O’Brien and Hijmans, 2005) (Figure 1) was developed and implemented
using Borland Delphi and Tatuk GIS Developer Kernel.
Basic Skeleton functionality includes map navigation, map display and legend functionality,
shapefile viewing and querying and grid viewing and querying. In addition, shapefile creation is
supported as well as projections and grid algebra. Development of Skeleton is continuing with
the addition of functionality to edit shapefiles, overlay vectors, import and export different
formats, and enhanced grid functionality.
Three applications, or modules, have been incorporated into Skeleton. A BIOCLIM (Busby,
1991) predictive niche modelling module was developed based on the niche modelling
applications available in DIVA-GIS (Hijmans et al., 2005). The second module is a cartogram
module, using an implementation of the Gastner-Newman diffusion technique (Gastner and
Newman, 2004). These two modules highlight the relative ease of incorporating existing
algorithms into the existing Skeleton framework
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Figure 1. Skeleton GIS screenshot

A third module to be developed within Skeleton is CaNaSTA (O’Brien, 2004). CaNaSTA was
originally developed as a stand-alone software program (O’Brien et al., 2002). The result was a
highly specialised program for targeting forages in Central America, with appropriate but limited
spatial functionality and extensibility. The CaNaSTA methods were therefore rewritten within
the Skeleton framework, producing a much more flexible program that can be applied to a
variety of spatial phenomena at a variety of scales.
CaNaSTA
Background
Farmers in the developing world frequently find themselves in uncertain and risky environments,
often having to make decisions based on very little information. Risks for smallholder farmers
are often critical because of their poverty. In addition, in the tropics and subtropics, the natural
environment is spatially and temporally variable and often harsh, thereby increasing uncertainty
faced by these farmers.
Methods are needed to identify suitable niches for specific crops in these uncertain
environments. In particular, crops about which little is known cannot be adequately modelled
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using traditional distribution modelling techniques. When identifying suitable niches for these
crops, it is also important to understand why these locations are selected.
CaNaSTA analyses trial data, spatial data and expert knowledge to provide maps, tables and
graphs showing where selected species can be expected to thrive.
Methods
The engine used to develop CaNaSTA is Bayesian probability modelling. Bayesian methods
provide a “formalism for reasoning under conditions of uncertainty, with degrees of belief coded
as numerical parameters, which are then combined according to rules of probability theory”
(Pearl, 1990). A simple Bayesian model defines prior and conditional probability distributions
and combines these to calculate posterior probabilities for each possible outcome. The
probability distributions may be derived from data, set by experts or defined from a combination
of data and expert opinion.
The CaNaSTA algorithm creates conditional probability tables of all predictor variable
categories against response variable categories. A ‘prior probability’ is an initial estimate that
may be modified once more information becomes available. If Y is a response variable, then the
prior probability of Y is denoted P(Y). ‘Joint probability’ refers to the probability of two events
occurring together, such as a species thriving in a location with certain biophysical conditions.
This is denoted by P(X, Y), where X is a predictor variable (e.g., “rainfall is low”) and Y is a
response variable (e.g. “species thrives”). ‘Conditional probability’ is the probability of a
response variable being in a given state, given that a predictor variable is a particular state, and is
denoted P(Y | X).
Conditional probability can be calculated from prior and joint probability:
P(Y | X ) ?

P(Y , X )
P( X )

Defining the model in terms of probabilities gives some measure of certainty. However, it would
also be useful to know something about the certainty of the probability distribution itself. In the
case where probability distributions are derived from frequency counts in a trials database, then a
certainty related to the probability distribution can be derived directly from the number of trials.
When probability distributions are elicited using expert knowledge, these measures can also be
applied, depending on how much certainty the expert associates with their judgement.
The posterior probability can be shown to be a function of prior probability and conditional
probabilities:
n
? P (Y | X i ) ?
P(Y | X 1 , X 2 ,..., X n ) ? P(Y )? ??
?
P(Y ) ??
i ?1 ?

The certainty associated with the posterior probability distribution is derived from the individual
certainty values for the conditional probability distributions. In this manner maps can be created
showing probability distributions and certainty values for a particular response over an area of
interest (Figure 2).
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Figure 2. Suitability and certainty maps for a given species
CaNaSTA also displays the information in graphs and tables, which can be manipulated by an
expert user to update probability distributions with expert knowledge (Figure 3).
In addition, sensitivity values are calculated. This estimates the amount of change in the response
when the predictors vary. For example a species with very specific niche requirements is likely
to be sensitive to variations in the predictor variables, whereas a widely adapted species is likely
to show low sensitivity.
There are various methods available to determine the sensitivity of the model to changes in states
of the predictor variables. ‘What-if’ analysis analyses the change in outcomes if the state of one
variable is changed (Dittmer and Jensen, 1997). Sensitivity analysis also indicates which
variables are important in a particular case.
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Figure 3. Graphs representing probability distributions in CaNaSTA

Once locations have been identified where a particular response is likely, further analysis can be
carried out to determine which predictor variables are important. These driving factors can either
positive or negative, and can help with the analysis of specific conditions required for niche
species or highly localised phenomena (Figure 4).
Species can also be compared for suitability at specific locations (Figure 5).
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Figure 4.

Driving factor analysis in CaNaSTA
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Figure 5.

Comparing species suitability for a selected location

Discussion
Both Skeleton and the applications built on Skeleton, such as CaNaSTA, are designed to be tools
used in collaboration with researchers and developers. As such, development of these tools
should be driven by researchers’ needs. The tools can also be customised to be suitable for other
users such as extension workers or farmers.
Skeleton
Skeleton is an ideal platform for applications such as CaNaSTA. Because basic GIS functionality
is already implemented, specific spatial models and algorithms can be added relatively easily.
The scope for creating new modules, functions and applications is immense.
CaNaSTA
CaNaSTA was initially developed as a tool to suggest niche forage species to smallholder
farmers in the tropics. Recently, it has also been applied to coffee quality analysis, cowpea
performance in tropical hillsides and carbon concentration in soils. The tool is proving useful for
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analysis of highly specialised or underutilised crops, or crops that have long growth periods,
where little trial data may be available and variables influencing crop response are often cropspecific.
Ongoing development and testing of CaNaSTA in these different applications is yielding data on
the accuracy and appropriateness of the model in various situations. Preliminary analysis
suggests that the model performs well with sparse and biased datasets, in particular in situations
where alternative models may not be appropriate. The tools for visualising data and driving
factors provide additional information. Further research is required on these features as the
model is further applied.
Conclusions
Purpose-built GIS models and can greatly facilitate targeted spatial analysis. The development of
Skeleton has allowed the relatively straightforward addition of modules such as BIOCLIM,
cartograms and CaNaSTA. CaNaSTA is proving applicable to a number of crops as well as other
spatial phenomena such as soils. Further research and development aims to provide further
analysis options for specialised crop response research, as well as the application of CaNaSTA to
other diverse spatial research problems.
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Preparation of evidence layers for CaNaSTA analysis
Laure Collet
(In collaboration with colleagues of the C. Sturt University Australia –R. O’Brien-)
Sources of funding: German Federal Ministry for Economic Cooperation BMZ
Abstract
Based on Bayesian statistics theory, CaNaSTA is a method that provides information on the
occurrence of a spatially-distributed attribute. It combines data from easily- measured factors,
called evidences, to produce maps of probability that an attribute, named the hypothesis, occurs.
Using environmental data as evidences, CaNaSTA analysis can forecast suitable sites to cultivate
a particular crop. It has been used in a case study to predict appropriate sites to produce highquality coffee.
To carry out CaNaSTA analyses, the input data must be in a special format of raster layers. It is
therefore necessary to prepare the input data in this form. This paper explains how to generate
evidence data for the particular case study of high-quality coffees and the different steps to
convert these data for CaNaSTA analysis.
Introduction
Crop Niche Selection for Tropical Agriculture (CaNaSTA) is a method of analysis that combines
diverse data maps and “expert” knowledge to provide information on the occurrence of a
spatially distributed attribute. It operates on the basis that the state of a particular property, which
may be difficult to measure directly, can be inferred from the state of other more easily
measurable entities and the knowledge of their interrelationships. It uses probability theory
(Bayesian statistics) to combine these disparate data sets and provide maps showing the
probability that an attribute occurs at specified levels. The attribute that is investigated is usually
called the hypothesis and the measurable entities are named evidence data.
CaNaSTA analysis can be used to predict suitable sites to plant a particular new crop or an
appropriate area for high quality product, such as elite coffees. In these cases, measurable entities
are environmental data that influence crop culture. In the case study described in this report, it
has been applied to predict appropriate sites to produce high quality coffees. In that objective ten
environmental factors were selected as evidence data (as defined above): average temperature,
annual precipitation, average diurnal temperature range, average dew point temperature,
orientation, elevation, solar radia tion, number of dry months per year, slope and type of soil.
To carry out CaNaSTA analysis, the input information must be in a special format of raster
layers. The methodology described below has been developed to prepare evidence data for a
CaNaSTA analysis in a case study of the Cauca department of southern Colombia.
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Table 1.

Factorcodes and their descriptions.

Factor
Annual average temperature 1
Annual precipitation
Annual average diurnal temperature range 1
Annual average dew point temperature 1
Aspect (orientation)
Elevation
Solar radiation
Number of dry months per year (less than 90 mm)
Slope
Type of soil
1

Code
avtemp
anprec
diurn
dewp
asp
srtm
radsol
drym
slope
soil

Temperatures are mapped in units of [°C * 10]

Data organization
Folder names: Data of environmental factors were organized by study geographic area; the
global folder was named with the precise name of the area. Inside the global folder, subfolders
were created for each step of the generation process and inside of these subfolders, files were
identified according to the type of factor (see File names below). Subfolder names were:
0_DATA: All environmental factors in raster format calculated and cut for the specified area.
1_REPROJECT: Raster maps of all factors represented in the same geographic coordinate
system
2_ASCII_FORMAT: Raster maps of all factors converted to ASCII format.
3_DIVA_FORMAT: Raster maps of all factors converted to DIVA format.
4_RESAMPLE: Raster maps of all factors in DIVA format resampled to have the same cell size
and cell position to make the cells from different map sources congruent.
File names: To uniquely identify files, each name had to contain information on the geographical
area being considered, the factor mapped and the step of the process. To that end, we used the
following code for file names: xxx_factorcode_#, where xxx is an abbreviation of the area,
factorcode is defined in Table 1 and # the number of the step according to the name of folders
explained above. These abbreviations also will be used in the rest of this document.
For example, the file of annual precipitation in Cauca department (Colombia) in Diva format is
named: cau_anprec_3.
Generation process (with ArcGis 9.0, DIVA GIS , CaNaSTA)
0_DATA
There are different processes to generate the factor maps according to the type of data, which
will be explained later. However, in all cases it was necessary select the geographical area of
interest within the different raster maps of the required factors, a process that we call "cutting".
The first step, then, was to generate a mask of the geographical area of interest, which is
subsequently used to cut the appropriate factor maps.
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Generate the area mask: First of all, the study area had to be identified within an existing shape
file. In Arcmap, we opened the shape file of Colombia and selected the study area using the
‘Select by Attribute’ option to create a layer from the selected feature (Figure 1). We converted
the shape file layer to coverage with the ‘Feature Class to Coverage’ process of ArcToolBox.

Figure 1. Selection of the study area from the original map to create a mask.

Figure 2. Raster mask of the study area.
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Figure 3. Extraction of the study area for elevation map in ArcInfo

Figure 4. UTM zones
For subsequent operations, a raster mask is also needed in addition to the coverage mask. To
convert the mask to raster, we used the process ‘Convert/Feature to Raster…’ of ArcMap. The
shape file was converted with a cell size of 90m, which is the smallest cell size of the different
maps of factors (Figure 2).
Generate topography maps of elevation, slope, aspect: First it was necessary to cut the selected
area of the digital elevation model (DEM), which represents terrain elevation in raster format.
We used the ArcInfo package, with the AML file ‘SRTM_extract_cov’ using the coverage mask
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obtained previously to cut the selected area for the DEM (Figure 3). AML is the native
programming language of the ArcInfo Workstation GIS software.
Next, from the DEM, which represents elevation; we derived slope and aspect. The cut map of
elevation was in the geographic coordinate system in which the units are degrees, minutes, and
seconds. To calculate slope (in degrees) and aspect required the measurements to be in metric
units. It was therefore necessary to convert from the geographic coordinate system to the
Universal Transverse Mercator (UTM ) projection. Projection processes were done in the
ArcToolbox. First, we used the ‘Define projection’ process to specify that the elevation cut map
was in geographic coordinate system. Second, we used the ‘Project Raster’ option to project it
into UTM according to the geographical zone (see Figure 4).
It was then possible to calculate slope and aspect with the ‘Spatial Analyst’ extension in
ArcMap. As with the elevation map, these two maps have a cell size of 90 m. This step produced
maps of the study area of elevation (in masl), slope (in degrees) and aspect (Figure 5).
Generate climate maps: Climate maps were generated from WorldClim maps (available on
http://www.worldclim.org/). WorldClim is a global database of climate variables in the form of
grid surfaces with a spatial resolution (cell size) of 1 km. The data layers were generated on 1
km2 resolution through interpolation of average monthly climate data from up to 46,000 weather
stations (Hijmans et al, 2004). Variables included are monthly total precipitation, and monthly
mean minimum and maximum temperature.
As described in the preceding section, it was first necessary to cut the original map to keep only
the selected area. This was done in ArcInfo, with the AML file ‘climate_extract’ using the raster
mask described above. The files of monthly precipitation, minimum, medium and maximum
temperatures were cut for the study area and used to generate maps of climatic factors defined as
evidence layers.
Annual precipitation: The map of annual precipitation was obtained by adding all monthly
precipitation maps in the ‘Raster Calculator’ of ArcMap.
Dry months: A dry month is defined as a month with less than 90mm of precipitation. To count
how many dry months there were per year, we selected, for each month of the year, those places
where the particular month counted as a dry month. We did this by creating new maps using
‘Raster Calculator’, to classify the area into pixels with less than 90 mm precipitation (value=1)
and pixels with more or equal than 90 mm (value=0) for each month. Then, by adding all the
maps for each month together we obtained the number of dry months per year (Figure 6).
Annual average temperature: To obtain annual average temperature, we divided the total of the
monthly mean temperature maps by 12 using the ‘Raster Calculator’ of ArcMap.
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a.

b.
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Figure 6. Map of dry months (less than 90 mm of rain) in the study area
temperature range: According to Jones et al. (2002), diurnal temperature range can be defined as
the difference between mean monthly maximum and mean monthly minimum temperatures. So,
it was possible to estimate the diurnal temperature range from WorldClim maps cut previously
for the study area. Thus, for each month, in ‘Raster Calculator’, we calculated the difference
between maximum and minimum temperature maps and then obtained the average per year.
Dew point temperature: Dew point temperature was estimated by the formula of Linacre (1977):
(T- Td) = 0.0023 h + 0.37 T + 0.53 R + 0.35 Rann - 10.9°C
where:
Td: Dew point temperature (average per month)
T: Mean temperature per month
h: Elevation
R: Diurnal temperature range (average per month)
Rann: Difference between the mean temperatures of the hottest and coldest months
This formula holds as long as:
Precipitation = 5mm per month and
T-Td = 4°C
Because all our maps of temperature were in units of [°C * 10], we recast the equation as:
Td=109-0.023 h+0.63 T-0.53 R-0.35 Rann (with Td, T and Rann in °C * 10)
(1)
We applied this formula applied to the WorldClim cut temperature and elevation maps as
follows:
The map for Rann was calculated with the "Raster Calculator" in 3 steps:
Generate a map of the maximum value of monthly temperature over the year
Generate a map of the minimum value of monthly temperature over the year
Subtract minimum over year from maximum over year
Then, we used formula (1) to calculate mean dew point for each month from which a yearly
mean was calculated.
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Figure 7. ASCII file of annual precipitations in the study area.
Solar radiation: Solar radiation was calculated in ArcInfo by the AML ‘shortwa vc’28
(documentation and download at
http://www.wsl.ch/staff/niklaus.zimmermann/programs/aml1_2.html). This is a routine to
calculate direct clear-sky short-wave radiation, originating from Kumar et al. (1997). From the
elevation map and central latitude reference, it calculates radiation flux for a given period for
specific times of day. We applied it for all 365 days of the year, for four times during each day.
The resulting map was in units of kJ/m2 /year. To convert the units to MJ/m2 /day, we divided the
map by 365*103 with the ‘Raster Calculator’ of ArcMap.
Generate soil maps: Soil information is very scarce with neither maps of physical nor chemical
characteristics available for most of the study area. We used the only soil map available, from the
Instituto Geográfico Agustin Codazzi ( IGAC, Colombia's national geographic institute), which
represents different soil types at a scale of 1:500 000. We converted the shape file of this map to
raster format and cut the study area.
1_REPROJECT

28

The last letter of the routine's name is "c" as written.
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Figure 8. Dew point temperature map in DIVA format for the study area
All the maps created in the previous step were in different projections or not projected, thus it
was necessary to convert it to a common referential system. We decided to work in a Geographic
Coordinate System, that is to say in Latitude and Longitude coordinates, with the datum WGS
1984. Thus, all the 10 maps of factors and the area raster mask were converted to this common
referential system.
2_ASCII_FORMAT
All maps generated in the previous step were converted to ASCII grid format. ASCII is an
acronym for the American Standard Code for Information Interchange. It is a code for
representing English characters as numbers, with each letter assigned a number from 0 to 127. In
GIS, it is a format recognized by many different programs; thus it allows interchange of a map
made in one program to another program for analysis or other manipulation. Figure 7 presents a
sample of annual precipitation data in ASCII format.
3_DIVA_FORMAT
From the ASCII format of the ten factor maps and the mask, it was possible to convert each to
DIVA format. DIVA-GIS is a free GIS software (downloaded from http://www.diva- gis.org/),
that can be used for many different purposes. It is particularly useful for mapping and analyzing
biodiversity data, such as the distribution of species, or other 'point-distribution' data. Opening
this software an ‘Import to Gridfile’ option is available to convert ASCII files to DIVA format.
This process was applied to the ten factor maps and the area mask (figure 8).
4_RESAMPLE
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CaNaSTA needs that all evidence layers used for the analysis to be with the same cell size and
cell location. Then, as maps were generated from different sources and methods, a resample
process had to be executed for all maps to make them uniform. Thus, the mask map was used as
reference to resample all factors map with a 3 arcsecond cell size (90 m).
Conclusions
The procedures outlined above provide the data needed to use in CaNaSTA to select sites to test
new crops or environments specially suited for high quality produce. For an example of an
application of the latter in this report, see the article by Läderach et al. in this report:
Relationships between environmental factors and coffee cup quality in selected growing regions
of Cauca, southern Colombia.
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CIAT’s Spatial Data Portal
Claudia Perea, Silvia Elena Castaño, Alexander Cuero, Elizabeth Barona,
Carlos Nagles, Glenn Hyman
Spatial analysis and geographic information science and technology have been key
methodologies for the Land Use project and for CIAT in general since the 1980’s. In the second
half of the 1990’s, the science and technology of geographic information systems (GIS) became
more oriented towards communication and information exchange, especially with the growth of
Internet map servers (IMS) and mechanisms to share data.
CIAT and partners in the CGIAR recognized an opportunity to improve our capacity in
geographic information science and technology by standardizing processes and employing
methods aimed at improving our capacities to share our spatial data with clients and to use
information developed by others. A proposal, co-authored by CIAT researchers, was funded by
the CGIAR Information and Communication Technologies and Knowledge Management
Program (ICT-KM). One component of the funded project was to support standardized
documentation and Internet-based cataloguing of spatial data.
One outcome of this project in CIAT has been the development of a spatial data portal (see
http://gisweb.ciat.cgiar.org:8080/geonetwork/). We built this portal using open source
Geonetwork software. Currently 268 digital maps are held in the CIAT catalog. Each of these
datasets has been documented using Federal Geographic Data Committee (FGDC) standards for
metadata documentation. The portal uses HTML to display XML metadata files for each digital
map. The portal uses clearinghouse standards so that spatial data search engines can query the
CIAT catalog. Our spatial data can be accessed through the CIAT site, but also through any other
spatial data search engine that complies with the same standards. The table below shows the
different types of data sets arranged thematically according to different type of software used in
the process of metadata creation, validation and publication:

DATA
THEME

METADATA

SOFTWARE
Creation

Creation

Validation

Publication

Honduras
Cabuyal
Indicadores
Agromap
Poverty
Mapping
SRTM_Col
Others

72
70
21
37

72
70
21
37

72
70
21
37

12

12

12

-

34
22

34
22

34
22

-

Total

268

268

268

93

175

Metalite

ArcCatalog

72

Validation
Mp

NPS

Publication

MPbatch

72
70

20
21
37

50

12

-

12

34
22

34
22

21
37

72

134

62

Clearinghouse

GeoNetwork

72
70
21
37

72
70
21
37

34

34
22

234

268

12

The InterMap feature of Geonetwork illustrates the potential of standards and protocols to
improve research and development in geographic information science and technology. InterMap
allows users to overlay different digital maps dynamically from Internet Map Servers (IMS)
anywhere in the world. Figure 1 shows a dynamic overlay of a soil map from an FAO server in
Rome and maps of the distribution of crops from CIAT’s server in Cali. Instead of holding our
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GIS data on individual personal computers, the Internet and all its connected computers becomes
a vast “hard drive” of spatial data. Spatial data clearinghouses, standardized metadata and
OpenGIS protocols drive this application. While slow Internet connections and limited computer
resources restrict the use of this application, the standards and protocols needed to develop
InterMap vastly improve efficiency in sharing and using spatial data.

Figure 1. Dynamic real-time overlay of soil and crop data from FAO and CIAT’s web
map servers.

237

Continued improvement and dissemination of high resolution SRTM global
topography data
Andy Jarvis, Edward Guevara and Silvia- Elena Castano
(In collaboration with colleagues of the Consortium for Spatial Information –CSI-,
King’s College London, Joint Research Council –JRC-)
Source of funding: Subsidised by commercial sale of data.
Partner institution: Consortium for Spatial Information (CSI).
Introduction
CIAT’s 90m high-resolution global topography dataset derived from the Shuttle Radar
Topographic Mission (SRTM) continues to be available for free download over the web. The
user-base has been broadening considerably, and the site is now recognized as the primary
source for SRTM data, with even NASA and the USGS linking to the site based at the
Consortium of Spatial Information (CSI) of the CGIAR (http://srtm.csi.cgiar.org).
Materials and methods
Version 3 of the SRTM data is currently being processed. The new version uses the 5,600 digital
elevation model (DEM) scenes derived from the Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) as co-variables to fill in the holes (gaps in the primary data).
High resolution DEMs acquired from national geographic institutes and other sources for some
15 countries are also used.
The hole-filling method has also been heavily revised through collaboration with terrain analysis
experts in the Joint Research Council (JRC) of the European Union. Different hole- filling
algorithms (spline, topogrid-based interpolation and topogrid interpolation with co-variable)
have been found to be more accurate depending on the size of the hole to be filled. These
methods have been included in a new highly-automated Arc Macro Language (AML) for
processing of Version 3 data.
Results and discussion
Over a one-year period, 1,900,000 hits were registered on the CSI site (nearly 5,000 per day).
Approximately 600 GB of data are downloaded each month, equivalent to 30 times the complete
global dataset. Many of these downloads are for topography data for tropical regions, from web
domains such as .edu and .org, indicating that the dataset is being used by universities and
organizations based on tropical countries. Commercial use of the data is being permitted for a
modest fee, with the proceeds being used to re- invest in Land-Use computing infrastructure and
staff time.
Processing is currenty underway on Version 3, which is scheduled for public release through the
CSI webpage in April, 2006.
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Heavy demand for the data download over the web has caused some problems of access to the
page, with users reporting slow download speeds and occasional inaccessibility of the webpage.
This has been temporarily resolved with a mirror site for download, with an alternative means of
searching for the data through Google Earth (http://www.ambiotek.com/srtm). Alternative web
hosting options are also being investigated in order to achieve long-term availability of the
dataset.
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Spatially-explicit daily rainfall data for the tropics – processing and testing of
satellite derived rainfall from the TRMM sensor
Andy Jarvis, Jorge Rubiano, Edward Guevara and Liliana Martinez Corrales
Source of funding : Subsidized by commercial sale of SRTM topography data
Introduction
The amount of water that arrives to the land surface through rainfall is a fundamental factor
explaining significant variability in crop performance (quality and quantity), species distribution
(wild and cultivated), and hydrological processes (from the plot to catchment to global scale). It
is therefore of great importance that researchers have access to accurate rainfall data to use as a
variable in simulation models or as a means of explaining field-based observations.
Whilst the deployment of rain gauges permits the measurement of rainfall at specific sites,
networks of meteorological stations can rarely capture complex spatial variability in rainfall
(especially in the convective systems predominant in the tropics). Furthermore, daily rainfall
data from meteorological stations in most tropical countries is either inaccessible or costly to
acquire. Alternatively, researchers can use spatially interpolted long-term averages of monthly
rainfall, such as Worldclim reported earlier in this report. However, for some applications,
averages are not sufficient, and greater temporal resolution is often required (especially in the
case of hydrological models).
Therefore, there is a significant demand for accurate, spatially-explicit daily rainfall data. One
potential source for these data is through satellite-derived rainfall measurement, now available
for the world through the Tropical Rainfall Measurement Mission (TRMM) satellite sensor.
TRMM uses radar bands to measure the volume of water in the atmosphere at twenty-three 1-km
vertical slices of the atmosphere. Whilst the vertical spectrum of water content is of great
importance to better understanding of atmospheric proceses, of most interest to agricultural and
natural resource scientists is the rainfall at the land-surface, provided by NASA as product 3B43
– precipitable water.
TRMM has been in service since 1998, providing large volumes of potentially useful data, yet its
adoption seems to have been less than expected. The objectives of this ongoing study are to
download, process and examine the accuracy of the data, keeping in mind its potential use in
hydrological modelling and in understanding site-specific variability in crop characteristics
(quantity and quality).
Materials and methods
Land surface precipitable water data from TRMM is available for the entire globe (50N – 50S)
every 3 hours, from 1998 to present (near real-time – data becomes available on the ftp site after
just eight hours). The spatial resolution of the data is 0.25 degrees (approximately 28km at the
equator).
These data are available for download from the NASA DAAC website
(http://disc.sci.gsfc.nasa.gov/data/datapool/TRMM/), in a specific HDF binary format. Some
18,000 different raster grids have been downloaded, and processed into ArcGrid formats,
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representing every 3-hour timeslice since 1998. Furthermore, AML scripts have been generated
to extract TRMM data for any single site.
To validate TRMM derived rainfall, we selected 46 meteorological stations distributed from
northern Peru to central Colombia with daily rainfall data available over a one year period.
Ground-derived measurements of rainfall were compared with satellite-derived rainfall both
between pixels (for distant stations) and within pixels (for stations close to each other) in order to
understand if the relatively coarse pixel resolution is an issue in terms of rainfall accuracy. For
each station, simple Pearson’s correlation coefficients and associated p-values are calculated.
Results and discussion
Analysis is still underway. Preliminary results indicate significant correlations between groundderived rainfall and TRMM derived rainfall for all but two of the stations studied. We found
better correlations in drier Peruvian sites compared with more humid mid-highland sites in
Ecuador and Colombia. Variability between stations occupying the same TRMM pixel was also
evident in the meteorological station data, indicating that the resolution of TRMM might prove
to be a limiting issue, especially in the Andes where rainfall and topography are spatially highly
variable.
Further validation is clearly required, both in terms of statistical analysis of existing daily station
data and further validation with 25 manual precipitation gauges, which have been deployed in
sites for evaluation of medicinal plants in Cauca department, Colombia. These data will be used
to evaluate further the use of TRMM in understanding variability in plant growth. We shall also
determine the relevance of the differences between ground-derived and satellite-derived
measurements of rainfall. We hope that TRMM will provide sufficient accuracy in rainfall
measurement for wider adoption in hydrological modelling and agricultural research. If so, the
data will be made available through a similar easy-to-use web-based mechanism such as the
SRTM data portal (http://srtm.csi.cgiar.org).
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Evaluation of environmental adaptation of medicinal plants in Cauca:
Development of an evaluation protocol for poorly-known species
Andy Jarvis, Hector-Julio Rodriguez, Adriana Arcos, Nelson Melo, Carlos Nagles
(In collaboration with colleagues of the Fundcofan, Instituto Alexander von Humdoldt,
Fundación para el Desarrollo Comunitario –CISEC-, Asociación de Productores de Plantas
Aromáticas, Medicinales y Condimentarias – ASOMURIPIK, Asociación de Productores
Orgánicos del Cauca –ORGANICA and Organización Para el Desarrollo Rural Integrado –
ODRI)
Sources of funding : German Federal Ministry for Economic Cooperation BMZ.
Partners: Fundacofan, Instituto Alexander von Humboldt, Fundación para el Desarrollo
Comunitario - CISEC, Asociación de Productores de Plantas Aromáticas, Medicinales y
Condimentarias - ASOMURIPIK, Asociación de Productores Orgánicos del Cauca ORGÁNICA, Organización para el Desarrollo Rural Integrado – ODRI
Introduction
This study, currently in progress, seeks to develop a rapid evaluation technique for understanding
the environmental adaptation of poorly-known species/crops. It also seeks to couple this
knowledge with readily- available spatial climatic data in order to identify regions where the
crops will grow well. Three medicinal plants are being used in this case study.
Components of the study are:
Evaluation of species performance in small-scale field plots,
Laboratory analyses of active- ingredient concentration and quality,
Statistical modeling of environmental adaptation, in terms of biomass production and
active- ingredient content,
Market analyses and value chain research to assess potential demand for species, and
Prediction of zones where the species will grow well.
Materials and methods
Through expert consultations, a preliminary list of 12 potentially- important species for Colombia
was identified. This list was subsequently reduced to three species, Lippia alba (pronto alivio,
its local name in Spanish), Lippia origanoides (oregano de monte), and Justicia pectoralis
(amansa toros or amasa guapos). All three of these local wild species are used to produce
essential oils for the natural pharmaceutical market.
Both Lippia species have substantial within-species diversity, exhibited in quimiotypes, that is,
plants whose extracted essential oils have distinctly different odours. Hence, we chose three
quimiotypes of L. alba and two quimiotypes of L. origanoides in addition to one example of J.
pectoralis. In all cases vegetative planting materials came from single plants in the
FUNDACOFAN medicinal plant genebank based in Cali, Colombia. Species were originally
collected in the dry Patia valley region of Cauca department.
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Twenty-three farms, widely distributed throughout the Cauca department, were selected as
evaluation sites. They lie broadly in fo ur regions: Santander de Quilichao, Totoro, Popayan and
Timbio/Tambo. The farms cover an altitudinal range from 1000m to 3200m, have soils from
highly acid to neutral, and annual rainfall varies from 1400mm to 3400mm.
At each site, 11 plantlets of each species/quimiotype were planted in small plots in native soil,
and two plantlets were planted in a mollisol control soil (from CIAT) in plastic bags.
Additionally, 2 plantlets were planted in a greenhouse at CIAT in potted native soil from each of
the sites as a counter control. This methodology should aid in separating the complex
interactions between plant performance, climate and soil.
Results and Discussion
The experiment is currently underway in the field and greenhouse. Preliminary results indicate
some interesting patterns in plant performance. Contrary to expectations, the plants are growing
well in high altitudes (up to 2,300m), and there are some indications of high demand for
phosphorus. However, the experiment has only recently been initiated so only these preliminary
phenological observations are available.
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VERY HIGH RESOLUTION INTERPOLATED CLIMATE SURFACES FOR
GLOBAL LAND AREAS
ROBERT J. HIJMANS,a,* SUSAN E. CAMERON,a,b JUAN L. PARRA,a PETER G. JONESc
and ANDY JARVISc,d
a Museum of Vertebrate Zoology, University of California, 3101 Valley Life Sciences Building,
Berkeley, CA, USA
b Department of Environmental Science and Policy, University of California, Davis, CA, USA;
and Rainforest Cooperative Research
Centre, University of Queensland, Australia
c International Center for Tropical Agriculture, Cali, Colombia
d International Plant Genetic Resources Institute, Cali, Colombia
Abstract
We developed interpolated climate surfaces for global land areas (excluding Antarctica) at a
spatial resolution of 30 arc s (often referred to as 1-km spatial resolution). The climate elements
considered were monthly precipitation and mean, minimum, and maximum temperature. Input
data were gathered from a variety of sources and, where possible, were restricted to records from
the 1950–2000 period. We used the thin-plate smoothing spline algorithm implemented in the
ANUSPLIN package for interpolation, using latitude, longitude, and elevation as independent
variables. We quantified uncertainty arising from the input data and the interpolation by mapping
weather station density, elevation bias in the weather stations, and elevation variation within grid
cells and through data partitioning and cross validation. Elevation bias tended to be negative
(stations lo wer than expected) at high latitudes but positive in the tropics. Uncertainty is highest
in mountainous and in poorly sampled areas. Data partitioning showed high uncertainty of the
surfaces on isolated islands, e.g. in the Pacific. Aggregating the elevation and climate data to 10
arc min resolution showed an enormous variation within grid cells, illustrating the value of highresolution surfaces. A comparison with an existing data set at 10 arc min resolution showed
overall agreement, but with significant variation in some regions. A comparison with two highresolution data sets for the United States also identified areas with large local differences,
particularly in mountainous areas. Compared to previous global climatologies, ours has the
following advant ages: the data are at a higher spatial resolution (400 times greater or more);
more weather station records were used; improved elevation data were used; and more
information about spatial patterns of uncertainty in the data is available. Owing to the overall low
density of available climate stations, our surfaces do not capture of all variation that may occur at
a resolution of 1 km, particularly of precipitation in mountainous areas. In future work, such
variation might be captured through knowledgebased methods and inclusion of additional covariates, particularly layers obtained through remote sensing. Copyright 2005 Royal
Meteorological Society.
Keywords : ANUSPLIN; climate; error; GIS; interpolation; temperature; precipitation;
uncertainty
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