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Executive summary

The Sustainable Agriculture and Natural Resource Management Collaborative Research Support Program
(SANREM CRSP) promotes stakeholder empowerment and improved livelihoods through the discovery,
organization, and dissemination of sustainable agriculture (SA) and natural resource management (NRM)
knowledge. The systems-based approach is participatory, engaging stakeholders at all levelsin research
problem formulation within priority areas of inquiry, focusing on multiple countries and/or regionsto
facilitate scaling research findings up and out. Gender sensitivity isintegral to the SANREM CRSP
approach and reinforced by gender-sensitive participant training programs that include degree and non-
degree plans. All activitieslink SA and NRM with the economic concerns of local populations and the
promotion of good governance. This annual report covers SANREM CRSP Phase |11 findings and
accomplishments from October 1, 2008 through September 30, 2009.

Program objectives

The objectives of the SANREM CRSP are to:

e increase scientific knowledge and technical innovationsin SA and NRM,

¢ improve knowledge management, education, and communication leading to behavioral changes
in adaptation and adoption of new SA and NRM technologies and practices,

e reform and strengthen SA and NRM governance, policies, and local ingtitutions, and

e promote the functioning of sustainable resource-based local enterprisesin national, regional, and
global markets.

Knowledge dissemination

SANREM CRSP training, publications, and other knowledge dissemination productsin Fiscal Y ear 2009
(FY2009) include the following. Additional details on SANREM CRSP knowledge products are provided
in B. SANREM CRSP Publications, Presentations and Other Products

66 long-term degree students (32 women and 34 men)
28,474 short-term training participants (including 14,137 women)
14 refereed journal articles

3 books

16 book chapters

10 theses

12 extension publications

8 working papers

4 websites

17 papers presented

52 electronic presentations

5 newsdletters

16 reports

17 posters

5 abstracts
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Long-term Research Award activities

The five Long-term Research Award (LTRA) activities were active during FY 2009 and near completion.
The U.S. and host country researchers, development agents, local officials, and community membersin
their respective sites have achieved their expected results. Highlights from each project are summarized
below, and full reports compose the core of this report.

LTRA-1: Decentralization Reforms and Property Rights: Potentials
and Puzzles for Forest Sustainability and Livelihoods

Principal investigator: Elinor Ostrom, Arthur F. Bentley Professor of Political Science, Indiana
University; and 2009 Nobel Laureate in Economics

Host countries: Bolivia, Kenya, Mexico, Uganda

This research analyzes the effects of forest decentralization on forest sustainability and livelihoods from a
local community perspective. Researchers investigated the ways in which property rights regimes and
related local institutional arrangements may be altered by the changesin public policy at the national
level. Specific objectivesinclude:

o Objective 1. Develop capacity within resource user groups at the selected forest sites to enable
differentiated actors (particularly women, the poor, and other marginalized groups) to identify,
understand, and participate in forest governance, benefits, and policy processes.

e Objective 2. Develop capacity within key organizations (especially government agencies and
non-governmental organizations) in the forestry sector to understand the impacts of policies on
differentiated local actors and to adopt strategies for inclusion of such actors within broader
policy processes.

e Objective 3. Develop effective monitoring technigques for use by resource user groups and their
partners (including NGOs and local-level agencies) at the community level to assess the impacts
of decentralization and other property rights reforms on natural resources (including biodiversity)
and livelihoods.

Project highlights

e Decentralization was associated with increased forest investment (e.g., tree planting) in Mexico,
Uganda, and Balivia.

e Forest investment dropped significantly in Kenya after decentralization, aresult not predicted.
This may be the result of new reforms, which users perceive as ingtitutional instability and users
may require time to adapt to the new institutional environment.

e Loca-level rule making was expected to increasein al countries as aresult of decentralization;
however, significant changes occurred only in Uganda.

e Theeffect of decentralization on wealth inequality varies. In Mexico, there was a strong
correlation between decentralization and a more equal distribution of wealth. In Uganda, wealth
inequality increased significantly following decentralization.

e The effects of decentralization on forest conditions/quality varied. The effects on forest
conditions in Mexico were positive and very large. In Bolivia, Kenya, and Uganda,
decentralization had little effect on forest conditions compared with similar forestsin the region.

SANREM CRSP FY 2009 Annual Report 2



e Expectationsrelated to natural resource decentralization should be adjusted to the context of the
types of decentralization reforms being implemented and the country within which they are
implemented.

e Decentralization includes awide variety of concepts that should be explicitly defined when
discussing any potential impacts.

LTRA-2: Developing a Participatory Socioeconomic Model for Food
Security, Improved Rural Livelihoods, Watershed Management, and
Biodiversity Conservation in Southern Africa

Principle investigator: Alex Travis, Associate Professor of Reproductive Biology, Cornell
University

Host country: Zambia

The goal of this project was to test and optimize a“third generation” biodiversity conservation model that
uses markets to link improvementsin rural livelihoods and food security with biodiversity conservation
objectives. The Community Markets for Conservation (COMACO) model endeavorsto operate on a
triple bottom line of being economically, socially, and environmentally sustainable. SANREM CRSP
research eval uated specific hypotheses that stemmed from the model and defined the sets of conditions
under which the model can operate so that it could potentially be replicated elsewhere. The specific
research objectives were:

e Objective 1. Determine the extent to which the COMACO model can be economically self-
sustaining and the effectiveness of the different COMACO model components.

e Objective 2. Identify and integrate new technologies into the COMACO model to improveits
profitability, food security, and rural incomes.

e Objective 3. Determine the extent to which the COMACO model provides self-sustaining social
institutions and meaningful roles for COMACO participants.

e Objective 4. Determine the extent to which the COMACO model improves biodiversity and
watershed conservation.

Project highlights

e Eveninremoteareas, it is possible to improve food safety and quality control and assurance
practices to alevel suitable for Hazard Analysis and Critical Control Points (HACCP)
certification. Improvementsin COMACO ' sfacilities and staff allowed for HACCP certification,
which resulted in business partnerships with the World Food Program, Catholic Relief Services,
and General Mills, and helped increase sales to local hospitals and schools.

e Financia analysis of COMACO' s operations identified profit and loss centers, which when
addressed moved the cooperative toward fiscal self-sustainability and assisted in the planning and
development of new Community Trading Centres (CTCs) in Zambia and Malawi.

e Research, promotion, and success of conservation farming techniques on COMACO participant
farms increased adoption of these technigues on non-COMACO farms.

e Establishment of broadband satellite-based internet access at two locations improved
communication between COMACO CTCs and enabled collaborative consultation and diagnosis
of zoonoses by veterinary technicians in Zambia and veterinary scientists at Cornell University.

e SANREM CRSP research developed and improved value-added products distributed by
COMACO, reducing raw material waste, improving product safety and quality, extending shelf
life, and increasing profits.

SANREM CRSP FY 2009 Annual Report 3



Wildlife census data showed that the COMACO model is stabilizing wildlife populationsin the
COMACO core area, due to decreased hunting pressure resulting from improved food security
and livelihoods through the COMACO enterprises and extension activities.

LTRA-3: Watershed-based Natural Resource Management in Small-
scale Agriculture: Sloped Areas of the Andean Region

Principal investigator: Jeffrey Alwang, Professor of Agricultural and Applied Economics, Virginia

Tech

Host countries: Bolivia, Ecuador

The project successfully engaged local decision makersin an adaptive watershed management processin
Guaranda, Bolivar Province, Ecuador and Tirague, Cochabamba Province, Bolivia. Thisimpact is
manifest in locally developed and approved plans for sustainable watershed management in two of the
three study watersheds. The project has four main objectives.

Objective 1. Identify economic, social, political, and environmental conditions in the watersheds
and understand the determinants of these conditions.

Objective 2. Generate and validate environmentally sustainable alternatives in order to improve
production systems and enhance income generation.

Objective 3. Create a means of evaluating the impacts of aternative actions, policies, and
interventions on income generation, and social and environmental conditions.

Objective 4. Build local capacity to evaluate policy aternatives, make and enforce decisions, and
strengthen social capital.

Project highlights

Stakeholder participation in research, modeling and planning activities increased community
acceptance and adoption of findings, as well asincreased available labor and trust in the
extension technicians.

In Ecuador, soil loss from erosion was quantified and found to be extensive in the lower regions
of the watershed. Research identified cost-effective and locally acceptable soil erosion
management techniques, including grass strips and deviation ditches, are currently being
implemented.

A number of crops and production practices of existing crops favorable in terms of income
generation and lowering environmental impact were identified. For example, grass strips between
potato fieldsto provide fodder for cattle and reduce soil delivery to streams, and adjusted
fertilizer applications.

Revenue loss associated with soil erosion was estimated to be approximately $346.50 and
$2,851.72 (USD) per hectare, depending on the product, over a 10-year planning horizon.
Nitrogen was the limiting soil nutrient in both Ecuador and Bolivia. Other soil nutrients were
adequate.

Low-cost biocontrol techniques were devel oped and found to be effective for pathogens affecting
cropsin Ecuador and Bolivia. Production of some of these biocontrolsisfeasible locally.
Participatory watershed planning activities were established in both countries and watershed
plans facilitating local land use are now being implemented.

Reforestation with native species was successful in the Ecuador watershed.

SANREM CRSP FY 2009 Annual Report 4



Accessto land, water resources, markets, and higher educational attainment were all found to
affect the choice of livelihood.

LTRA-4: Adapting to Change in the Andean Highlands: Practices and
Strategies to Address Climate and Market Risks in Vulnerable Agro-
ecosystems

Principle investigator: Corinne Vadivia, Associate Professor of Agricultural Economics, University
of Missouri

Host countries: Bolivia, Peru

The overall goa of this project isto evaluate and improve the adaptive capacity and capabilities of rural
communities in Andean highland (Altiplano) ecosystems of Boliviaand Peru to climate and market
change, driversthat affect agricultural production, food security and the sustainability of natural
resources. Specific objectives included:

Objective 1. Characterize the dynamics of Altiplano agro-ecosystems at various scales to
understand the impact of climate and markets as drivers of change, and develop a shared
understanding.

Objective 2. Identify local knowledge and perceptions about production systems, landscape, and
risks to assess the effect of climate and market change on livelihoods.

Objective 3. Develop practices and information strategies (networks to access new information)
to address changing conditions and perceived risks in soils, climate, pests and diseases,
landscapes, and livelihoods.

Objective 4. Develop market access strategies and institutions that contribute to resilience.
Objective 5. Develop stakeholders' capacities and capabilities—ability to act—to reduce
vulnerability and increase adaptation in the face of changing market and climate conditions.

Project highlights

Active participation of all stakeholdersis required to ensure that collected information is
trustworthy and valid.

Recognition and respect of local knowledge increased the level of trust between community
members and technicians.

The participatory capacity building process, aside from generating knowledge and bringing
existing knowledge to the surface, strengthens community organization and the capacity to learn.
Understanding the long-term observations/perceptions of community members regarding soil
guality is essential for evaluating alternative sustainable agricultural practices.

Organic and inorganic soil amendments for potato and subsequent quinoa production
significantly increased crop yields.

Sail organic matter significantly increased and soil bulk density lowered with additions of organic
amendments (compost, peat moss, and acommercia microbial activator).

Soil water holding capacity was increased with organic amendments, which may be important for
sustainable crop production as climate change proceeds.

The process of knowledge sharing and collaborative engagement of stakeholders strengthened
human capital with respect to knowledge of markets, sustainable agriculture production and
climate change risk management.

SANREM CRSP FY 2009 Annual Report 5



LTRA-5: Agroforestry and Sustainable Vegetable Production in
Southeast Asian Watersheds

Principle investigator: Manuel Reyes, Professor of Natural Resources & Environmental Design,
North Carolina Agricultural and Technical State University

Host countries: Philippines, Vietnam, Indonesia

Communities in many forest and vegetable-producing watersheds in Southeast Asia are suffering from
poverty and degradation of forest, soil, and water resources. The overall hypothesis of thisresearchis:
“Integrating vegetable production in tree systems and treesin vegetable production systems will alleviate
poverty and will enhance environmental protection, ecosystem diversity, and sustainability on small farms
in Southeast Asia.” Thisresearch is being conducted by the TMPEGS research group, which derivesits
name from its objectives:

e Objective 1. Technology: develop economically viable and ecologically sound Vegetable
Agroforestry (VAF) systems.

e Objective 2. Markets: develop a market value chain at the local, regional, and national levels that
builds on existing marketing strategies.

e Objective 3. Policy: (1) identify policy options and institutional frameworks that promote
sustainability of VAF production and reward environmental services, and (2) develop and test an
incentive-based policy option and institutional framework for promoting VAF system particularly
in the Philippines.

e Objective 4. Environmental and socioeconomic impacts: assess the short- and long-term
environmental and socioeconomic impacts for farm families who adopt integrated VAF systems.

e Objective 5. Gender: provide mechanisms to ensure women's involvement in decision making,
and sustainable production and marketing practices to improve their socioeconomic wellbeing
within the VAF system.

e Objective 6. Scaling-Up: build host-country capacity to manage and disseminate integrated VAF.

The predominant agroecosystem at the Vietnam site is cashew-tree based. At the Indonesiasiteitisa
multistory home garden system consisting of fruit and timber trees, annual rice and vegetable crops. In the
Philippines an intensive vegetable-based system predominates.

Project highlights

e Yieldsfor some vegetables are higher in agroforestry systems than in open field conditions.

e Cashew yield increased when vegetables were planted between the trees.

¢ Thelnternational Development Enterprise (IDE) low-cost drip irrigation system is redesigning its
drip irrigation kits to achieve better water application uniformity on steep slopes.

e Government policiesrelated to VAF tended to benefit rich farmers more than poor farmers and
changes are needed in VAF policies to address this bias.

¢ Women farmers were found to undertake marketing activities and seek to improve their economic
status for the sake of family, especially children’s welfare more so than men.

e Market-oriented socia networks enable and facilitate women farmers' marketing of agricultural
products from family farms.

e InVietnam, cacao establishment and yields were significantly higher when cacao seedlings were
planted under mature cashew trees.

e  Optimum fertilizer application rates and crop production guidelines were developed for
marketable commercial and indigenous vegetablesin Indonesia.

SANREM CRSP FY 2009 Annual Report 6



e Strains of tomato that are resistant to leaf curl virus were identified in the Philippines.

e Lack of accessto current information, inability to control pricing, high transport cost, and poor
post-harvest handling were identified as major marketing constraints for vegetables.

e Policymakersin the Philippines realized their limited response in terms of policy support to small
farmers and saw the need for local policies to be appropriately tailored to the needs of local
people, as well asthe need to align policy initiatives with short- and long-term development
outcomes.

e Theviability of VAF in Vietnam is constrained by farmers’ inability to invest in the system,
inadequate institutional structures for facilitating information flow, and lack of market incentives.
Targeted policy incentives are needed if small-scale farmers areto invest in VAF.

e The Soil Water Assessment Tool (SWAT) model was found to be useful for evaluating the
impact of alternative land management changes in the Philippines, Indonesia, and Vietnam.

¢ Integrated pest management in cashew-based VAF production increase agricultural profitability
and decreased farmers' health costs.

e A marketing and production system for katuk, a highly nutritious indigenous vegetabl e that
produces year round, was developed and adopted by women’ s groups in Indonesia.

Cross-cutting research activities

Five cross-cutting research projects were initiated in 2008 to assess research finding across projects. The
objectives and key findings and accomplishments of these projects are presented below.

Gendered Access to Markets: Gendered Networks and Livelihood
Alternatives

Principle investigator: Maria Elisa Christie, Program Director Women in International
Development, Virginia Tech

Participating countries: Zambia, Peru, Bolivia, Ecuador, Philippines, Vietham, Indonesia

As markets emerge and change, producers group together to improve their access to resources and support
sustainable livelihoods. This project compares how gendered networks and coalitions affect the ability of
groups to access and control natural resources and to access appropriate markets that capture value for
their agricultural products. It providesinsight into how farmers manage resources and link to markets,
what types of network characteristics contribute to securing sustainable livelihoods, and under what
conditions these characteristic are most effective. In doing so, it brings to light opportunities to benefit
women during current and future phases of the SANREM CRSP. The cross-cutting approach operatesin
different social and geographic contexts, providing opportunities for collaborative and comparative efforts
that build on existing research in four LTRAS. Project objectives were:

o Objective 1. Increase women's awareness of markets and accessto quality information.

o Objective 2. Identify gapsin networks and implications of findings to empower women to better
access markets and increase bargaining power.

e Objective 3. Increase bargaining power through participatory research methodologies that affect
social, human, and political capitals or assets.

e Objective 4. Recommend interventions to NGOs, government and researchers to empower
women through training and reorientation of production and marketing initiatives.
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Key findings and accomplishments included:

e Inboth urban and rural marketsin Bolivia, most intermediaries and farmers at al levels are
women.

e In Zambia, the main determinant of women's market accesslies in the trade of crops for which
they have control aswell as the structure of the broader market; improving women’s wellbeing
requires investment in crops for which women have control.

e InVietnam, Philippines, and Indonesia, the gender analysis hel ped women organize into formal
networks (women farmer groups) to obtain the support of men to be actively involved in
vegetabl e production and marketing.

e InBoliviaand Peru, strategic aliances were formed between women' s groups and market-based
institutions to address the gap in networks and build social and political capital to empower
women to gain access to markets.

Metagenomics for the Analysis of Soil Microbial Communities and
Soil Quality

Principal investigator: Karen Garrett, Associate Professor of Plant Pathology, Kansas State
University

Host countries: Bolivia, Zambia

Soil degradation is one of the most important problems for sustainable agriculture worldwide. SANREM
CRSP provides aunique social science context for studying human impacts on soil degradation. Using
soil metagenomics, this project aims to identify indicators of soil degradation in tropical soils, a group of
soilswith limited existing data. Soil metagenomicsis used to develop methods which foster disease-
suppressive soils and soil communities that optimize for other microbes contributing to plant health and
productivity, such as mycorrhizal fungi and rhizobia. The soil metagenomics cross-cutting project began
in 2008 and will continue through 2010. Objectives are:

e Objective 1. Characterize soil microbial communities from soils representing a range of levels of
degradation.

e Objective 2. Identify microbial taxathat are indicators for levels of degradation, especialy those
that may indicate the process of degradation has begun but is still reversible.

e Objective 3. Link soil community structure to both the general soil biophysical context and the
social science context to understand human impacts and drivers of human decision making for
soil management.

Key findings and accomplishments included:

e Samplesfrom the Bolivian Altiplano (Vadivia project) and Zambian experiments (Travis
project) sequenced and analysisis underway. The samples from the Bolivian elevation gradient
(Alwang project) are being processed and will be sequenced shortly.

e IntheBoalivian Altiplano, thereisatrend (not significant) toward decreased microbial diversity
with increased fallow period.

o Key queriesfor classifying pathosystems complexity were developed and will be useful in
identifying climate change assessment research needs.
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Watershed Modeling and Assessment

Principle Investigator: Conrad Heatwole, Associate Professor of Biological Systems Engineering,
Center for Watershed Studies, Virginia Tech

Host countries: Bolivia, Ecuador, Zambia

Basic hydrologic data characterizing watershed response provides important information for quantifying
the water resources of a community. Identifying, defining, and quantifying community resources are
important steps in being able to manage those resources. Hydrologic data are also critical for the
calibration and evaluation of models that can be used to assess the long-term impact of climate and land
use changes in the watershed. This activity relies on models, particularly the SWAT model, to evaluate
the biophysical conditions and response of a watershed to a variety of activities and stressors.

The objectives of this cross-cutting research activity are:

e Objective 1. Support natural resource management at a watershed and policy analysis scale by
documenting landscape condition, quantifying natural resources, and defining land-cover and
land use change using geospatial imagery and analysis.

e Objective 2. Assessimpacts of land use practices and climate change on agricultural
sustainability and natural resource management at a watershed scale.

e Objective 3. Design and implement low-cost community-based watershed monitoring programs.

Key findings and accomplishments included:

e Water quality analysis was completed in addition to collection of basic hydrology data. Stream
samples were collected and analyzed for total suspended solids (TSS). In addition, the partner in
Ecuador supported sample analysis for bacteria, nitrogen and phosphorus.

e Analysis of land use change in the upland Luangwa River watershed in 1989, 1994, 2002 and
2007 reveals different patterns of transition in land use. Older settled watersheds have a higher
percentage of abandoned land indicating the poor sustainability of current agricultural practices—
and the potential for recovery of productivity. The frontier watershed (98 percent forest in 1989)
isbeing rapidly settled and is now approximately 30 percent cleared. The trends and implications
of land use practices from this analysis are being used in outreach to public officials and
community groups to document the impact of current practices on landscape and natural
resources.

e |n Zambiaand Bolivia, models were evaluated for ng erosion, runoff and nutrient impacts
from land use changes. Additional work is required to adapt the respective models to the agro-
ecosystems where they were applied.

Linking Knowledge and Action: Meeting NRM Challenges
Principal investigator: Esther Mwangi, Center for International Forestry Research (CIFOR)
Host countries: Bolivia, Ecuador, Uganda, Vietnam, Philippines, Kenya

This cross-cutting research included partnerships with four of the five SANREM CRSP LTRAs. The
objectives of this research include the following:
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¢ Objective 1. Collection of qualitative and quantitative data on the multiple strategies used by the
four resource teams in linking knowledge to action (K2A) and the analysis and reporting of the
data.

e Objective 2. Dissemination and outreach of findings generated by participating research teams.

Key findings and accomplishments included:

e Ingenera, the research found that each project had unique challengesin facilitating the
dissemination and acceptance of knowledge gained through SANREM CRSP research. These
challengesincluded local and national political structures, social structures, and location.
However, one major similarity did exist in all projects: when stakeholders are included in
research activities from the beginning knowledge was more readily accepted and transferred into
action.

¢ In Uganda, communities and their leaders found that the SANREM CRSP approach reduced
resource conflicts, valued local knowledge, and provided new knowledge.

e In Ecuador and Balivia, acceptance of research findings and participation in research projects was
directly related to previous community interaction with project partners, homogeneous
populations and farming practices, and greater awareness of environmental damage caused by
farming.

¢ Inthe Philippines and Vietnam, the complexity of the national research, development and
extension systems created funding and implementation issues, with very limited resources for
research. SANREM CRSP helped fill the research gap and was linked to fostering participation
and enhancing the partnership base to increases the potential for research uptake and scaling up of
knowledge.

Assessing and Managing Soil Quality for Sustainable Agricultural
Systems

Principal investigator: Peter Motavalli, Adjunct Assistant Professor of Plant Sciences, University of
Missouri

Host countries: Bolivia, Indonesia, Philippines

The overall goa of this project isto utilize the wide range of climates, cropping systems, and
socioeconomic conditions represented in the ongoing SANREM CRSP projects to evaluate sustainable
agricultural management by examining common soil quality issues. Surveys were conducted among
community members and agricultural professionalsin two Andean regions of Bolivia, Philippines, and
Indonesiato determine their perceptions of soil quality and to assess the appropriate characteristics of a
field test for soil quality. Specific objectivesinclude:

e Objective 1. Assess community perceptions and indicators of soil quality, including differences
in perceptions of soil quality due to gender, environment, and socioeconomic factors. These
assessments will include an evaluation of desired characteristics of low-cost methods to evaluate
soil quality by local community members and agricultural professionals.

e Objective 2. Conduct aliterature review of soil quality assessment techniques and identify
practical but scientifically sound techniques that would be appropriate to evaluate soil quality
across SANREM CRSP activities.

e Objective 3. Determine the efficacy of spectroscopic-based (i.e., near-infrared, mid-infrared, and
visible range) analytical methods to evaluate soil organic matter fractions and soil quality in
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degraded and non-degraded soils in awide range of environments represented by the SANREM
CRSP projects.

e Objective 4. To collaborate in the evaluation of soil metagenomic methods as an indicator of soil
degradation.

Key findings and accomplishments include:

o Initia resultsindicate that farmers primarily use soil physical properties (i.e., soil color, texture
and structure, water retention and drainage) and plant growth as criteriafor assessing soil quality.

e Surveyed agricultural professionals stated that, for a soil quality test to be adopted, it would need
to be convenient, low in cost, and accompanied by sufficient training for its use.

e Extensivetraining in and testing of the potassium permanganate (KMnQ,) portable soil quality
test kit for labile carbon (C) was conducted over the duration of the project. Both practical and
scientific considerations affected use of this kit among the test sites, including challengesin
obtaining the KMnQ, reagent and inconsistent results in identifying degraded and non-degraded
Sites.

e Useof anear infrared (NIR) procedure worked successfully for prediction of several soil C
fractions, including water-soluble C, KMnQO, C, and particulate organic matter (POM) C, but
further research and development are needed to develop alow-cost, portable NIR instrument that
would be suitable for developing countries.

e Useof amethod that examinesthe ratio of peaks from Diffuse Reflectance Infrared Fourier
Transform (DRIFT) analysis for separating degraded and non-degraded soils also showed some
initial promise, but further testing and adaptation of this method to make it less time-consuming
and costly are needed.

e Caution isneeded in attempting to assess soil quality in awide range of cropping systems and
environments with atest that only measures differencesin soil organic C, for other soil properties
(e.g., soil chemical, physical and biological properties) may be primarily responsible for reduced
agricultural production.

Management Entity activities

SANREM CRSP program extension

As aresult of positive reviews of Phase I11 of the SANREM CRSP (2004-2009) by external reviews and
an internal USAID review, the SANREM CRSP was extended for an additional five years (Phase IV) to
September 30, 2014. Based on consultations with USAID/Washington, other USAID missions, and a
large number of SANREM CRSP stakehol ders around the world, a Phase IV research theme of :
“increasing smallholder food security through the introduction of conservation agriculture production
systems (CAPS)” was chosen. The Phase IV research and capacity building activities will develop and
demonstrate locally sustainable CAPS for smallholder rain-fed crop production systems that improve
food security and the productive capacity and ecosystem services of degraded agricultural lands.

During the last quarter of FY 2009, the Phase IV RFA was widely circulated and 15 proposals were
received and evaluated on the basis of scientific merit, research impact, capacity building, participatory
partnerships, and inclusion of gender and minority issues. Seven long-term research activities will be
funded during SANREM CRSP Phase I V.
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Annual meeting

The 2009 annual meeting was held August 31 to September 1 in the Washington, D.C. area. Lead
principa investigators from the five long-term research projects and the five cross-cutting initiatives
presented their findings to colleagues and personnel at USAID headquarters in sessions that focused on
key development implications of SANREM CRSP s research and outreach activities of the past five
years.

Publications and publicity

A highlight of FY 2009 was publication of the book, The Sciences and Art of Adaptive Management:
Innovating for Sustainable Agriculture and Natural Resource Management, collectively written by 25
SANREM CRSP Phase I11 partners and collaborators. Also, SANREM CRSP researcher Elinor Ostrom,
lead principle investigator for the LTRA Decentralization Reforms and Property Rights: Potentials and
Puzzles for Forest Sustainability and Livelihoods, was awarded the Nobel Prize in Economics. Her
SANREM CRSP research builds upon the earlier research for which she was awarded the Nobel Prize.

SANREM CRSP Knowledgebase

The web-based SANREM CRSP Knowledgebase (SKB) organizes and provides global access to
knowledge resources generated by the SANREM CRSP. The SKB provides sustainable agriculture and
natural resource management practitioners with information on best practices for site-specific conditions.
The SKB is managed by the SANREM CRSP Management Entity (ME), and knowledge is contributed by
the ME and SANREM CRSP researchers. The searchable SKB catalogs SA and NRM information
resources, including books, reports, journal articles, videos, movies, and presentations. Over 1700
information resources were added to the SKB in FY 2009. The SKB is accessible at:
http://www.oired.vt.edu/sanremcrsp/menu_information/SK B.php.

Training and institutional development

In FY 2009, 21 U.S. and host country universities and institutions provided long-term training for 48
graduate students (24 Ph.D. and 24 M.S.) and 18 undergraduate students through SANREM CRSP
support. Of these, 32 are women, 34 are men, and 52 are devel oping country nationals. SANREM CRSP
partners held 152 short-term training events in 10 countries for more than 28,474 people, including
14,237 women.
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Introduction

The Sustainable Agriculture and Natural Resource Management Collaborative Research Support Program
(SANREM CRSP) is sponsored by the U.S. Agency for International Development's Economic Growth,
Agriculture, and Trade Bureau (USAID/EGAT) and participating U.S. and host country institutions. The
goals of the SANREM CRSP are to support sustainable agriculture and natural resource management (SA
and NRM) decision makers in devel oping countries by providing access to appropriate data, knowledge,
tools, and methods of analysis; and to enhancing host country decision makers capacity to make better
decisions to improve livelihoods and the sustainability of natural resources. SANREM CRSP research is
organized around nested landscape systems approach beginning with field level systems, building through
farm, enterprise, and watershed systems nested in broader ecological, governance and policy systems.
SANREM CRSP activities result in the development, cataloging and transfer of technologies for
increased income generation, stakeholder empowerment, enhanced resource management, strengthened
local institutions, improved market access for smallholders and communities, and sustainable and
environmentally sound devel opment.

Integrated long-term research activities (LTRAS) are conducted by a consortium of universities, IARCS,
NGOs, and host country institutions, each led by aU.S. university. A participatory approach engages
stakeholders in research problem formul ation within priority areas of inquiry. Gender-sensitive participant
training programs that include degree and non-degree training plans are integral to the SANREM CRSP
approach. All activities link sustainable natural resource management with the economic concerns of local
populations and promotion of good governance. Areas of inquiry include:

e Technology integration: Technologies needed by stakeholders and decision makers to promote
SA and NRM practices (i.e., GIS, biotechnology, decision support tools)

e Governance: Palicies and ingtitutional arrangements enabling civil society to better manage
natural resources

e Economic policy and enter prise development: Supporting sustainable SA and NRM practices
that develop niche markets and are eco-friendly and competitive

e Biodiversity conservation and environmental services: Investigating synergistic relationships
between production, biodiversity, and livelihoods

e Social and institutional capacity building: Training and policies promoting improved SA and
NRM leadership, NGO technology transfer, and increased civil society and government synergies

e Globalization, vulnerability, and risk: SA and NRM best practices to manage globalization and
address risk and vulnerability caused by HIV/AIDS, food insecurity, etc.

The integrated SANREM CRSP systems approach demonstrates how linkages among gender,
biophysical, technology, governance, economic, social, environmental, and globalization factors achieve
sustainable development. This annual report covers SANREM CRSP research activities and
accomplishments from October 1, 2008 to September 30, 2009.
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SANREM CRSP Management Entity activities

The Virginia Tech ME provides overall administrative and intellectual leadership of SANREM CRSP
activities. This leadership is most clearly demonstrated in the financial management and program
coordination of the LTRA and cross-cutting activities, networking with information providers and users,
promoting SA and NRM, supporting SANREM CRSP researchers, and disseminating SANREM CRSP -
generated knowledge to potential users. The ME also keeps abreast of innovations and new approachesin
the SA and NRM inquiry areas, nurtures innovative new research and outreach activities, and circulates
SA and NRM knowledge and information among partners and the public through the SANREM CRSP
website, a quarterly newdletter, working papers, and research and policy briefs.

SANREM CRSP program extension

On June 3, 2009, USAID informed the ME that the SANREM CRSP would be extended until 2014. The
letter cited the continued relevance of sustainable agriculture and natural resource management during the
ongoing global food crisis, commended the SANREM CRSP on its technical progress and management
over the past five years, and requested a new research proposal/plan for the next five years (SANREM
CRSP Phase |V).

After consulting with USAID/Washington, other USAID missions, and alarge number of SANREM
CRSP stakeholders around the world, the following research theme was chosen for SANREM CRSP
Phase I1V: “Increasing smallholder food security through the introduction of conservation agriculture
production systems (CAPS)”. This unifying theme will contribute new knowledge and technological
innovations for sustainable cropping and related systems that increase agricultural productivity, soil
organic matter, and soil fertility in food-insecure regions of East, West, and Southern Africa; South and
Southeast Asia; and Latin America and the Caribbean. SANREM CRSP Phase 1V research and capacity
building activities will develop and demonstrate locally sustainable CAPS for smallholder rain-fed, staple
crop production systems that improve food security and the productive capacity and ecosystem services of
degraded and productive agricultural lands.

To initiate this new program the SANREM CRSP led a symposium on conservation agriculture at the
International Meeting of the Soil and Water Conservation Society (SWCS) in Dearborn, Michigan. The
SANREM CRSP symposium explored the role of declining soil quality in agricultural productivity in
developing countries; the potential of conservation agriculture to improve agricultural productivity, soil
quality, and ecosystems services; and challenges that must be overcome if conservation agriculture isto
improve food security.

During the fourth quarter of FY 2009 arequest for applications was widely circulated and 15 proposals for
Long-term Research Award activities (LTRAS) were received. The LTRA applications were reviewed by
apanel of SA and NRM professionals from institutions across the United States. The proposals
underwent atwo-stage review process and were rated on the basis of scientific merit, research impact,
capacity building, participatory partnerships, and inclusion of gender and minority issues. Seven LTRA
activities will be funded through 2014:

e A conservation agriculture production system program for the Central Plateau of Haiti. Lead
principal investigator (PI): James R. McKenna, Virginia Tech

e Conservation agriculture as a potential pathway to better resource management, higher
productivity, and improved socioeconomic conditions in the Andean Region. PI: Jeffrey Alwang,
Virginia Tech
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e Improving soil quality and crop productivity through conservation agricultural practicesin
cropping systems of West Africa. PI: P.V. Vara Prasad, Kansas State University

e Developing sustainable conservation agricultural production systems for smallholder farmersin
Southern Africa. PI: Neal Eash, University of Tennessee

o CAPSfor smallholder farmsin eastern Uganda and western Kenya. PI: Jay Norton, University of
Wyoming

e CAPSamong tribal societiesin Indiaand Nepal. Pl: TravisW. Idol, University of Hawaii at
Manoa

e Conservation agriculture for food security in Cambodia and the Philippines. Pl: Manuel R. Reyes,
North Carolina Agricultural and Technical State University

Management Entity highlights

Annual meeting

The SANREM CRSP 2009 annual meeting was held August 31 and September 1 in the Washington, D.C.
area. Lead principal investigators from the five long-term research activities and the five cross-cutting
initiatives presented their findings to colleagues and personnel at USAID headquarters in sessions that
focused on key development implications of SANREM CRSP' s research and outreach activities of the
past five years.

SANREM CRSP Knowledgebase

The SANREM CRSP Knowledgebase is an online and open access database of information resources
(books, reports, journal articles, videos, movies, presentations) produced or identified, classified, and
summarized by SANREM CRSP researchers. The SKB is aso the repository for all SANREM CRSP -
generated information resources. There are now over 3,200 metadata entries, of which more than 500 are
products of SANREM CRSP Phase |11 research. This searchable database is organized by landscape
system and provides searchable fields such astitle, creator/author, creation date, keywords, media type,
time period, location, description (abstract), language, and SANREM CRSP Project Number if
appropriate. The SKB ison the SANREM CRSP website at: http://www.oired.vt.edu/sanremcrsp/
menu_information/knowl edgebase.php.

The general public has the ability to search the database for published resources. Resources may be
searched by a number of criteria, including title, keyword, creation date, GPS location, and date of data
collection. Resources matching the given criteria are returned in alist from which they can be inspected
and downloaded if appropriate. Data entry and searches are facilitated by the SKB Metadata Guide,
Version 4 (Heatwole et al., 2007), online at: http://www.oired.vt.edu/sanremcrsp/documents/
SKB.UserGuide09.pdf

The ME has made additional effortsto promote and contribute to the linking and development of the
SKB. In 2008, SANREM CRSP participated in a six week online conference for Agricultural Learning
Repositories Task Force (AgLR-TF) sponsored by the Food and Agriculture Organization of the United
Nations. On awhole, the conference had limited but diverse participation. There was involvement from
every major world region, with the single greatest number of participants from India, followed by the
United States. SANREM CRSP input is often cited in the summary report (ftp:/ftp.fao.org/docrep/fao
/meeting/014/ai 263e.pdf), suggesting that SANREM CRSP made a significant contribution to this early
attempt at sharing knowledge across various agricultural learning repositories. Moreover, the SKB
benefitted from increased exposure and conversations about the types of resources the project makes
available. As amember of the AGLR-TF, the SKB has a profile of its unique features as alearning
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repository and islinked and accessible for reference by other task force members as well asin the public
domain, http://aglr.aua.gr/node/19 .

The conference gave SANREM CRSP the opportunity to participate in discussions on metadata
standardization and improving resource access for researchersin developing countries, and SANREM
CRSP was invited to send a representative to several conferences sponsored by the AQLR-TF in 2009.
SANREM CRSP continues to communicate with other Task Force members through its continued
membership in the online AgLR-TF community and looks forward to the possibility of sponsoring a
representative at AgLR-TF conferences and/or training activitiesin Phase V.

Communications program

The SANREM CRSP communications program disseminates pertinent SA and NRM information in
multiple forms for various purposes. This program consists of the SANREM CRSP website, newsl etters,
working papers, research and policy briefs, and press rel eases and articles submitted to newspapers,
magazines, and other websites. SANREM CRSP also has a page on Facebook, updated regularly with
links to news and information about conservation agriculture, natural resource management, and
ecological issues globally.

Website

SANREM CRSP partners, development practitioners, policymakers, other stakeholders, and the public
areinformed of SANREM CRSP activities and announcements through the SANREM CRSP website,
http://www.oired.vt.edu/sanremcrsp. The ME tracks visitors to the website using Google Analytics, afree
service that generates detailed statistics on website visits.

Visit: a period of interaction between a person's browser and a particular website, ending when the browser is closed or shut down,
or when the user was inactive on that site for 30 minutes

Pageview: an instance of a web page being loaded by a browser.

Pages/Visit: average number of pages viewed during each visit

Bounce rate: the percentage of single-page visits, i.e., the person left the site from the homepage

Avg. Time on Site: Time on site: how long a visitor is connected. Time on site can be misleading because visitors often leave
browser windows open when they are not actually viewing or using a site

New visit: a computer accessing the website for the first time

Figure 1. Google Analytics data for the SANREM CRSP website, FY2009
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Since the ME launched the website in October 2004, there were more than 26,000 visits and more than
90,000 pageviews. Visits in FY 2009 came from 147 countries and involved more than 9,000 visitors. Of
those, about two-thirds were in the United States. About athird of the visits were direct traffic (visitor
entered the URL directly), afourth were from links on other sites, and the remaining visits were generated
by search engines.

Table 1. Annual change in SANREM CRSP website visits

| FY 2008 | FY 2009 | 9% change
Visits 8,014 9,543 +19.08
Pageviews 34,172 27,703 -18.93
Pages/visit 4.26 2.90 -31.92
Bounce rate % 46.87 54.94 +17.22
Avg. time on site 4:10 3:06 -25.76
New visits 45.93 49.62 +8.02

Table 2. Top 5 countries visiting SANREM CRSP website, FY 2009

Country Visits Pages Avg. time New visits
/visit on site (20)

1. United States 7,042 3.12 3:12 40.34

2. Philippines 376 2.16 2:46 82.71

3. India 165 2.39 2:53 76.97

4. United Kingdom 129 2.35 1:48 79.07

5. Kenya 122 2.56 4:49 72.13

Information products

The SANREM CRSP Newsletter is published as an e-mail bulletin and online at http://www.oired.vt.edu/
sanremcrsp/menu_information/newsl etters.php. It provides a concise update of SANREM CRSP
activities, accomplishments, and future events. Issues in 2009 appeared in March, June, and October.

SANREM CRSP research briefs promote and disseminate relevant sustainable agriculture and natural
resource management messages and information. These concise summaries of peer-reviewed SANREM
CRSP research findings suggest how new knowledge can be applied in the field. Policy briefs present
peer-reviewed findings with direct policy implications or recommendations for sustainable devel opment.
The objective isto provide policy makers with easily accessible information to increase understanding of
often complicated policy issues. SANREM CRSP Phase |11 published eight research briefs
(http://www.oired.vt.edu/sanremcrsp/menu_information/researchbriefs.php). One policy brief was
published (http://www.oired.vt.edu/sanremcrsp/documents/policybriefs/108V AF.pdf).

The SANREM CRSP working papers series provides an early look at research in progress. Each paper
was internally reviewed by the ME, but not yet refined for formal publication. Examples are preliminary
baseline studies reports, discussions of methodological or thematic issues, and topical syntheses and
literature reviews. The Phase |11 series, inaugurated in 2006, has posted 27 entries. All are available on
the website: http://www.oired.vt.edu/sanremcrsp/menu_information/working_papers.php.

SANREM CRSP FY 2009 Annual Report 17


http://www.oired.vt.edu/sanremcrsp/menu_information/newsletters.php
http://www.oired.vt.edu/sanremcrsp/menu_information/newsletters.php
http://www.oired.vt.edu/sanremcrsp/menu_information/researchbriefs.php
http://www.oired.vt.edu/sanremcrsp/documents/policybriefs/108VAF.pdf
http://www.oired.vt.edu/sanremcrsp/menu_information/working_papers.php

Newspaper, magazine, and online articles

Part of the SANREM CRSP’ s mission is to establish the program as a respected authority on sustainable
agriculture and natural resource management, raise the profile of the program, and to disseminate
SANREM CRSP generated knowledge around the world. The ME achievesthisin part by distributing
stories to newspapers, magazines, and other websites. In 2009, media placement included news of
SANREM CRSP researcher Elinor Ostrom’s Nobel Prize in economics on the home page of the USAID
website and in USAID’ s FrontLines magazine, the Washington Post and other media.

Book on adaptive management for sustainable systems

The Sciences and Art of Adaptive Management: Innovating for Sustainable Agriculture and Natural
Resource Management edited by Associate Program Director Keith M. Moore was published by the Soil
and Water Conservation Society in 2009. The book is available for purchase or downloadable at:
http://www.swcs.org/en/publications/the sciences and art_of adaptive _management/

Thetable of contents follows:

Part |. Managing Adaptive Systems
Chapter 1. Landscape Systems Framework for Adaptive Management, Keith M. Moore

Part I1. Complex Systems and Development: The Science

Chapter 2. The Field System, J. Paul Mueller, Denise Finney, and Paul Hepperly

Chapter 3. Sustainable Agriculture and Natural Resource Management in Farm Enterprise
Systems, Peter Wyeth

Chapter 4. Watershed-Based Systems, Sharyl Walker and Saied Mostaghimi

Chapter 5. Governance of Landscape Systems: A Dinner Party Approach, Cornelia Butler Flora
and Arion Thiboumery

Chapter 6. Ecosystems and Ecosystem-Based Management, Carola A. Haas, Emmanuel A.
Frimpong, and Sarah M. Karpanty

Chapter 7. Sustainable Agriculture and Natural Resource Management: A Policy Perspective,
Gerald Shively and Dileep Birur

Chapter 8. Building Innovation Systems for Managing Complex Landscapes, Louise E. Buck and
Sara J. Scherr

Part 111. Case Studies across L andscape Systems: The Art

Chapter 9. Community-Based Wetland Comanagement in Bangladesh, Devona Bell Sherwood

Chapter 10. Adaptive Watershed Management in the South American Highlands: Learning and
Teaching on the Fly, Jeffrey Alwang, Victor Barrera, Robert Andrade, Sarah Hamilton, and
George W. Norton

Chapter 11. Community Organizing for Natural Resource Management: Strategies for Mitigating
Farmer-Pastoralist Conflict through Decentralized Governance, Michael Bertelsen, Salmana
Cissé, Keith M. Moore, and Abdoulaye Touré

Chapter 12. Systems Integration and Innovation, Keith M. Moore

SANREM CRSP leveraged funding

SANREM CRSP PIswere successful in leveraging additional funding to enhance their research and
outreach activities. Funding sourcesincluded U.S. and international funding agencies, as well as host
country sources (Table 3). Thisyear, SANREM CRSP co-Pls generated $375,207 in leveraged funding.
The mgjority of those funds ($288,207) went directly to the support of SANREM CRSP activities.
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Table 3. SANREM CRSP leveraged funding, FY 2009

. Funding or support for
Source of Non-tracked funding or non-SANREM CRSP
. support contributing to S . Total ($)
funding/support SANREM CRSP activities activities resulting from
SANREM CRSP activities
U.S. organizations $277,707 $62,000 $339,707
Host country $10,500 $25,000 $35,500
organizations
Total $288,207 $87,000 | $375,207

Training and institutional capacity development

Long-term degree training

The SANREM CRSP uses degree training to strengthen the technical skills of researchers, extension
agents, and teachers from U.S. and host country universities, national agricultural research services, non-
governmental organizations, and relevant ministries. While developing a globa knowledgebasein U.S.
universities, SANREM CRSP addresses specific host country SA and NRM questions, opportunities, and
constraints. In FY 2009, 21 U.S. and host country universities and institutions provided long-term training
for 48 graduate students (24 Ph.D. and 24 M.S.) and 18 undergraduate students associated with SANREM
CRSP activities. Of these, 32 are women and 34 are men and 52 are developing country nationals
studying at six U.S. and 11 host country institutions. In addition, 154 long-term training participants were
supported. These included 78 men and 76 women (47 Ph.D., 50 M.S., and 57 undergraduates) and 122
were host country nationals. See A. Training Participants

Table 4. Long-term degree training participants by country, FY 2009

Country Doctorate Master’s Bachelor’s Total
Men Women Men Women Men Women
Bolivia 2 1 6 4 10 5 28
Colombia 1 1
Ecuador 1 1
Indonesia 1 1 1 3
Kenya 1 1
Korea 1 1
Peru 1 4 1 6
Philippines 1 1 3 5
Thailand 1 1 2
USA 5 7 1 1 14
Vietnam 2 2
Zambia 1 1
Zimbabwe 1 1
Total 10 14 14 10 10 8 66

Short-term training

SANREM CRSP partners held 152 short-term training events serving more than 28,474 people, including
14,237 women. Training events were held in 10 countries. Training included 13 field days that introduced
new and alternative conservation technologies to more than 21,799 people, including 11,240 women.
Fifteen seminars addressed 581 people, including 218 women. Of 3,611 people participating in 28 short
courses, 1,694 were women. Also, 96 workshops were held serving more than 2,483 people; at least 985
of them were women. (For afull accounting of these training events, see A. Training Participants)
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Table 5. Short-term training participants by country, FY 2009

Country Women Men Total
Bolivia 795 1,053 1,848
Ecuador 347 616 963
Indonesia 1 2 3
Kenya 16 45 61
Mexico 12 30 42
Peru 141 183 324
Philippines 112 264 376
Uganda 4 5 9
Vietnam 63 117 180
Zambia 12,646 12,022 24,668
Total 14,137 14,337 28,474
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Long-term Research Award (LTRA) program

Decentralization Reforms and Property Rights: Potentials
and Puzzles for Forest Sustainability and Livelihoods
(LTRA-1)

Principal investigator: Elinor Ostrom, Arthur F. Bentley Professor of Political Science, Indiana
University

Host countries: Bolivia, Kenya, Mexico, Uganda
Research team:

e University of Colorado: Krister Par Andersson, political science

e International Food Policy Research Ingtitute: Ruth Meinzen-Dick, senior research fellow,
environment and production technology

e Harvard University: Esther Mwangi, Giorgio Ruffolo Post-doctoral Fellow in Sustainability
Science, Center for International Development, Kennedy School of Government

e Charles Darwin University: Bruce Campbell, director, Research School of Environmental Studies

e University of Alberta: Marty Luckert, forest economics

Research strategy and development objectives

Introduction

Decentralization and property rights reform policies formulated at the national level for large geographic
domains often fail to account for the complexitiesinvolved in land use at the local level and can thusfall
short of their goals of sustainable NRM and improved local livelihoods. In response to this challenge, this
project aims to improve forest and natural resource policy by developing and disseminating knowledge
about institutional conditions that make such policies more or less effective in equitably delivering
benefits equitably to local people while sustaining natural resources. Thisis achieved by systematically
characterizing how top-down public policy reforms, particularly decentralization reforms, affect local
property rights and the implications of rights arrangements for particular groups (women, the poor, and
marginalized who are dependent on forest resources). The research analyzes the effects of forest
decentralization from alocal community perspective rather than at the macro level. We pay particular
attention to the way in which property rights regimes and related local institutional arrangements may be
atered by the changesin public policy at the national level. Specific research objectives include:

e Objective 1. Develop capacity within resource user groups at the selected forest sites to enable
differentiated actors (particularly women, the poor, and other marginalized groups) to identify,
understand, and participate in forest governance, benefits, and policy processes.

e Objective 2. Develop capacity within key organizations (especially government agencies and
NGOs) in the forestry sector to understand the impacts of policies on differentiated local actors
and to adopt strategies for inclusion of such actors within broader policy processes.

o Objective 3. Develop effective monitoring techniques for use by resource user groups and their
partners (including NGOs and local-level agencies) at the community level to assess the impacts
of decentralization and other property rights reforms on natural resources (including biodiversity)
and livelihoods.
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Theoretical framework

Decentralization policy reforms do not automatically translate into new property rights regimes or
immediately observable environmental outcomes. It is therefore crucia to analyze the processesin the
middle of acausal chain linking national policies with environmental outcomes. We propose that the
effects of apolicy change depend on the role played by local institutional* arrangements. Our research
focuses on the institutional arrangements and incentives of local governance actors—local community
leaders in particular—to explain their decisions and actions as well as the resultant outcomes for forests.

Our approach builds on the work of the new ingtitutionalism school of political economy (North 1990,
Ostrom 1990, Knight 1992, Horn 1995, Bates 1998). New institutionalists seek to explain political
behavior by examining the constraintsimposed on individual s by institutions. Whereas early forms of
institutionalism implied that institutional structures determined social or political outcomes, new
institutional scholars have come to view institutional arrangements as moderating the effects of other
variables. Our approach also emphasizes the value of considering institutions at multiple levels, drawing
on earlier work that analyzes institutions as “two-level games’ (Putnam 1994), “ nested action arenas’
(Ostrom 2005), or systems of multilevel governance (Hooghe and Marx 2003). We recognize that
institutional arrangements are nearly always made up of severa layers of social orders—from local
micro-interactional ordersto international and transnational arrangements—and that the rel ationships of
complementarity and contradiction between these layers are crucial.

We use these insights to analyze decentralized resource governance. Through this approach, we highlight
the ways in which decentralization reforms are filtered by institutional arrangements to produce outcomes
visible on the landscape. The existing set of multi-tiered institutional arrangements shape the incentives
that actors face and thus the patterns of interaction among resource users, various levels of government
officials, and other actors. The relationship between actors and ingtitutions is often complex, since actors
both respond to institutional incentives and enact these institutional arrangements continualy. The key
point in our approach isthat the configuration of local institutional arrangements and their interactional
dynamics shape the extent to which decentralization ultimately affects the environment.

One of the key challengesin our research isto isolate the effects of decentralization and other public
policies on local decision making related to natural resources. The difficulty liesin the separation of
decentralization from other processes occurring simultaneously and influencing local decisions. We have
atwo-pronged approach to dealing with this challenge. First, we use our framework for institutional
analysis (Figure 2) to organize and clarify the conceptual linkages among public policies, property rights
regimes, local institutional arrangements (administrative rules governing resource access, voting, and
harvest), and the changing nature of natural resources. Second, we use this information to create a
research design that offersinsight into which variables matter in determining outcomes and which allow
us to document complex interactions and draw |essons from them.

Institutional analysis framework

Theinstitutional analysis employed in the project is structured by an adaptation of the Ingtitutional
Analysis and Development (IAD) framework (Figure 2). This framework helps the researcher organize
the context-specific analysis of institutions and the incentives they generate (for reviews, see Ostrom
2005; Gibson et a. 2005). In this analytical approach, we emphasize a contextually grounded analysis of
local institutional arrangements and incentives. In other words, the effects of decentralization reforms are
affected by afilter of institutional mediation. We view the decisions of local governance actors, including

! In this context, “institutions” are defined as systems of rules.
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community members, authorities, local government officials, and NGOs, to be shaped by both national
and local-level institutions, asillustrated by Figure 2. The local actors' incentive structures are composed
of the perceived rewards and penalties from sociopolitical aswell as financial or economic arenas. These
incentives emerge from the patterns of interactions between local community leaders and a variety of
other actors such as resource users, central government representatives, and private interest groups who
operate under varying contextual conditions.

Exogenous Action arena%nal mediation Outcomes
( \ —~
Per sonal Interactions
attributes of the
political actors
Central
government
representatives .
Quality of
Biophysical thelocal
environment Institutional Ingtitutional governance
context incentives . regime
Multitiered || Sociopolitical | Community- /
institutional and financial baszs_ Teﬂl{{e
o arrangements rewards and organizations security
Deﬁe?g:rj :nglo (including sanctions !
property rights Environment
regime) condition/
- - politicians
Socioeconomic
context

Figure 2. From Andersson, Laerhoven, and Gordillo (forthcoming), adapted from Ostrom (2005)

We propose that the characteristics of these local interactions will in part depend on local and national
level institutions, such as the particular mandate given to local governments or communities and their
experience in governing in a particular policy domain (i.e. forestry, irrigation or fisheries). Following this
logic, local community members will invest their time and resources into governance activities when they
reap some rewards. Investing in governance activities may, for example, enhance or constrain their
incomes from natural resources, the losses from intrusions, and their relationships with other governance
actors.

All the relationships depicted in Figure 3 occur at multiple levels of governance: operational, collective
choice, and constitutional. Note that governance level does not correspond to spatial level. In the current
project we are particularly concerned with interactions between the community/watershed level and the
national level, informed by patterns at the farm househol d/enterprise level. Each of these spatial levels
may make rules at any of the three governance levels. The examples given above relate mostly to decision
making at the operational level, which isthe level where resource users interact and make day-to-day
decisions about things, such as what type of products to harvest on a certain day, where they will harvest,
who they will ask for help, and how much they will harvest. These decisions at the operational level are
influenced by governance processes at two superior levels of authority: the collective choice and
constitutional levels. Figure 3 illustrates the multilevel dynamic of how decisions at one level are
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influenced by decisions at other levels of governance. The nested governance decisionsin Figure 3 can be
made by any or all of the actorsin the action arena of Figure 2. That is, for any given level of spatial
aggregation, including all systems of the SANREM CRSP framework—household, community, local,
state, national—decisions can be made at the operational, collective choice, or constitutional level.

Figure 3. The nested nature of governance decisions. Adapted from McGinnis (2000)

At the collective choice level, policy makers make decisions about the rules that constrain the resource
users harvesting decisions at the operational level. These rules may include who may or may not harvest
resources, which areas are off limits for certain uses, and the maximum quantities that each family may
harvest in agiven year. The participants at this level of governance, the policymakers, are sometimes
appointed by the community members themselves in a self-organized village council, and other times the
participants are appointed by government officials. Whoever is making the collective choice decisions,
these decisions are influenced by rules created at the constitutional level of governance. At this highest
level of governance, decisions are made about who is authorized to make collective choice-level rules,
what means may be used in enforcement of these rules, and what sanctions may be applied to those who
do not comply with the rules.

We use this framework to organize and clarify the conceptual linkages between public policies, property
right regimes, local ingtitutional arrangements, and the changing nature of natural resources. One of the
most important tasks at this stage of the research isto identify the ways and mechanisms decentralization
could plausibly influence local decision making. For example, who are the targeted actors that one should
pay particular attention to, what are their changed mandates, powers, and resources? Which particular
processes are these actors likely to influence most, and which are they not very likely to influence at all?
Thisfirst step of the analysis allows the members of the research team to agree on a common language, to
discuss the most important theoretical and empirical work to draw on for analyzing the issues at hand, and
to start formulating core hypotheses about causal processes.

The hypotheses emanating from the institutional analysis are then used to create a comparative research
design that includes cases representing different degrees and types of decentralization. Inthe LTRA-1
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project, our research design includes two pairs of countriesin two regions with varying degrees and types
of decentralization, and it relies on over-time observations of the sites where we work. This design alows
usto carry out alongitudinal, cross-sectional comparison of how communities respond to decentralization
reforms. The combination of a carefully conducted ingtitutional analysis, a comparative research design,
and over-time observations increases the likelihood of making sound scientific inferencesin our analysis.

Research strategy

Our research design alows us to test two critical aspects of our theoretical arguments. First, by selecting
two pairs of countries with varying degrees of decentralization, we are able to examine the potential effect
of this national-level policy on local-level decision making with regard to community governance
activities. Second, by collecting data in multiple communities in each country, we are in a position to
analyze the potential effects of varying institutional structures along with other local characteristics on
local community and household-level decision making. This alows usto test several highly policy-
relevant hypotheses, as outlined in Table 6 below.

Core research question. What institutional conditions and interactions related to forest usein rural areas of
developing countries will help deliver benefits equitably to local people while sustaining natural
resources? Our main hypothesisis that the consequences for property rights in a decentralized governance
situation are crucial to livelihoods and to sustainable NRM. From this central proposition, we derive
several testable sub-hypotheses and several more specific research questions and subquestions, outlined
here and in Table 6 below.

The first research question looks at the effects of national decentralization policies on resource
sustainability and the equity and efficiency of forest resource management at the local level. In particular,
we look at the institutional conditions that make local actors more likely to invest in local forest
governance ingtitutions and in effective forest conservation. The second question looks at how
decentralization policies change property rights to the forest, including identifying the rules that influence
forest user decisions and how these have changed under decentralization reforms, and the effects of
decentralization policies on accountability and empowerment in resource systems. The third question
examines the implications of decentralization for different groups, including women and forest-dwelling
communities. Under this question, we examine how community and household responses to policy
changes are linked to gender and poverty levels, and how community monitoring contributes to
empowerment of rural communities and accountability of public officials. The research scrutinizes the
differential effects of decentralization in detail, parsing out what specifically is meant by decentralization
in the various countries and determining the repercussions of specific policy components.

Implications for research, action, and policy
To explicate the range of forms and effects of decentralization, the project employs awide range of tools:

doctoral dissertations

journa article submissions

site reports

conference papers

national advisory committee meetings
national policy consultations

regional policy exchanges
on-the-ground trainings of resource users
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Our focus on journal articles and doctoral dissertations speaks to our desire to contribute to current
scholarly debates on appropriate institutions for forest and natural resource management. Current
understanding of decentralization processes, their outcomes, and conditions those outcomes produce is
evolving. Our cross-country study, using socioeconomic and biophysical methodologies and comprising
both cross-case and within-case analysis, provides a unique opportunity to draw reliable insights on forest
decentralization reforms.

In the policymaking and practice arena, we aim not only to share results and information in easy-to-use
formats with both practitioners and resource users, we also aim to provide forums that will encourage
feedback that in turn gets incorporated into ongoing research. The national advisory committee (NAC)
meetings represent forums where our research, its design, and outcomes are periodically interrogated by
individuals and groups that work in the forestry sector and who make and/or implement forest policy.
National policy consultations were also held to move beyond our NACs to include relevant actorsin the
policymaking arena—to share our findings and get feedback of the relevance of our research. The
national policy consultations help determine what parts of our research are useful and how policymakers
plan to useit. Additional regional exchanges allowed interactions between policymakers and other
practitionersin each region (i.e., East Africaregional exchange and Latin America exchange). These
regiona exchanges facilitate shared |earning around decentralization—Uganda, for example, is at amore
advanced stage of implementing forest decentralization reforms, while Kenya has experimented with
community management of some forests—but for managing other ongoing challengesin the forestry
sector as well (see the case of degazetting Mabiraforest in Uganda).

A number of outcomes were shared with policy makers, practitioners, and other researchers. First,
decentralization reforms are not uniform and they have uneven impacts. Second, holding ecological and
cultural settings constant, these uneven impacts are conditioned by several factors, including the level and
degree to which power, authority, and resources are devolved; the range and security of rightsto
resources that is accorded to local communities; and the extent to which community preferences and
needs are taken into account in decision making. Third, mechanisms and strategies can be designed to try
and ensure that such reforms are beneficial for poor, rural men and women as well as forest resource
sustainability. In short, we shared with policymakers, practitioners, and researchers the reasons why
institutions matter—they are important for distributing benefits and ensuring accountability when major
policy reforms occur, and can ultimately be designed to promote accountability and equitable distribution
of resources.
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Table 6. SANREM-CRSP LTRA-1 conceptual model

Research questions

Sub-questions

Hypotheses

Methods

1) How do decentralization
policies made at the national
policy level affect resource
sustainability and the equity and
efficiency of forest resource
management at the local (farm
and field) level?

1.1 Under what institutional
conditions do local actors invest
in forest governance
institutions?

H1.The governance outcomes in the
decentralized regime depend on the
technical and financial resources of the
local actor to whom responsibilities were
transferred.

Using comparative case study analysis and large-n
surveys (in Bolivia and Mexico), we will test whether a
high level of schooling and income is associated with
high performance of governance.

1.2 What institutional factors
make some local actors more
effective in forest conservation
than others?

H2.A transfer of governance rights,
resources, and responsibilities will yield a
higher rate of investment into forest
governance activities when local
communities are targeted rather than
meso-level government organizations and
when rights are perceived as secure.

Comparing Kenya (partial community devolution) with
Uganda (municipality devolution) as well as Bolivia
(municipality) with Mexico (community) we assess
differences in relative investments in governance
activities.

2) How does decentralization
alter forest property rights?

2.1 What are the main rules
that influence forest user
decisions, and how have these
changed with the
decentralization reforms?

H3. In the decentralized regime local actors
will relax conservation efforts to gain short-
term payoffs through attracting outside
actors’ investments, leading to resource
mining and degradation over time.

Longitudinal observations of forest communities in all
four countries will be used to see whether there is less
regulation on the ground after decentralization.

2.2 How do rule changes
attributed to decentralization
affect the degree of
accountability and
empowerment within resource
systems?

H4. The local actors’ discount rates will
help determine whether decentralization
leads to a race to the bottom or a race to
the top.

Longitudinal, cross-section comparison of communities
in each country will be made to see whether
communities with high discount rates invest less in
governance and suffer more forest degradation after
decentralization.

3) What are the implications of
decentralization for different
groups, including women and
forest-dwelling communities?
How can different interests be
accommodated?

3.1 To what extent are
community and household
responses to policy changes
linked to gender relationships
and degrees of poverty within
households and communities?
3.2 How does the use of the
community monitoring
contribute to the empowerment
of rural communities and
increased downward
accountability of public officials
to those rural communities?

H5. Forest resource management is more
likely to be effective where decentralized
forest management is sensitive to women'’s
participation and includes women in
decision making, rather than reinforcing
existing inequalities. Outcomes will be
more enhanced under devolution.

Cross-site, time series analysis of the relationship
between women'’s participation in decision making and
forest management outcomes. Within-case analyses
will be used to identify the pathways and processes by
which decentralization reforms improve (or inhibit)
women'’s participation in forest decision making.

H6. Communities with high poverty rates
will have higher discount rates of forest
products and services.

Cross-sectional tests of difference of means for proxy
discount rates across income strata of communities in
each country

H7. Community-centered efforts to monitor
and enforce rules related to forest
significantly affect forest conditions.

Using IFRI database, analyze whether community self-
monitoring and enforcement is associated with
superior user assessments of forests.
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Research progress by objective

The objectives for our project are closdly intertwined; all three objectives involving building capacities
among stakeholder groups. Their similarity, and complementary capacity-building activities must be
considered together to assess the project’ s effectiveness. Therefore we will address the research
accomplishments associated with all three objectives together in the section below.

Critical research accomplishments

The primary accomplishments of this project revolve around the gathering of detailed data at both the
household and community levelsin 24 forests across four countries, complemented by a national-level,
forest-community survey in the two Latin American countries. Community-level data was collected
following the International Forestry Resources and Institutions (IFRI) protocol, which captures both
social and biological information. This collection of data allowed project partnersto assess the
institutional compatibility of stakeholder organizations, user groups, policymakers, and othersinvolved in
forest governance; and to identify gaps and capacity-building needs that would enable all involved to
better achieve natural resource and livelihood goals. Data collected includes:

e Bolivia 572 forest plots and 165 household surveysin 7 communities (2 funded by University of
Michigan); national survey of 200 forest communities

e Kenya 146 forest plots and 702 household surveysin 7 communities

e Mexico. 204 forest plots and 288 household surveysin 5 communities; national survey of 146
forest communities

e Uganda. 254 forest plots and 720 household surveysin 9 communities (2 funded by University of
Michigan)

Throughout the project, we have relied on contacts at many levels to facilitate all three objectives. In
addition to regular contact with user groups, our partner organizations formed NACs that met regularly
throughout the project to discuss findings and needs. The NACs aso hel ped identify study sites and
provided a perspective on trends and policies at higher levels of governance. Roundtables, trainings, and
cross-community workshops created education and exchange opportunities for stakeholders at al levels. .
This multilevel approach culminated in international exchange meetings between the two countriesin
each region, held in 2008 (for Uganda and Kenya) and 2009 (for Bolivia and Mexico).

Development impact

Data gathering allowed researchers to amass information used to draw conclusions at country, regional,
and international levels and identify ways to benefit the targeted communities by skill building, providing
site-specific information, and improving local quality of life.

In an analysis of the overall project data, we found that:

e Decentralization was associated with increased forest investment (e.g. tree planting) in Mexico,
Uganda, and Bolivia; forest investment actually dropped significantly in Kenya, aresult that we
had not predicted. This outcome may be because the reforms are so new that people perceive the
new rules as ingtitutional instability, and may require some time to adapt to the new institutional
environment.

e Loca-level rule making was expected to increasein al countries as aresult of decentralization;
however, the only significant changesin this variable occurred in Uganda. We speculated that the
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macro-level instability was so significant that user groups were induced to make local rulesto
compensate.

The effect of decentralization on wealth inequality was expected to vary. In Mexico, we found a
strong correlation with years of decentralization and a more equal distribution of wealth. In
Uganda, wealth inequality increased significantly following decentralization.

The anticipated effects of decentralization on forest conditions in the four countries were more
difficult to predict. The effects on forest conditions in Mexico were positive and very large, aswe
predicted. However, in the other countries decentralization policies had little effect on the
perception of forest conditions compared to similar forests in the region.

Because of these disparate findings, we argued that expectations related to natural resource
decentralization should be adjusted to the context of the types of decentralization reforms being
implemented and the country within which they are implemented. Decentralization includes a
wide variety of concepts that should be explicitly defined when discussing any potential impacts.

The theory indicating how decentralization will vary by context isimprecise. The Coleman et a. analysis
indicates that the stability of reforms, scarcity of forest products, size of forest units affected, and
dependence of user groups on the resource will affect many decentralization goals. In addition, these
effects might differ depending on details of the decentralization reform.

Previous analyses of forest decentralization have focused on the macro level. We have looked instead at
the behavior of local users. The changes and adaptations of local institutions and user behaviorsin
response to broader policy reforms, as well as the environmental outcomes of such reforms, need to be
given greater attention.

Further analysis conducted during the extension period showed the following:

Despite recent work that suggest that rights of access and use (to enter the forest and harvest) are
the most important types of property rights for forest users we find that households with rights of
access are actually less likely to rank the vegetative density of the forest highly than those who
have no rights of access or use. Those with more complete property rights (management,
exclusion, alienation) are those who are the most likely to rank the vegetative density of the forest
highly.

Property rights are most significantly and substantively related to high ranking of vegetative
conditions in government forests, rather than community and private forests. Formal property
rights are necessary in government forests to ensure that there is not over-exploitation of the
forest stock, while less formal rights may be sufficient in community or private forests—in
communities because informal norms exert control over behavior and in private forests because
of informal contracts between owners and households.

Households with property rights in government forests as well as other forests are more likely to
rank the vegetative conditions in government forests more highly than those who only have rights
in government forests. However, households with property rights in community forests as well as
other forests are less likely to rank the vegetative conditions of community forests highly than
those with property rights only in community forests. In other words: Those who rely solely on a
community forest do not over-exploit it, while those who rely on a community forest as one
among other types of forests which can be accessed, tend to rank conditions more poorly--
perhaps because they have more forests to compare to or perhaps because they can exploit

the community forest and risk violating social norms, yet still have some access to resourcesin
other forests. Those who use only a government forest, however, are more likely to over-exploit
the government forests, but when there are alternative forests available they switch their useto
them.
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e Households with more assets tend to rank all types of forest vegetation poorly. Those who are
distant from markets are more likely to rank the forests poorly while those who live farther from
the forest are more likely to rank the forest highly. When rules are perceived as fair, forest
vegetation is more likely to be ranked highly. Forest subsistence is negatively related to
vegetation in private forests, not significantly correlated in government or community forests.

Uganda. In Uganda, the first SANREM CRSP site (Mabiraforest) was involved in a particularly
contentious struggl e to determine the fate of the forest. Throughout the conflict, SANREM CRSP partners
have worked closely with neighboring communities, Kirugu and Nakalanga, to strengthen forest
management committees, monitor the level of illegal activities in community managed forests, and assist
the communitiesin diversifying local sources of income through pineapple farming and rearing of goats
and cattle.

Part of the learning experience also derived from exchanges between communities, exemplified by the
trip arranged for leaders from Kyarukooka to Sango Bay, where there is a successful collaborative forest
management system. Residents of Sango Bay’ s Mujanjabula and Mugamba settlements formed a“ Save
the Forest” Association; they carry out joint patrols with National Forest Authority officials, have planted
a community woodlot, and also plant trees for timber and medicinal purposes. The level of illegal
activities in the forests managed by the association islow and the forest has continued to improve. The
group also visited neighboring communities who were in the process of forming forest management
committees.

Community leaders from Nakalanga and Kirugu visited communities who have started collaborative
forest management in nearby forest patches of Mabira Forest reserve.

During the extension period, half-day workshops were held in Wakisi, Malamaganbo, and Kakindo to
discuss the roles of communities and local institutions in the management of forest resources following
the implementation of the forest sector reforms. A policy brief in the local language (trandlated during the
extension period) was used in the discussion and also distributed to the local leadership and members of
the forest associations in the study sites.

Community-level learning was complemented by multiple strategies, including the formation of aNAC,
whose members represented numerous scales of governance with the ability to influence necessary policy
changes. NAC members in Uganda also participated in feedback workshops, meant to share research
findings with forest user groups.

Using these various mechanisms, Ugandan researchers found an increasing rate of deforestation in the
country but some communities and districts where management of forest resources has improved
(Ecosystem and Community/watershed level). They also found participation of local communities and
local councilsin forest use decisionsis still limited (Policy/market level) and there is an increased rate of
tree planting by the private sector and individual farmers (Farm household/enterprise level). Finally, they
have concluded that the National Forest Authority has made an impact on plantation establishment but
has not been very successful in conservation of natural forests (Policy/market level).

Kenya. In Kenya, the research team worked in collaboration with resource people from government
ministries to equip community members with the skills necessary for sustainable forest management. In
Aberdares, the main focus was on forest enrichment and rehabilitation. Community members were trained
in tree nursery management, seed production and storage, and related topics. A few groupsin some
sections of the forest had |eadership wrangles; therefore the team also trained them in group dynamics,
conflict resolution, and leadership. In Ramogi, the main focus was on business management skills related
to participatory forest management projects that would improve the livelihoods of community members.
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The members were trained in basic bookkeeping, beekeeping, proposal writing, and participatory skills
for problem identification among others. Asin Aberdares, they also had group problems and received
conflict resolution training.

The Kenyan team noted an increase in the number of community forest organizations from one visit to the
next and found greater awareness about Kenya' s new Forest Act following the team’ s site visit. Physical
improvements were also in evidence, with a new electric fence in one site helping to prevent cattle from
grazing in the forest. Another community developed an ecotourism facility in collaboration with an
organization, using advice of the research team.

Target communities in Kenya also showed an increase in the number of NGOs and community-based
organi zations working within the natural resource sector, and an increase in the number of government
projects aimed at poverty alleviation (Policy/market level). In Aberdares, examples included green zones
and the Plantation Establishment and Livelihood Improvement Scheme (PEL1S), both Kenya Forest
Serviceinitiatives. In Ramogi, PLAN International, Action Aid, and CARE Kenya were also active. In
the second case, the town council was taking a more proactive role in forest management than the team
witnessed during their initial visit (Policy/market level). They also found greater acceptance among
foresters of the involvement of community members in forest management (Policy/market level).

Data from the household surveys collected in Kenya showed the following:

e Most forestsin the country face challenges due to population pressure and high dependence on
forest products for livelihoods. In all the sites, forest adjacent communities depended fully on the
forestsfor al their energy needs, most of their poles and posts, al their herbal medicine needs
and some of their construction needs. Some forests such as Aberdares and Mau were heavily
degraded due to human impacts, which included clearing of large tracts of forestland for
cultivation of crops. The main reasons for the high dependence on forest products were related to
population increase, high poverty levels, and unemployment.

o |t adso emerged that forests did not offer dependable cash income. A majority of the communities
harvested products for subsistence use but did not rely on the forest products fully for cash
income. There was therefore limited time dedicated to forest activities for poor farmers.

e Government linkages with communities are poor due to conflicts between the forest managers
and users, high corruption among the forest managers, poor forest management strategies, and
poor communication flow to communities. Linkages with other stakeholders were also limited
and only afew ‘elite’ were beneficiaries of information from non-governmental organizations.
Most women and other marginalized groups were often left out of development activities mainly
dueto low or no education, lack of time to attend meetings, lack of contacts within the local
settings thereby limiting information flow. There was also a general lack of technical knowledge
of forest management and conservation among community members thus limiting their
involvement in management activities.

e Women are unlikely to inherit property (an exception is Aberdares, where unmarried women can
inherit land) and are also disadvantaged by the expectations of the new forest act. For instance,
due to low education, many could not be selected for leadership positions. Time constraints also
affected their ability to attend meetings. Although women spent much time in the forest collecting
products, they were rarely consulted about any forest management initiatives.

o The Ramogi Hills forest was selected as a good example of a sacred forest with strong cultura
ties and ingtitutions. Results from the study of this forest indicated that the rules crafted to protect
the forest were respected by a majority of the; evenillegal harvesters avoided harvesting from
within the sacred grove. Since the people value the sacred forest for its cultural and historical
significance, they also made extra efforts to assist in the conservation and management of the

SANREM CRSP FY 2009 Annual Report 31



forest, including use of energy-saving stoves and restrictions on the sale of wood products. The
site may hold lessons for developing similar successin other forests.

The Kenya team has also been involved in piloting an educational program in schools, starting with
several schools adjacent to the Ramogi Hills, Kakamega, and Mau forest sites, to raise awareness on the
importance of forest conservation. Children planted indigenous trees, and established a nursery to raise
thousands more. They hope to expand the program to schools across the country in the future.

Mexico. Data from the national survey of 146 forest communities showed two clear tendencies. From
1994 to 2000, forest production grew by 49 percent (from 6.3 million cubic meters of round wood to 9.4
million cubic meters). Five yearslater in 2005, timber production had dropped to the 1994 level. Thisloss
of wood production during the early 2000s occurred in the middle of a considerable increase in national
consumption of forest products, from 16.3 million cubic meters of round wood in 2000 to 27.5 millionin
2003 and 21.3 million in 2005. As a consequence, the deficit of forest products increased in volume
(+167%) and value (+222%) in spite of the relative monetary stability during this period (Ecosystem and
Policy/market level).

The data on the performance of the forest sector during 2000-2005 reflects an important |oss of
community capacities to produce raw materials and value-added products, during a period of remarkable
growth in public investment in the forest sector. The budget analysis of public funding highlights some of
the reasons for policy failures: 60 percent of the resources were invested in reforestation and plantations
based mostly on top-down approaches, with little attention to the development of planning, management,
administrative, and productive local capacities. Given an increasing national focus on restoration and
conservation and because the mgjority of forestsin Mexico are collectively owned, afailure to provide
additional training and advice to forest communities could both further marginalize these communities
and undermine the likelihood that these policies will succeed.

The national survey identified some of the main challenges faced in achieving sustainable forest
management arrangements:

¢ Rights holdersin the mgjority of gidos are aging, and the generational replacement required for
forest protection and community entrepreneurship is under threat in the magjority of forest
communities.

e Tenure conflicts are frequent and have pervasive impacts on local peace and on forest areas.

e Poverty iswidespread, and the income alternatives of forest populations are poor and often not
compatible with the conservation of the forest cover. Thisis particularly true for those forest
ecosystems with the highest biodiversity.

e Therearefew incentivesto sustain and develop local ingtitutions.

e Forest communities are facing alossin productive capacity, and are becoming less able to
compete in today’ s open markets. Most of these challenges have not been addressed by any
public program; those that have tried to support local institutional and production capabilities are
marginal in financia and political terms.

Social organization has not been perceived as a key resource by mainstream forest and environmental
policies; on the contrary, policies have often negatively impacted community organizations because they
disregard local collective property arrangements and the potential advantage of groups with communal
social capital for sustainable forest governance. The results from the national survey in Mexico show that
the communities with stronger organizations are also those with the more intense protection and
conservation activities. Communities with developed and successful forestry experiences constitute alow

SANREM CRSP FY 2009 Annual Report 32



percentage of forest communities, but their presence and success express the viability of community
forestry asadriver of local economy in forest regions.

Bolivia. Researchers focused their final months of work on the preparation of numerous papers. They also
participated in a national workshop on indigenous territories and forest valuation, and junior researchers
received certificates from the Latin American Council of Socia Sciences. Findings show alow level of
efficiency in municipalities involved in forest management. The municipal governments have constructed
infrastructure (including roads, drinking water systems, and electricity) in some areas but are largely
absent in terms of forest sector activities. The Forest Superintendence, charged with fulfilling the goals of
the forest law, islargely absent as well (Policy/market level).

As part of the closing activities of the project, Bolivia hosted both a community exchange meeting and an
exchange meeting with researchers from Mexico, held in series at the end of September. The community
meeting was attended by 13 representatives from six of the Bolivian communities studied during the
course of the SANREM CRSP grant, each having the opportunity to build additional capacities aswell as
share experiences with other communities.

Representatives presented the detail s and challenges of forest management in their community and
compared their experiences with those of other communities. All attendees learned about the design
principles articulated by Elinor Ostrom and were asked to apply these concepts to their own communities,
followed by ageneral discussion. All communities received folders describing the physical, human,
social, and institutional conditions of each community and the team’ s findings in their communities.

This community meeting was followed immediately by the exchange meeting with the Mexican research
team and Bolivian community representatives. Both teams presented on the conditions and findings in
their communities. Twenty additional participantsjoined in this meeting.

Degree and non-degree training activities

In total, over the course of the project, partners have trained 1,468 men and 1,251 women from numerous
backgrounds and on numerous topics. All of these individuals were trained in host countries. Participants
ranged from user group members and community-based organizationsto local officials, national-level
officials, and NGOs. In addition, the project supported 8 degree program students (4 male, 4 female).

Publications, presentations, other products

Over the course of the project, we have produced 1 dissertation, 6 reports, 10 papers, 10 presentations, 5
abstracts, 3 fact sheets, 2 research briefs, and 2 newsdetter articles that were made available on the SKB.
Other materials will be entered as soon as they become available.

Networking activities

In Kenya, an IFRI regional training was carried out, and participants from different organizations and
universities in Kenya and Tanzaniawere trained on the IFRI methodology and IFRI data management.

In Bolivia, the research team participated in a national workshop on indigenous territories and forest
valuation for sustainable forest management and certification, held in Santa Cruz. The team also hosted
the exchange workshop described above, attended by representatives from NGO Jatun Sach'’ a, the Forest
Superintendence, the Ministry of Rural Development, and others.
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In Mexico, SANREM CRSP support was provided by the Instituto de | nvestigaciones Sociales of
Universidad Nacional Auténoma de México (UNAM), enabling Co-PI Leticia Merino’s participation and
giving access to office space, computers, and vehicles for field work. The National Forest Commission
(CONAFOR) and the Community Forestry Project (PROCY MAF) have supported training activities with
communities. Two NGOs, Grupo de Estudios Ambientales (GEA) and Grupo Auténomo parala
Investigacion Ambiental (GAIA) also supported one of the training activities.

In Uganda, partners produced a DV D addressing forest policy and community forest management issues.
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Developing a Participatory Socioeconomic Model for Food
Security, Improved Rural Livelihoods, Watershed
Management, and Biodiversity Conservation in Southern
Africa (LTRA-2)

Principal investigator: Alex Travis, Assistant Professor, College of Veterinary Medicine, Corndll
University

Host country: Zambia
Research team:

e Cornell University: Alfonso Torres, College of Veterinary Medicine
e Wildlife Conservation Society-Zambia: Dale Lewis

Research strategy and development objectives

Our project design used biophysical and social science research to test and optimize a private enterprise
economic model known as Community Markets for Conservation (COMACOQO). Thismode! links
improvements in food security and rural livelihoods to SA and NRM practicesin the Luangua River
Valley, Zambia, with an overarching goal of conserving native biodiversity. This section provides a brief
introduction to the problems that currently exist, and then gives a schematic representation of how the
COMACO model attemptsto alter SA and NRM practices to improve food security and livelihoods of
stakeholders and to protect wildlife.

Current practices in the absence of COMACO

Inconsistent rains and sub-optimal farming practices limit crop production, and lack of access to markets
limits income. In combination with the lack of a developed non-farm economy, these factors leave the
inhabitants of the Luangua Valley highly susceptible to chronic poverty and food insecurity. Cash crops
such as cotton and tobacco offer better short-term returns and are actively encouraged by large-scale
outgrower schemes intended to provide regional economic assistance. Unfortunately, when cultivated
under current practices, these crops typically mine nutrients from the soil, leading to increased land
clearing (deforestation) without producing more food.

Poor livestock management, the presence of a number of serious animal and human infectious diseases,
and arange of social and gender issues also contribute to food insecurity and low household income. Of
food-insecure families, surveys found that 42 percent adopted the strategy of illegally killing wild animals
so that they could barter the game meat for produce. This limits the development of other economic
opportunitiesincluding existing safari and ecotourism markets that are a major source of income for
communities and the federal and regional governments. Figure 4 describes how unsustainable agricultural
and natural resource management practicesin the Luangua Valley create avicious cycle that ultimately
results in widespread poverty and hunger.

COMACO seeksto improve biodiversity conservation through improvementsin food security and
livelihoods. This community-owned enterprise implements sustainable agricultural practices at the level
of individual farms using extension support, marketing, and pricing strategies organized around
COMACO'sregional trading centers to increase small stakeholder profits. Figure 5 shows how this model
attempts to make improved agricultural and natural resource management strategies sustainable by
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directly linking them to improvements in food security and rural livelihoods. Conservation of biodiversity
resources leads to expanded economic opportunities such as honey production, improved fish yields, and
consumptive and hon-consumptive ecotourism.

Figure 4. Unsustainable agricultural production and NRM systems in the Luangua Valley

Figure 5. The COMACO model
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SANREM-CRSP research. Scientists from Cornell University, in conjunction with partners at the
University of Zambia (UNZA), Zambian Wildlife Authority (ZAWA), Tropical Soil Biology and Fertility
(TSBF), International Rura Poultry Centre (IRPC), and the Conservation Farming Unit (CFU),
performed socia and biophysical research to test the COMACO model that led directly to development
impacts, improving the function of the model and building host capacity.

Overall hypothesis. A market-driven, community-based model designed to improve food security and
rural livelihoods will lead to sustainable watershed and biodiversity conservation on aregional scale when
based on environmentally and economically sound practices.

Note. Because the model is continually evolving, success or failure of the model as awholeis difficult to
quantify beyond documenting its expansion, now more than 40,000 participating households, and its
progress toward economic self-sufficiency. Rather, we test specific hypotheses and provide exampl es of
how multidisciplinary research can affect poverty alleviation, food security, and biodiversity
conservation.

Research progress by objective

Objective 1. Determine the extent to which the COMACO model can be
economically self-sustaining and the effectiveness of the different COMACO
model components.

Critical research accomplishments

As noted in the executive summary, a highlight of our work was the formulation of a spreadsheet-based
model for monitoring sales and volume figures for the variety of value-added products and commaodities
that COMACO buys, produces, and sells. This analysis shows that COMACO continues to be far from
fiscally self-sufficient, largely due to its rapid expansion. Two new CTCswere built and will become
operational for the next harvest (Nyimba and Chama, May 2010), at which time they will begin to
produce revenue. Additional new CTCs are being built on the western plateau in Serenje and Chinsali,
though these are farther from becoming operational. Improving scale will ultimately assiss COMACO in
securing larger contracts for its products, but rapid expansion does impart business risks to the “ltswild!”
brand if there are notable variationsin quality or uniformity between products from the CTCs. However,
the increased scale of production opens new opportunities beyond value-added products, for COMACO
has now entered African commaodities markets (e.g., two 100-ton consignments at a price of 1,800,000
Kwacha ($374 USD) per ton).

SANREM CRSP researchers performed the first business economic analyses of COMACO. This work
helped COMACO staff understand the profits and costs associated with each specific activity. This
insight into the business helped staff members understand the importance of scaling up the production of
value-added products, the importance of large and stable (predictable) contracts and accessto larger
markets, and the importance of transportation costs. This latter point was one of several important factors
that resulted in the relocation of the Feira CTC to Nyimba.

Building on food science research and capacity building and, of course, cognizant of critical support from
the Royal Norwegian Embassy to COMACO, our economic research has helped document and foster
tremendous increases in production scale, product diversity, and revenues generated by the large contracts
that COMACO was able to procure. For example, in the last six months, COMACO had atotal of
2,623,753,458 Kwacha ($545,128 USD) in sales revenues. Although costs have multiplied tremendously
during thistime for the expansion and construction of new and existing CTCs, thisincrease in sales
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revenues shows the tremendous growth of the business versusits inception afew years ago. This has
trangdlated directly into improvementsin rural incomes and food security for the most impoverished
farmersin Eastern Province, Zambia, that COMACO benefits.

In addition, our historical cost analysis helped identify the capital investments needed to launch aregional
trading center, which is crucia since the model is now expanding to the north and west with new trading
centersin Nyimba, Chama, Serenje, and Chinsali, and possible international expansion into Malawi.

Finally, SANREM CRSP researchers were instrumental in the identification of COMACO activities that
could enable access to global carbon markets, potentially providing a new source of revenue to establish
premium pricing that encourages sustainable agricultural and natural resource management practices.
Specificaly, the economic analyses and observations identified a potential opportunitiesto derive profit
from soil sequestration and reforestation associated with conservation farming activities. Thisyear alone,
COMACO isestimating planting 1.1 million Faidherbia albida seedlings (grown in COMACO producer
group leader nurseries) and 3.0 million Gliricidia sepium that would be eligible for such markets.
Building on SANREM CRSP research with non-SANREM CRSP funding, Cornell researchers continue
to work with COMACO to perform the modeling and project design and devel opment required to access
global carbon markets. Revenue from carbon markets could help cover the “ conservation dividend”
(premiums for complying with best practices) that could sustain the use of these practices.

Devel opment impact

e SANREM CRSP economic research and capacity building have resulted in accel erated adoption
of business methods and accounting (e.g., Lusaka headguarters now receives daily sales reports).

e Financia anayses and modeling demonstrated the impacts of transportation costs and the benefits
of value-added food products (hel ping change the location of the third CTC from Feirato
Nyimba).

e Financial models can be used as an instrument for COMACO to adapt business, marketing, and
pricing strategies into the future.

e Historical analyses of CTC costs were used to help prepare budgets for the new CTCsin Serenje
and Chinsali, and potential new CTCs if the model isreplicated in Malawi.

e For development practitioners and agencies such as USAID, our economic research provides the
information necessary to replicate the COMACO model in other areas; costs for building,
equipping, and staffing aregional trading center and what components of the model could allow it
to prosper under different circumstances.

Objective 2. Identify and integrate new technologies into the COMACO
model to improve its profitability, food security, and rural incomes.

Critical research accomplishments

This objective includes three main components: soil/crop sciences, food sciences, and veterinary sciences.
Progress was outstanding on al three fronts, with al meeting and/or surpassing the goals established in
theinitial proposal.

Soils

SANREM CRSP research investigated the effects of climate (rainfall, temperature), soil properties
(texture, carbon, pH, nutrients), and landscape position on crop yields through conservation farming. We
covered the three agro-ecozones in eastern Zambia, which are widespread across southern Africa, so that
our work will benefit farmers within and beyond the Luangwa Valley. We determined that individual
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asgpects of conservation farming do not provide the same benefits as biochar and mineral fertilizers, and
that conservation farming is practiced differently by many farmers. We also found that conservation
farming is suitable for improving productivity in higher rainfall areas. Thisinformation will be important
for extension officers who focus their efforts on maximizing crop yields through improved farming
technigues. In the long run, thisinformation is also essential for predicting the effects of climate change
on farm production, and developing policy to mitigate these changes. For example, our dataimply that
with decreasing rainfall, a consequence of climate change, yields would be significantly affected in this
region, impacting food security and rural livelihoods.

On-going soils and crop research includes the following:

e Multivariate analyses were performed to discern the benefits of various soil amendments and
farming practicesin light of different rainfall, slope, and soil types.

e Soil samples are being analyzed for mineral and nutrient composition resulting from different
farming practices.

e False chronosequence data continue to be collected in the current harvest season.

e Soil samples were collected and submitted for analysis as part of the cross-cutting metagenomics
activity led by SANREM CRSP collaborator Karen Garrett.

Food sciences

SANREM CRSP research had a dramatic impact on COMACO' s production of value-added food
products, directly building capacity, and directly improving food security and rural incomes. SANREM
CRSP food scientists made key recommendations to improve the processing facilities and food handling
methods. These suggested changes were immediately adopted, significantly improving product safety.
SANREM CRSP researchers then held aworkshop that included both theoretical and hands-on training in
safe and hygienic food production, which alowed COMACO’ s facilities to passtheir certification and
quality assurance testing, leading directly to alarge contract for High Energy Protein Supplements
(HEPS) with the WFP and Catholic Relief Services (270 ton at $350 USD/ton). HEPS is akey product in
the treatment of malnutrition and for those afflicted with HIV/AIDS. Previously, HEPS had to be
imported at great cost. Now, COMACO’ s farmers can meet this critical need locally and simultaneously
increase their own food security and family incomes.

SANREM CRSP research on peanut butter processing and formulations led to an improved product with
reduced oil separation and improved packaging to increase shelf life. Rice breakage was reduced, and
new products are being researched to utilize rice that does break. Both of these improvements increased
profitability and food security. The impacts of SANREM'’ s food scientists led COMACO to appreciate
the need to build capacity in food sciences and they hired a Zambian food technologist, Jimmy Chikahya,
who now provides oversight of food production training and new product development. The project also
established communication between COMACO and the University of Zambiafor product testing and
quality assurance.

Cornell food scientists established contact between COMACO and international food-processing
company General Mills. During their site visit, specialists from Genera Mills were impressed with the
quality of COMACO’ sfood processing facilities, which isin part aresult of the activities of this project.
Asaresult of thevisit, Genera Mills donated an extruder to COMACO and trained, at its own cost,
COMACO'sfood processing speciaist and a Cornell master’ s student at one of the company’ s facilities.

The General Mills partnership is a significant boost for COMACO’ s value-added processing capacity and
is expected to boost COMACO revenues significantly. For example, COMACO has expanded its sales to
regional hospitals and is beginning to sell to local schools. About 60 percent of COMACOs value-added
products are now used within Eastern Province itsalf, providing local benefits and unknown cost savings
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over importation of these products. In addition, these activities reduce the carbon footprint versus
importing and enhance the long-term livelihood of COMACO participants.

Overal, these activities and achievements will enable COMACO to increase export markets and develop
new value-added products with longer shelf lives under the difficult local environmental conditions.
Specific accomplishments include:

e providing theoretical and hands-on training on basic food hygiene and good manufacturing
practices for the COMACO production staff,

e testing the efficacy of hand washing training with fluorescent “Germ Glo” reagent,

e introducing swipe kit testing for microbial pathogens, including Salmonella spp and Eschericia
coli, and using those kits to test the efficacy of training on the hygienic maintenance of
preparative surfaces and instruments,

e providing COMACO with electronic and printed materials for future in-house training on food
safety and personal hygiene identifying and correcting some of the problems encountered in their
food processing facility,

e assistance in developing new products, including soy milk and tofu, and providing COMACO
personnel with suggestions for the utilization and commercialization of new products,

e creating and testing a honey roasted peanut product and energy bar prototypes, experimenting
with extrusion using a modified dye and alternate feed formulas to produce a puffed rice product,
and producing chicken and ruminant feed using production waste such asrice hulls,

e establishing a COMACO product development laboratory consisting of aworkplace for cooking,
aswell aslab space for basic procedures such as moisture analysis, pH, solids content, and water
activity,

e providing the CTCswith necessary instrumentation and training for quality control monitoring of
products,

e identifying improvementsin systemsto better control the processing of raw material to value-
added products including inventory control forms for raw materials and products, development of
incident report log data sheets, development of spoilage and loss reports to better track
performance, creation of specification sheet templates for each product, and improved COMACO
extruder systems by adding water pumps, feed rate meters, and a new water holding tank, which
should improve the quality of extruded products by allowing more control over the process,

e improving marketing of value-added products,

e attracting leveraged resources for COMACO through the General Mills Foundation who made
significant contributions to the projects by (1) donating a second extruder for the CTC to enhance
processing capacity, and (2) enhancing the local knowledge and skill base in food processing and
product development by providing training in the company’s U.S. facilities for COMACO food-
processing speciaist Chikahya and Cornell master’ s student, Colin Seeley.

Veterinary sciences

SANREM CRSP researchers identified that more than 80 percent of poultry were dying before sale or
consumption, leading to extremely low returns from an activity practiced by the mgjority of rural
households. Research identified the causes of mortality, which led to recommended improvementsin
roost design and husbandry. These changes were taught to thousands of villagers by SANREM CRSP
veterinary researchers, and thistraining is being continued by COMACOQO' s extension officers. Husbandry
changes alone were able to improve production by about 50 percent.

However, even with improved husbandry, Newcastle disease virus was still endemic and devastating the

flocks of entire villages (a major reason why improved practices had not evolved previously). Partnership
with the IRPC led to a vaccination program mounted by community vaccination teams. Tens of thousands
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of chickens were vaccinated, and off-take and census data are being collected and analyzed to determine
whether this vaccination program can be economically self-sufficient. If so, it would provide increased
food production and nutrition, an additional income source, and livelihoods for the vaccinators.

Specific accomplishments included:

e Participatory and observational research to define husbandry practices for household poultry and

goat production.

Determined that goat and poultry mortality were 67 and 80 percent prior to sale or consumption.

| dentified improvements in household husbandry practices to increase returns.

Trained thousands of rural farmersin improved animal husbandry practices.

Trained COMACO’s extension officersin basic poultry and ruminant examination and

management.

Produced husbandry manuals for improved poultry and goat production.

e Produced atraining manual on “training the trainers’ for implementing successful field days on
animal husbandry.

e Confirmed that Newcastle disease virus as a mgjor, endemic cause of poultry mortality.

e Ingtituted with IRPC and WCS AHEAD a community vaccination program involving the
formation and training of community vaccination teams (one man and one woman per team).

e Established data collection on flock size, mortality, sale, consumption from vaccinated and
control villages in conjunction with the three vaccination cycles ayear.

Supporting technology

Broadband internet access was established at two locations by satellite linkage using SANREM CRSP
funding. This technology leap facilitates research communications between COMACO staff in the field
and staff at the Lusaka headquarters, and COMACO staff and Cornell researchersin the field with
partners at Cornell as well as around the world. This access saves innumerable hours of travel and
thousands of dollarsin fuel costs alone because staff previoudy had to drive for 30 minutes to the Mfuwe
airport to send e-mails and for web-based phone calls.

Devel opment impact

e Established benchmark maximum maize yields for different agro-ecozones that will provide a
barometer of success of conservation farming methods, impacting the evolution of conservation
farming practices and training.

e Improved COMACO’s physical and human capital host capacity in terms of safe and hygienic
food production.

e Reduced COMACO’ swastage of rice and peanuts during food storage and processing.

e |Improved the variety, quality, and shelf life of COMACO' s value-added products, which
contributed directly to new products, new markets, increased profitability, and premium pricing
provided to farmers to maintain compliance with SA and NRM practices.

e Developed amanual of standard operating procedures and best practices, which provides a
framework for continued success for safe, hygienic and profitable food production.

e Improved household poultry production throughout the target population (goats to alesser extent
because of more regionally specific goat production areas).
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Objective 3. Determine the extent to which the COMACO model provides
self-sustaining social institutions and meaningful roles for COMACO
participants.

Progress on aspects of this objective was delayed due to unanticipated personnel issues. However,
additional funding was leveraged to perform anew social survey to address issues of food security,
effects on household income, technology adoption, and gender. In addition, new efforts are being made to
evaluate health benefits attributabl e to the model.

For COMACQO' s activities to be sustained, they must provide tangible advantages to the participants.
Socia data continue to be collected to evaluate the impacts on income, nutrition, health, gender equality,
and natural resource management practices. If COMACO is not having its intended social benefits, then
policy changes can be made to improve the COMACO model.

One very positive finding is that COMACO is gender neutral in terms of the pricesit provides male
versus female farmers for the same products. Thisis especially important given the high percentage of
families run by asingle female head of household. SANREM CRSP socia research has brought gender to
the fore, resulting in new appreciation that has impacted COMACO staffing practices. For example,
before the start of the SANREM CRSP project, there were no female extension officers. Now, gender is
strictly balanced in vaccination teams. Social science research must continue to assessif COMACO is
having its desired impacts.

Critical research accomplishments

e A socia science survey was designed and implemented. Data are being analyzed to determine if
household incomes and/or food security are improving (part of a“value of statistical life”
analysis).

e Datawere collected from community health centersto quantify potential health and livelihood
benefits of COMACO activities. Datais being analyzed to determine if health of COMACO
participants isimproving.

Development impact

We do not yet know the full development impacts of the social research. However, preliminary analyses
show that sustainable agriculture technologies introduced into the valley by COMACO are being utilized
by many non-COMACO households. Although the potential extent and impact of this technology
adoption are an unexpected benefit of the model, the scope of the impact confounds attempts to quantify
COMACO's effects on food security by comparing COMACO versus non-COMACO households.

Additional social benefits that were revealed on a preliminary basis include the scope of
extension/outreach education and the gender neutrality of the payments at the local depots. The gender
sensitivity of crop selection and training and equivalent access to markets could represent noteworthy
social successes of the model since the percentage of households headed by single women is growing due
to male exodus to more urban areas for employment and because of changing demographics due to
HIV/AIDS and related infectious disease.
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Objective 4. Determine the extent to which the COMACO model improves
biodiversity and watershed conservation.

Severa areas of SANREM CRSP research are having direct impacts on multiple stakeholders. The results
of a“willingnessto pay” survey of foreign tourists will help the Zambian Wildlife Authority (ZAWA)
understand the value tourists place on varied species of wildlife and particular conservation efforts. The
survey results can also help ZAWA adjust park entrance fees, publicize the presence of different non-
game species, and promote specific activities.

Wildlife data have documented the large impact COMACO has had on stabilizing numbers of hoof stock
in the COMACO core arearelative to controls. These datain turn will allow scientists and wildlife
managers to assess whether or not animals will move back into areas they inhabited prior to extermination
by poaching. Thisinformation will be valuable to the Zambian government as they set new wildlife use
policies. The results of COMACQO' sindirect approach to biodiversity conservation will also be useful to
the Wildlife Conservation Society (COMACO' s parent organization) and other wildlife preservation
organizations in designing future conservation programs. Additionally, aerial counts of Africa’ s largest
hippo population show species numbers and map their distributions. These datawill provide a critical
picture of this population asit faces increasing pressures from siltation and changes in river morphology,
and increasing conflict with local fishermen and farmers due to net destruction, attacks, and crop
predation.

Watershed analysis has shown that clearing of forests on the slopes (escarpment of the Luangwa Valley)
has the greatest potential to increase runoff and siltation. This is valuable information because the clearing
of forests for cotton and tobacco farming and charcoal production is intensifying. Thisinformation
provides federal and regional government officials, as well astraditional rulers, with key insightsinto
how they should develop land use strategies to avoid del eterious downstream effects.

Critical research accomplishments

e Completed awillingness-to-pay survey of tourists visiting Luangwa Valley’s national parks.

e Instituted controls for collection and validation of data from wildlife aerial surveysto assess
impact of COMACO on wildlife populations.

e Expanded yearly aerial surveysto avalley-wide scope.

o Performed aeria survey to quantify hippo population in the Luangwa River.

e Collected data on guns and snares collected from participating COMACO households and the
number of poachers who have completed COMACQO'’ s Poacher Transformation Program.

e Collected proxy datato evauate the impact of COMACO's attempts to alter consumptive wildlife
practices, including surveys of safari hunters and data from ZAWA anti-poaching patrols, e.g.
number of snares encountered, number of poachers encountered/arrested, number of poached
elephant carcasses found.

e Collected datafrom satellite images and evaluated canopy loss and bushfire incidence.

Devel opment impact

e Willingness-to-pay survey data can assist ZAWA officers with structuring national park entrance
fees that include the cost of species management plans.

e Wildlife surveys document success/failure of model at stabilizing wildlife populationsin the
Valey Game Management Areas. Wildlife populationsimpact the marketing and success of
COMACOQO'’ s ecotourism business arm, the community Bush Camps.
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Degree and non-degree training activities

Two African women will be completing PhDs and 10,768 men and 10,996 women participated in short-
term training events. The vast majority of the short-term trainees were involved in field days promoting
either the prices and marketing opportunities that COMACO provided or improved conservation farming
practices.

Publications, presentations, other products

One book chapter, two extension publications, a fact sheet, a professional report, four magazine and
newspaper articles, 15 electronic publications, four posters and eight papers were published or presented
in FY 2009.

Networking activities

Networking activities are too numerousto list in full. Key relationships that arose as aresult of SANREM
CRSP research and key meetings that improved communication flow with government officials are
highlighted.

e Long-term relationship between COMACO and Nyambe Lisulo-Mkandawire of the University of
Zambiaregarding food quality and safety testing.

e Long-term relationship with Genera Mills, by means of Carmen Moraru with Sheri Schelhaas
and John Mendesh.

¢ Relations between COMACO and ZAWA that has trand ated into a data sharing partnership with
SANREM CRSP researchers.

e Pl Travisdiscussed COMACO and SANREM CRSP research with the Zambian ambassador to
the United States, Inonge Mbitkusita-L ewanika.

e SANREM CRSP researchers met with WFP Logistics Officer Felix Edwards to facilitate the
stepsinvolved in COMACO' s production of HEPS for WFP purchase.

e SANREM CRSP research on goat production was facilitated by information from Harrison
Chitambo, Francis Mulenga, chief veterinary officer of the Ministry of Agriculture and Barnabas
Chitalu of Heifer International.

e Pl Travis met with USAID Mission Director, Melissa Williams and the Economic Growth Team
in Lusaka. Updates were given on the scope and impacts of SANREM CRSP research and the
current status of COMACO’ s business, social, and environmental activities. New possibilities for
future synergies were identified.

¢ A magjor workshop/conference was held in Chipata June 24-26, 2009. Attendees included Eularia
Siamujaye, permanent secretary of Eastern Province, Kennedy Kanenga, a scientist at Msekera
Research Station, Sitali, district veterinary officer, Chindauka, district forestry officer, Lusizi
Mwale, ZAWA area manager, and Ballard Zulu, acting USAID Zambia team leader for economic
growth.
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Watershed-based Natural Resource Management in Small-
scale Agriculture: Sloped Areas of the Andean Region
(LTRA-3)

Principal investigator: Jeffrey Alwang, Professor of Agricultural and Applied Economics, Virginia
Tech

Host countries: Bolivia, Ecuador
Research team:

e Virginia Tech: George W. Norton and Darrell Bosch, agricultural and applied economics; Mary
Leigh Wolfe, Brian Benham, and Conrad Heatwole, biological systems engineering

Penn State: Paul Backman, plant pathology; Jonathan Lynch, horticulture and plant nutrition
Florida A& M: W ills Flowers, entomology and biocontrol

University of Denver: Sarah Hamilton, international development and gender analysis
INIAP/Ecuador: Victor Barrera, Carlos Monar, Elena Cruz, Luis Escudero
ECOCIENCIA/Ecuador: Adriana Cardenas, Juan Calles

Sigagro/Ecuador: Carlos Montufar

PROINPA/Balivia: Ruben Botello, Nadezda Amaya, llich Figueroa

PROMIC/Bolivia: Omar Vargas, Ana Karina Saavedra

Research strategy and development objectives
Introduction

LTRA-3, “Watershed-based Natural Resource Management in Small-scale Agriculture: Sloped Areas of
the Andean Region,” addressed an important problem: households and communities in environmentally
fragile Andean Region areas need aternatives to strengthen economic vitality through more productive
livelihoods while ensuring environmental sustainability and social development. Our overall goal wasto
enable and support local capacity to plan policies and interventions to raise incomes, improve social
conditions, and protect and improve the environment in Guaranda, Ecuador, and Tiraque, Bolivia. The
project had four main objectives.

e Objective 1. Identify economic, social, poalitical, and environmental conditions in the watersheds
and understand the determinants of these conditions.

e Objective 2. Generate and validate environmentally sustainable aternativesin order to improve
production systems and enhance income generation.

e Objective 3. Create ameans of evaluating the impacts of alternative actions, policies, and
interventions on income generation, and social and environmental conditions.

o Objective 4. Build loca capacity to evaluate policy aternatives, make and enforce decisions, and
strengthen social capital.

These research objectives helped us attain our development objectives: (i) more effective management of
natural resources and sustainable use of natural resourcesin Chimbo, Ecuador, and Tiraque, Bolivia; (ii)
diversify economic activities through alternative natural resource-based livelihood strategies; and (iii)
build social capital, enhance local governance, and contribute to economic and socia stability in resource-
degraded, relatively remote rural areas.
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Conceptual framework and research components

The conceptual framework underlying our research program involved several components but was built
on alivelihoods approach to understanding human decisions. In this framework, household decisions are
determined by the household’ s asset? (or capital) base; available alternatives; the institutional, policy, and
socia environments; exposure to risks and access to information; and the natural environment (Figure 6).
Househol ds all ocate assets among activities in order to meet an objective (utility maximization, profit
maximization, risk minimization given levels of incomes, long-term well-being). These activities are
bundled into alivelihood strategy. In our research program, household decisions about livelihoods, use of
natural resources, and investments in natural resources were investigated. Particular attention was devoted
to identifying the determinants of household decisions and how local actions, such as policy changes,
local land use plans and restrictions, and changes in incentives such as market prices affect these
decisions. Thisinformation was produced as a part of a participatory research approach whereby
stakeholders and users of the information were engaged from the start. In our case, some of this
participation was found to be a critical determinant of uptake of research results. The research themes
and, in some cases, the research designs were informed by and altered as aresult of stakeholder input.

HH’s Environment
=Assels
=Altematives
=nstituions
=Natural Environment

HH Objectives
*Well-being
*Risk
=Environmental Quality

Individual HH Decisions impacts/outcomes
*Production System "Asset Investments
=Environmental Quality

Figure 6. Household decisions and impact

Household decisions have impacts on outcomes including household wellbeing, the ability to save and
invest (impacting the future asset position), and the natural environment. We experienced two broad types
of impacts resulting from policy or ingtitutional innovations in the watersheds: changes in household
wellbeing and asset position, and impacts on soil quality and quantity, biodiversity, runoff, and water
quality. The latter impacts continue to be felt at the field and farm level, but due to geographic inter-
linkages implied by the watershed, they are aggregated to the watershed level. Some local actions have
impacts on alarger scale (run-off into the river, carbon sequestration).

2 Assets are broadly defined to include financial assets (savings, access to credit), physical assets (ownership of farm
equipment, other productive and non-productive durable goods), human capital (number of family members, levels
of education, work experience), natural capital (accessto land, quality of land, access to woodlands, water),
location-specific capital (access to roads and markets, electricity, cellular services), and political and socia capital.
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Acceptance of the validity of model findings requires the buy-in of stakeholders; this buy-in was obtained
by involving stakeholdersin field research, model, and scenario development. We compared and
contrasted the predictions from our mathematical models with more simple approaches used by local non-
governmental organizations (NGOs) and the perceptions of local stakeholders. We found fairly solid
correspondence, building confidence in our approach to adaptive watershed management.

The watershed management approach (Figure 7) is an adaptive management technique for achieving
water quality and other environmental and economic goalsin areas defined by watershed boundaries.
Watershed boundaries are used because peopl€' s livelihoods are intimately tied to the integrity of water
resources, previous cooperation on the management of water resourcesis likely, and cooperating on water
resources issues often leads to development of skills and cooperation needed to successfully address other
development needs. The approach utilizes activities such as monitoring, data analysi s/assessment,
planning, and implementation according to a set schedule (e.g., monitoring in Year 1, data
analysis/assessment and modeling in Y ear 2, plan development in Years 2 and 3, and implementation in
Years 3 and 4). This cycle continues using adaptive management to achieve existing and new goals as
they arise. Common elements of the approach include:

Definition of management units: large, small, or multiple watersheds.

Definition of management cycles: time required to complete monitoring, assessment, planning,
and implementation cycle (typicaly four to five years).

Stakeholder involvement: agencies, organizations, and individuals interested in water quality,
ecosystem health, economic objectives, and management strategies are included in watershed
management activities.

Strategic monitoring: water quality, ecological health, and economic indicators are monitored to
measure the extent of problems and the stressorsinvolved.

Assessment: data analysis and professional judgment are used to identify problems, sources, and
stressors; water quality, environmental, and development goals are integral to assessments
because they reflect criteriafor achieving desired goals.

Prioritization and targeting: areas within watersheds are ranked according to resource value,
magnitude of problems, and other factors; specific sites are targeted for special management
attention.

Development of management strategies: realistic goals are set for the watershed, and management
strategies are then devel oped before allocating scarce resources.

Watershed plans: these plans document the assessment results, goals, and chosen management
strategies for the watershed; the plan helps educate the public on watershed-specific issues.

I mplementation: selected management strategies are implemented and tested.
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Figure 7. Adaptive watershed management

Methods and research components

Research activities were divided into five categories roughly corresponding to research objectives 1-4.
Activitiesinvolve a number of scientific disciplines—soil science, agricultural engineering, geography,
plant pathology and agronomy, socioeconomics, ecology and biology—and in most cases the work is
transdisciplinary in nature. For example, social scientists and agronomists identified agronomic
constraints faced by stakeholders; research was then designed with stakeholder input to address these
constraints, but with input from social scientists and biosystems engineers who will use the research
output for their modeling efforts. A schematic of the linkages among the different research componentsis
presented in Figure 8.

Data generation

We invested significant resources into describing economic, social, and physical characteristics of the
watersheds. This information was incorporated into a geo-referenced database. Some of this description
was used to create an information baseline from which comparisons of changes can be made over time
(e.g., socioeconomic baseline, assessment of biodiversity, aggregate information on soil 1oss and soil
productivity). Some was used to better inform watershed decisions (particularly the socioeconomic and
geographic information). It was also used to build our three basic models: (a) models of physical
production (soil and environmental attributes, productivity); (b) models of household decisions (using
data from socioeconomic baseline surveys plus geo-referenced data on agro-climatic conditions and
distances to markets); and (¢) models of physical impacts of individual and aggregate decisions (the
relationship between activity on the landscape and outcomes such as aggregate soil |oss, runoff, water

quality).
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Figure 8. Linkages among research activities

Deter minants of household decisions

This research component used information including livelihoods and outcomes, agro-climatic data, access
to infrastructure, and the risk environment. We employed two broad means of modeling household
decisions; a positive analysis using econometric technigues in a two-stage process and a normative
analysis using partial budgeting techniques to evaluate the economic attractiveness of alternatives. To
analyze livelihood adoption decisions, we used atwo-stage technique. In the first stage we estimated the
determinants of livelihood adoption using a multinomial logit econometric model; in the second stage we
estimated the wellbeing impacts of this adoption, conditioned on the adoption decision. This positive
analysis was used to determine how households respond to changes in the physical, institutional, and
socia environment, and how these responses affect household wellbeing. It was also used to determine
the impacts of policy and institutional changes. The normative analysis incorporates information from the
econometric analysis (how households will be expected to react to changes), budgets on costs and
resource requirements of different activities, and market price information. It creates predictions of
responses to policy and other changes by representative household types (based on asset base profiles);
these predictions were aggregated and incorporated into the watershed model.

Identification of alternatives

This research generated information on improved production practices (new varieties, inputs and
management techniques), the relationship between practices and outcomes (income, soil loss, and on-farm
productivity), alternative production and livelihood activities, and obstacles to adoption of new livelihood
and production activities. We aso analyzed the functioning of agricultural product markets and barriersto
participation in different, often higher-valued markets. By identifying these barriers we could, together
with local decision makers, seek means of overcoming them, thus broadening participation and improving
incomes. We also conducted case studies of small-scale value-added processing activities, particularly
dairy and cheese processing in Ecuador.

Impacts on water shed scale

The inputs into the watershed models included some of the information described above. The models are
used to link field- and farm-level activities and aggregate outcomes such as water quantity and quality,
soil loss, sedimentation, and carbon flows. The models take information on the spatial distribution of
natural conditions, rainfall, and human decisions, and relate this information to aggregate outcomes. They
are used to simulate the aggregate impacts of alternative policies on outcomes of interest.
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Adaptive water shed management and stakeholder engagement

In order to build local capacity to use theinformation created through the economic and watershed
models, stakeholders were engaged in a participatory watershed planning process. This process began
with acommunity visioning exercise whereby problems and concerns along with objectives are identified,
moved on to training in watershed management techniques, used local stakeholdersto help generate
information, and compared scientific findings with the stakeholders' own perceptions about the
relationship between policies and outcomes.

Research activities were conducted in laboratories in Ecuador, Bolivia, in U.S. participating universities,
on-station, on farmer fields, and in participating communities. Physical science experiments were all
conducted under standard scientific norms with replication and randomization. Socia science activities
included quantitative data analysis using data from random surveys, budget and cost analysis, and
qualitative and participatory analysis.

Research progress by objective

Objective 1. ldentify economic, social, political, and environmental
conditions in the watersheds and understand the determinants of these
conditions.

Research to meet this abjective included collection and analysis of data on watershed characteristics
including agro-climatic and geo-physical conditions; household-level data on household characteristics,
assets, living conditions, and livelihoods; soils and their relationship to outcomes such as soil erosion,
nematodes and pathogens, and carbon retention; and environmental conditions. Datawere fed into aGIS
and used to model the watersheds.

Critical research accomplishments

e Completed GIS for each watershed. The GIS model includes information on soil characteristics,
slope and elevation, rainfall, land use, water resources, the transportation network, and other
infrastructure. Other variables are included depending on their availability. For instance, the
Ecuador GIS contains information on market |ocations, while the Bolivian GIS has information
on access to cellular telephone signals, distances to markets, and other variables. Our baseline
household survey data are included in the GIS for both sites.

e Documented the extent and severity of soil erosion in the region, with particular attention to
impacts on soil carbon retention, to understand the effects of land use on soil erosion, soil carbon
content, and soil productivity. For example, in Ecuador we know that the soils in the upper
watershed, although more highly proneto erosion, are far less degraded than the soilsin the lower
watershed. We used test plotsto measure erosion under different management practices. Several
practices such as grass strips and deviation ditches were found to be cost-effective and widely
accepted. As aresult, the project extended them to farmersin the Guaranda, Ecuador site.

e Evaluated the extent of adoption of conservation practices and found several controllable factors
to be associated with higher rates of adoption. For example, participation in research activities
was associated with more adoption, as was more available labor and more trust in the extension
technicians. We a'so find that adoption is much more frequent when the erosion control
techniques are packaged with other technol ogies that improve incomes (such as new varieties of
potatoes or more effective pest-control measures).

e Soil erosion rates were estimated using modeling and runoff plots.

¢ InBolivia, we documented that several species of hematodes cause damage to several of the most
important cash crops. Research plots evaluating biofumigant rotation crops were established to
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evaluate their impacts. We identified a number of promising controls that can also be used as
green manures and so enhance soil health. Biological control systems were evaluated with very
positive effects to control foliage pathogens in several key cropsin both Bolivia and Ecuador.

o I|dentified causes of water level and quality deterioration. In the Ecuadorian Andes, pressures
related to water are reflected by an increase in conflicts over water use and its pollution. In
Illangama, the main source of water is runoff from Chimborazo Mountain and the surrounding
paramos (highlands). In Alumbre, water supply and quality depend mainly on the remaining
forest. In both cases, human activities such as agriculture and livestock production have led to
pollution of the paramo and high deforestation.

e Created and applied a protocol for measuring and monitoring biological diversity. Despite
appearances, we found biodiversity in both Ecuador sites and in Boliviato be high. We engaged
schoolchildren in efforts to collect information on biodiversity indicators as a part of their
education. This recognition of biodiversity indexes was incorporated into local curricula.

e Established a monitoring system for aguatic biodiversity in Ecuador as a means of measuring
water quality. Identified indicator species and established a school-based monitoring system.
Water quality in theriversin our Ecuador siteisrelatively good, but several threats to that quality
were identified. The use of macroinvertebrates as indicator species appears to be justified.

e Monitoring and water-quality analysis results from BMWP/Col and ABI indexes, physical-
chemical parameters, and other indicators showed that water quality isrelatively good in the
study watersheds. The microbiological analysis found fecal contamination from human and
animal sources to surpass acceptable limits in most of the rivers tested. The presence of native
fish (Astroblepus sp.) and diverse macroinvertebrate communities, however, suggested that water
quality for non-potable usis acceptable in the area. However, deforestation is evident and could
affect water quality over time.

e Collected cost of production data and monitored product pricesin local markets. Prices and their
variability are critical determinants of profitability and livelihood success. Before the project no
information on cost of production or product prices was available to the researchers or decision
makers, and nothing was known about how prices vary over space and time.

e Completed and analyzed baseline surveys of socioeconomic data. We now have a solid
understanding of livelihood strategies, farming practices, income and wellbeing outcomes, and
gender relations for households in Ecuador and Bolivia.

e Characterized the extent and causes of erosion in both watersheds. The watershed in Ecuador is
experiencing a classic syndrome of soil resource degradation driven by uncontrolled deforestation
and crop cultivation in an area of high erosion risk without soil conservation. The high-altitude
soils of Alto Guanujo (the Illangama sub-watershed) are fairly resistant to erosion and appear to
be tolerating intensifying land use reasonably well. Thisresult is related to well-established
rotationsin the upper watershed. However, the older soils of Chillanes (the Alumbre sub-
watershed), many on slopes of 100 percent or more (i.e., a lope angle of 45 degrees or more) are
suffering degradation that has already reduced productivity. The region has experienced massive
deforestation over the past 40 years, resulting in loss of about 80 percent of the original forest
cover in areas around Chillanes. Farmers report that crop yields, which are only 5 percent to 10
percent of yield potential in this region, have dropped by half over the past 10 years. Fertilizer
costs are growing and already account for more than athird of production costs. Water has
become scarcer due to reduced water retention as well as reduced precipitation. This could be
related to deforestation, which reduces transpiration and total water retention in the watershed.
Sampling confirmed this analysis, with intensive cropping being associated with reduced soil
fertility and soil depth.

e Developed and evaluated a number of practices and technologies to address soil degradation.
These include use of cover crops, enhanced rotations, and soil erosion-control practices.
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Development impact

The GISisheing used for several purposes: establishment of abaseline and regular updating to
facilitate monitoring of change; data storage and management; visual presentation of research
results; ability to present data and research findings in visual fashion is expected to increase
research uptake. In addition, the use of GIS datato inform local decisions will help establish a
process of evidence-based decision making in areas where most public decisions are made
without good evidence of their impacts. We found that visual evidenceis a particularly useful tool
in presenting research findings to stakeholders, and the ability to visualize information has led to
increased uptake of research results (knowledge to action).

Biodiversity monitoring enhances the information about how actionsin the watershed affect
environmental outcomes. Participatory monitoring was used, and participation isincreasing local
awareness of biodiversity and its value. Even though the project has ended this phase, these
monitoring activities are continuing in both countries. Biodiversity indicators are now included as
apart of curriculum in schools.

Ability to monitor pricesin local markets enhances decision making at local levels. Individual
producers are now better aware of costs and potential profits. It is estimated (from our
econometric results presented more completely below) that increased information leads to welfare
gains of 10 percent to 20 percent for households in the watersheds. We have enabled more
informed actions on the part of individual decision makers.

Baseline surveys provide information about general socioeconomic conditionsin the area, how
people earn their livings, and can be used to monitor program impacts. This information will
increase efficiency in planning, and the use of hard information will enhance decision making.
Information on erosion sources and factors affecting water-quality degradation has already been
transmitted to policymakers. Local land use plans now encourage appropriate land uses,
especialy in fragile areas. Local governments are engaged in extending soil erosion control
techniques, and the national government in Ecuador is considering adopting measures to pay land
users in the Chimbo region to reduce siltation and flooding farther downstream.

Authorities in Ecuador are aware that the most serious water quality problem isthe disposal of
human waste from Guaranda and Chillanes into the river without treatment. The local
governments in both cities are currently considering options to lessen the impacts of human
wastes on water quality.

At sub-watershed levels, measures to protect the remaining forest are being undertaken. These
include the establishment of stream bank protection and fencing of strategic areas for water
provision.

Data gathered about aquatic microinvertebrates in the area are the first ever done and will be
references for future studies in the area and others in the Ecuadorian Andes.

Stakeholders participate in monitoring of climatic and water flow conditions in both countries.
This participatory monitoring isan initia step toward quantification of water resources and an
engagement of stakeholdersin water resources management. It permits modeling of the sub-
watersheds and helps define high-priority actions of conservation and rehabilitation. Water
monitoring with participation of the communities has stimulated interest in water resources and
challenges to them.

Objective 2. Generate and validate environmentally sustainable
alternatives in order to improve production systems and enhance income
generation.

Research to meet this abjective included laboratory work to identify solutionsto agricultural pest
problems, on-farm participatory evaluations of alternative varieties and farming techniques, analysis of
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market chains and the performance of and access to agricultural markets, and measurement of economic
gaing/losses from existing and new technologies. Some alternatives might be new crops and new on- and
off-farm income-generation strategies; others would include technical improvements to existing practices.

Critical research accomplishments

We generated information on the relationship between on-farm management practices (tillage,
rotations, conservation structures) and soil loss for Ecuador and Bolivia (Figure 9). We have
multiple years of data, and the analysis was used to design appropriate extension messages.
Evidence shows widespread adoption of soil erosion management practices in the upper
watershed in Ecuador. Adoption isless pronounced in the lower watershed, but even there
extension efforts are beginning to bear fruit. Extension messages have not yet been completed for
the Tirague sitein Bolivia, but PROINPA hasindicated that it is preparing extension materials.
Grass strips and deviation ditches are the two most cost-effective anti-erosion practices in potato-
growing areas, while contour plowing isrecommended in all locations.

Figure 9. Soil erosion trials in Tiraque, Bolivia, 2009

Evaluated the relationship between management practices and soil nutrient balances for common
practices in Ecuador and Bolivia and incorporated this information into our land use planning
exercises. We verified evidence from other areas that soil coverage and tillage practices were
largely responsible for macronutrient losses. For example, in Ecuador we found that the majority
of lost macronutrients in maize were related to practices of leaving bare ground before the first
seasonal rains and hoeing for weed control. Both of these practices can be avoided through more
judicious use of cover crops and modified tillage techniques. Maize cultivation represents the
biggest source of macronutrient losses in the Ecuador watershed.

Estimated the economic cost associated with erosion under an assumption of constant prices and
production costs. In 10 years, the present value of the losses in the productive systems would be
between $346.50 and $2,851.72 (USD) per hectare, depending on the product (Table 7).
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Table 7. Present value of the losses in productivity as a result of the soil erosion, Alumbre sub-
watershed, Bolivar, Ecuador

Item Corn Bean Pasture
Initial depth of the arable layer (cm) 20.00 20.00 20.00
Yield (kg/ha/year) 864.00 724.00 6600.00
Costs (USD/ha/year) $338.00 $364.00 $85.00
Income (USD/ha) $345.60 $289.60 $70.00
Present velue of cconomic \asses by sofl erosion in a §2581.72 $346.50 $50.10

e Information on land use and soil erosion was also used to create watershed plans and as input into
our physical modeling exercises. We generated information on erosion hotspots to guide
reforestation measures. Reforestation with native species is now occurring in the Ecuador
watershed with funding from government and USAID.

e Severa strategies wereidentified for managing plant pests and diseases using lower-impact
techniques such as biological control, biofumigant cover crops, and other integrated management
practices. We have conducted laboratory experiments and experiments in farmer fieldsto identify
means of controlling cacao diseases, diseases of other Andean fruits, and diseases in conventional
crops (potatoes, maize, beans). See Table 8.

Table 8. Alternative practices identified during SANREM CRSP Phase 111

Illangama Sub-watershed Alumbre Sub-watershed

e Deviation ditches and grass (Phalaris tuberosa) e Strip cultivation (wheat, maize, and climbing
« Rotations: natural pasture - potatoes (Fripapa and bean)

Natividad) - barley (Shyri 89, Grit 8,
Jazmin/Cardo) — fava bean (INIAP-440 Quitumbe
andINIAP - 441 Serrana) - quinoa (INIAP pata de
venado and Tuncahuén)

e Live barriers with native plants (yagual, tilo,
romerillo, piquil, chachacoma, aliso, higuerén, tilo)

e Chocho in association with pasture pasto (INIAP -
450 Andino)

e Better timing of planting (dry and wet season)

e Crops in association with maize—fava bean with
improved varieties

e Improved pastures with various mixtures such as
rye grass (Magnum and Geyser), blue grass (Amba
and Cara), white clover (Haifa), red clover
(Amagua), biannual rye grass (Tetralite), perennial
rye grass (Amazon and Kinstong)

Live barriers with native plants (nogal, alisos,
siete cueros, and guarango)

Bench terraces with horticultural crops (increased
incomes)

Fruit trees planted on contours to create live
barriers in degraded areas (chirimoya, citrus,
avocado, and blackberry)

Reduced tillage options for beans and peas
Improved pastures with various mixtures such as
rye grass (Magnum and Geyser), blue grass
(Amba and Cara), white clover (Haifa), red clover
(Amagua), biannual rye grass (Tetralite),
perennial rye grass ( Amazon and Kinstong)
Rotations: hard maize (INIAP 176) — climbing
beans (INIAP- 412 Toa, INIAP- 421 Bolivar, INIAP
- 426 Canario siete colinas); fréjol arbustivo
(INIAP - 427 Libertador rojo moteado, INIAP -
428 Canario guarandefo).

Gerplasm developed for climbing beans and maize
INIAP- 111 (maiz choclero).

Contour plowing and cover with alfalfa
(Pennisetum sp.)
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e |dentified anumber of crops and production practices of existing crops that are favorable in terms
of income generation and lower impact on the environment. For example, we have introduced
grass strips between potato fields to provide fodder for cattle and reduce soil delivery to streams.
Our research in Ecuador adjusted fertilizer recommendations to be specific to the needsin the
lower watershed. This research allows maize and bean farmers to be more efficient in their use of
inputs and increases their profitability. Results show that the best treatments for grain yield are
treatments 1, 2, 3, and 4, corresponding to fertilization of 140 kg of N/ha, 70 kg of P205/ha, 20 kg
of K20/ha, 20 kg of S/ha, and 10 kg of Mg/ha with aplant density of 60,606 plantsha (treatments
1 and 2) and 50,000 plants/ha (treatments 3 and 4). Producers evaluated the treatments and
decided that the best treatment was the one with 140 kg of N/ha, 70 kg of P205/ha, 20 kg of
K20/ha, 20 kg of S/ha, and 10 kg of Mg/hawith a sowing density of 60,606 (25 cm x 66 cm).

¢ Found that in Ecuador nitrogen is akey limiting nutrient; phosphorus, potassium, sulphur, and
magnesium did not significantly influence maize yields. In all the treatments, the application of
nitrogen to the soil considerably increased the extraction of nitrogen, phosphorus, potassium,
sulphur, and magnesium. The application of phosphorus, potassium, sulphur, and magnesium did
not alter the extraction of these elementsin the aerial part of the maize plants. The distribution of
the nutrients in the maize plant was the following: N—50 percent in the grain, 3 percent in the
maize-cob, and 47 percent in the residues, P—59 percent in the grain, 2 percent in maize-cob, and
39 percent in the residues; K—212percent in the grain, 3 percent in maize-cob, and 85 percent in
the residues; Mg—32 percent in the grain, 2 percent in maize-cob, and 66 percent in the residues.

e Our investigations of nutrient balances in Bolivia also show that nitrogen is the primary limiting
factor. Other soil nutrients are adequate.

e InBoliviawe identified the most suitable fava bean variety (habilla de atura). This variety was
determined to be an excellent addition to income-earning strategies for households. We evaluated
anumber of maca production systems, varying planting density and elevation, and find that maca
isahigh-yielding crop that can play an important rolein effortsto diversify incomes, especially
in the middle portion of the watershed. Yields of nearly 3,000 kg/hectare are possible with
planting densities of 2.5 kg/hectare. Farmer groups were established to promote production and
coordinate marketing of thisimportant crop. Kafiawatest plots show highly variable yields, and
additional work is needed before we can recommend this product as afood security supplement.
This crop can be added to conventional rotations to improve soil health, diversify income sources,
and provide additional foods for the familiesin the area.

o Assessed milk marketing and dairy chainsin Ecuador (Table 9) and the potato chain in Bolivia.
Identified a number of important obstacles to participation in higher-valued chains. Improved
access to information and formation of producer groups and networks are steps that are being
taken to improve access in both cases. A producer group in the upper Illangama (Ecuador)
watershed was formed and is currently seeking financing for a small-scal e cheese processing
facility.

e The characterization of milk production by each group is shown in Figure 10. Group 1 producers
use more nutritional supplements, especially during the dry season when on-farm feed availability
falls. Milk production depends on available feed (given the genetic quality of the stock), whichis
usually natural grass with low nutritional quality. Some Group 1 producers also own small areas
where they have introduced improved pastures, and by all indications the improved nutrition from
these grasses has positive impacts on milk production, but the producers lack the land and
financial resources to expand their areas of improved pasture. Group 2 producers have larger
extensions of improved pasture and indicate that the amount they have covers the nutritional
necessity during the dry season. As aresullt, this group of producersis able to save resources
otherwise spent on nutritional supplements.
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Table 9. Characterization of groups of milk producers, lllangama sub-watershed, Bolivar, Ecuador

Indicators Average

Group 1 Group 2
Age of the family head 41.69 51.17
Years of study of the family head 2.91 2.00
Total surface of the farm (ha) 2.69 8.21
Total surface with natural grass (ha) 0.95 1.69
Total surface with improved grass (ha) 0.66 3.78
Total number of bovines 6.85 13.33
Total number of cows in production 2.41 4.83
Milk production (kg/year) 5,411.91 11,720.56
Cheese production (kg/year) 439.44 912.22
Gross income by milk cattle ranch (USD/year) 659.17 1,368.33
Gross income by family (USD/year) 2,812.18 7,061.33
Income by agricultural activities outside the farm (USD/year) 79.75 0.00
Income by activities with salary (USD/year) 428.40 863.33
Economic value of production means (USD)) 59.01 658.50

Management of yield variability caused by nematodes and diseases was investigated. We found
that bio-intensive pest management is a promising option, but soil health in Tirague, Bolivia, is so
low that additional fertility is required to produce sufficient biomass for green manuring. We
investigated the potential of arugula and mustard seed as green manures and found soil quality to
be limiting the effectiveness of each (more below).

In both producer typologies, however, sanitary horms are not adhered to, and quality isamajor
problem. For both groups, 6 kg of milk are required to produce 1 kg of cheese. One of the main
disadvantages in the commercialization process is the dispersion of the producers and the low
production for artisan cheese, especially the producers of group 1 (2.27 kg/day). These small-
scale producers directly commercialize their cheese because intermediaries demand larger amount
of products than they can supply.

We developed several new biocontrol techniques for a variety of pathogens in both Ecuador and
Boalivia. These techniques can lead to local cottage industries for the production of biocontrols
and thus increase incomes in two ways. First, they lower the cost of pathogen control and
improve the quality of the product. Second, value added can be retained locally from production
of the control products. For example, we found nine endospore-forming bacteria (seven collected
from unmanaged apple orchards and two from vegetables) in Bolivia. They were evaluated for
ability to suppress bitter rot pathogen (Colletotrichum acutatum) on apple fruit. Effectiveness of
the bacteriain combination with or without AgSil (potassium silicate) was aso tested. All
bacterial treatments (except isolate BacJ alone) significantly reduced lesion area compared with
unsprayed controls (Table 10). AgSil alone was not effective, for it was not significantly different
from the unsprayed control. Field experiments indicate that several of the isolates were able to
suppress apple scab disease severity throughout the growing season (Figure 11). PROINPA has
devel oped protocols for the reproduction of these bacteria.

We have also developed severa green manures for usein fieldsin Bolivia. Like the bio-controls,
these techniques can increase incomes, but mainly through increased soil health, soil fertility, and
productivity. We have evaluated the use of green manure crops for suppression of nematodes.
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Figure 10. Characterization of milk production technologies, sub-watershed of the lllangama River,
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Table 10. Suppression of bitter rot lesion area by endospore-forming bacteria isolated from apple

and vegetables

L Mean lesion area (mm2)z
Treatment/ Bacterial isolate - - -
Bacteria alone | Bacteria + 2% AgSil
Untreated control 268 ax 300 a
Al-1 87 c 211 b
FO-20 151 bc 198 bc
BT8 153 bc 176 bcd
BacJ 195 ab 137 cd
A2-4 143 bc 195 bc
A3-F1 111 bc 154 bcd
A3-1 87c 160 bcd
A3-6 30d 29 e
A3-2 119 bc 119d

“Lesion diameters were measured vertically and horizontally across the wound site. The average diameter was used to calculate
the total diseased area (nr?) on each fruit.

Y Rates based on product recommendations

*Within columns, means with the same letter are not sianificantly different at P=0.05 as determined by the Tukey-Kramer test.
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Figure 11. Effect of bacterial isolates on apple scab disease severity on branch inoculated Rome
Beauty and Golden Delicious trees*. Disease assays in two research plots; (A) and university drive
(B). Solid lines represent branches treated with bacterial isolate, and dashed lines represent non-
treated control.

z

Disease severities were measured using the following scale: O — no disease present; 1 - infection of one lateral or axillary shoot; 2
- infection of 2 lateral or axillary shoots or infection of on terminal shoot; 3 - infection of both the lateral and terminal shoots,
infection of 3 terminal shoots, or infection of terminal shoot with resulting stem swelling; 4 - infection of 2 lateral shoots with
infection of terminal shoot or infection of 4 terminal shoots; 5 — presence of dry dead brooms on the plant; 6 — plant killed due to
witches’ broom

YBacterial treatment and cacao variety means followed by the same lowercase letter within each group are not significantly different
according to Tukey’s HSD (P<0.05).
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Before our work there were virtually no organo-chemicals till registered for nematode control in
the United States or Bolivia. Crops of mustards, radish, and arugula are known to produce
cyanogenic products that kill nematodes when the crop istilled into the soil and allowed to
decompose.

We found that cacao variety had no significant effect on disease severity throughout the rainy
season. Treatment had a significant effect on disease severity; with application of Bacillus
pumilus isolate ET reducing disease throughout the rainy season when compared with control
plants and all other treatments. There were no significant differences due to variety or treatments
during the dry season except that tolerant national variety A2634 had less disease than the
susceptible EET-19 in September but not December. However, although not significantly
different, disease severity of resistant clone CCN51 averaged less than half that of susceptible
variety EET19 at the final disease assessment date of the rainy season. Also, B. pumilusisolate
ET was the only bacterial treatment in which disease severity did not increase from September to
December of the dry season, indicating that the bacteria prevented further disease devel opment
after initial infection. There was no significant variety X treatment interaction during the rainy or
the dry seasons, therefore the AUDPCs presented are averages across al plants of avariety or
treatment. Thus, although no bacterial treatment was entirely effective, B. pumilusisolate ET
provided the best disease suppression, reducing AUDPC by 58 percent in the rainy season and
preventing substantial increase of disease severity during the dry season (Table 11).

Table 11. Results on cacao treatments with biocontrols, Ecuador

Rainy Season (Jan 08 - May 08) Dry Season (Jun 08 - Dec 08)
AUDPC of disease severity” from Disease Disease severity
Variety 7 Feb — 21 May severity in Sep in Dec
A2126 65.7 &Y 0.94 ab 2.33 a
A2634 61.1a 0.42 a 1.40 a
CCN51 1109 a 0.45 ab 0.70 a
EET19 92.3 a 1.50 b 1.65 a
IMC67 122.7 a 0.42 ab 1.65 a
Treatments
Control 77.4 a 1.10 a 1.65a
A20 104.2 a 0.50 a 1.70 a
CT 74.8 a 0.55a 2.05a
CUR 103.8 a 0.55 a 1.25 a
ET 32.8b 0.94 a 0.94 a

We identified 99 isolates of endophyte bacteria, 53 from cereals, 32 from fava bean, and 25 from
potato. Our first evaluation was of effects relative to Alternaria fabae. Of 55 isolates eval uated,
only one was highly efficient (1A9a), but we have selected three for evaluation on farmer fields.
We also evaluated isolates against chocolate spot in fava bean (Botritys fabae). We have isolated
23 isolates from the following: penicillium, aspergillus and cladosporium. These isolates can be
of usein Ecuador where some of the same diseases are present in Andean fruits.

Diseases are the most important factors limiting production of Theobroma cacao in South
America. Because of high disease pressure and environmental concerns, biological control isa
pertinent area of research for cacao disease management. In this work, we evaluated the ability of
four Bacillus spp. isolated from vegetable crops for their ability to colonize T. cacao seedlings
and reduce the severity of black pod rot (Phytophthora capsici). Of the Bacillus spp. tested,
application of B. cereusisolates BT8 (from tomato) or BP24 (from potato) together with the
polysilicon surfactant Silwet L-77 (0.24 percent vol/vol) resulted in long-term (>68 days) stable
colonization of cacao leaves. Further investigation revealed that foliar colonization by BT8 and
BP24 was primarily epiphytic, with endophytic populations typically representing 5 percent to 15
percent of total foliar bacteria. Significant reductions of disease severity (P 6 0.05) on cacao |eaf
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disks challenged with P. capsici were recorded from after Day 26 and through 68 days following
colonization with BT8. No bacterial colonists were observed in or on leaves that developed after
bacteria application, suggesting that the bacteria were not capable of systemic movement through
vascular tissues. These newly devel oped, non-colonized |eaves from colonized plants exhibited
disease suppression, which supports a probable disease suppression mechanism of induced
systemic resistance for the BT8 isolate. See Melnick, Zidack, Bailey, Maximova, Guiltinan, and
Backman for more detail on this series of trials.

Development impact

Each of these research themes promotes enhanced decision making at the farm and community
level. At the farm level, we raised incomes by 20 percent to 30 percent through adoption of
improved management technigues. More than 40 percent of farmersin the upper Illangama
watershed in Ecuador adopted some form of reduced erosion practices. At the community leve,
land use planning was enhanced by knowledge of the relationship between practices and soil loss.
In Bolivig, individual farmers have created land use management plans, and the municipal
government used project-produced information to create aland use plan for Tiraque. Thislatter
effort was required by the government of Bolivia and will lead to more sustainable land use
practices.

Reforestation in Ecuador is|eading to increased biodiversity and to less soil and nutrients
delivered to streams. An analysis of the market potential of wood and medicinal herbs indicates
that over time, harvest of forest products will raise incomes.

Access to higher-valued agricultural product marketing chains raises incomesin the area and
creates economic space needed to implement conservation practices. Public actions to increase
access to markets will build local capacity to take similar decisionsin the future.

Before our work there were virtually no organo-chemicals registered for nematode control in the
United States or Bolivia. Crops of mustards, radish, and arugula are known to produce
cyanogenic products that kill nematodes when the crop istilled into the soil and allowed to
decompose. Biocontrols represent a major avenue toward sustainable crop production; they are
environmentally safe, lower cost, and can lead to local industries. For example, our partner in
Boliviais currently licensing small-scale production of several biocontrol technologies that were
identified and evaluated under our project.

Objective 3. Create a means of evaluating the impacts of alternative
actions, policies, and interventions on income generation, and social and
environmental conditions.

This sub-objective aggregates individual responses (changes in practices at the field, farm, and market
scales) to the watershed level and creates a mapping between policy (and other interventions) and
outcomes at the aggregate level.

Critical research accomplishments

Calibrated watershed models for both Ecuador and Bolivia sites. These models were used to
estimate watershed-level runoff and impacts on water quality of aternative land uses. Simulations
were used to evaluate alternatives and to inform community decision making. In Ecuador, we
held a number of workshops with local government authorities to examine how projected changes
in land use will effect erosion, runoff, and water quality. Results were incorporated into
community land use plans.
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e Thefield-scale model Groundwater Loading Effects of Agricultural Management Systems
(GLEAMS) was applied to selected individual management systemsto provide more detailed
input to the Soil and Water Assessment Tool (SWAT). Thisinformation was used to evaluate
water quantity and quality impacts of different livelihood scenarios.

¢ Household data were used to produce a comprehensive analysis of the determinants of livelihood
strategies. The Ecuador analysis was completed by Robert Andrade as a part of his master’ sthesis
in agricultural and applied economics at Virginia Tech. We measured the rel ative benefits (and
impacts on household livelihood choices) of a variety of interventions, including more access to
adult education, increased irrigation, and improved access to credit. These results were used to
simulate changes in strategies as policies are adopted by local governments and, when used in
conjunction with the watershed models, show how policy affects land use, which in turn affects

erosion and water quality in the area (Table 12 and Table 13).

Table 12. Livelihood clusters and their attributes

Variables Agricultural
Engaged in Rurfal non- subsistence
Diversified agricultural ecoa::gnmy and wage
households markets (Livelihood work
(Livelihood 1) (Livelihood 2) 3) (Livezlli)hood
% Households in cluster 27 37 17 19
Agriculture income share, % 0.45 0.87 0.12 0.39
Agriculture wage share, % 0.02 0.03 0.14 0.57
Off farm income share, % 0.53 0.10 0.74 0.05
Own surface with title, % 0.84 0.87 0.77 0.77
Watershed Alumbre, % 0.46 0.37 0.98 0.85
Land size, ha 3.82 6.79 3.59 3.64
Irrigation access, % 0.23 0.33 0.06 0.09
Value physical assets, $ 2008 2348 856 496
Credit access, % 0.08 0.03 0.12 0.00
Distance to closest river, km 1.12 0.86 2.05 1.58
Distance to closest city, km 7.21 7.58 3.61 5.17
Participation in CSOs, % 0.60 0.55 0.26 0.38
Family members that migrate, % 0.71 0.39 0.54 0.13
Mestizo households, % 0.31 0.25 0.64 0.53
Household head male, % 0.88 0.90 0.82 0.72
Secondary education or plus, % 0.65 0.65 0.66 0.45
Expenditures per capita, $ 325 432 280 219
Ratio of food expenditures-income 0.17 0.14 0.17 0.22

e Several assets are critical determinants of how households select livelihoods. Accessto land,
access to water resources, markets, and higher educational attainment al affect the choice of
livelihood. Households with fewer assets are “pushed” into less remunerative livelihoods;
increased education and access to credit and irrigation all will affect livelihood choice. Andrade
used these estimates to simulate three policy interventions:. increased access to education,
increased access to credit, and more irrigation. He found that education access has the strongest
impact on household wellbeing because it works in two ways: it moves households into more
lucrative activities and, conditioned on the choice of activity, increases wellbeing on its own.
Accessto credit also had a strong effect, but this effect was mainly in the second stage: access
does not affect what households do but allows them to better utilize existing assets within a

livelihood strategy.
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Table 13. Variables in multinomial logit estimation of the determinants of livelihood choice

Variable Description

Livelihoods (dependent var.) Livelihood strategy chosen

Farm surface Total farm size in hectares

Irrigation Whether or not the farm has irrigation access

Physical assets Total value in dollars of productive tools, small livestock and cattle

Education Whether or not the individual in the household with highest level of
education attained secondary education

Soil productivity Measure of soil quality (GIS)

Age and square age Household head age

Household size Number of members that are part of the household

Dependency ratio Percentage of members < 18 years old and > 71 years old

Watershed Household located in the Alumbre sub-watershed?

Altitude Altitude location of the household in kilometers

Distance to rivers Distance to the closest river in kilometers (GIS)

Distance to towns Distance to the closest town and school (GIS)

Distance to cities Distance to the closest main city and markets (GIS)

Data on farmer risk perception and its impact on potato variety selection was collected and
analyzed for Bolivia sites. Data collection and analysis were completed by Michael Castelhano as
apart of his master’ sthesisin agricultural and applied economics at Virginia Tech. Results show
that disease resistance has an important impact on variety selection but that taste and
marketability of the potato are most important. Results will be used to help inform breeding
research at PROINPA.

Analysis of datafrom the baseline survey in Bolivia shows how farmers use variability in
geography to manage risk and how this risk management affects overall farmer efficiency. In
response to climatic risks, farmers plant potatoes in geographically separated fields. Frequently
this separation may imply more than two hours of travel time to remote fields. Depending on
weather outcomes (drought, frost, hail), some fields may be farmed more intensively or more
efficiently. At the field level we find clustering of high-productivity (high-efficiency) fields and
low-productivity (low-efficiency) fields.

Development impact

Having the ability to use models to simulate land use changes represents a huge step forward in
evidence-based decision making at local levelsin both of our countries. Our collaborative
research process built confidence in the research process and leads to greater acceptance of
research findings. This has a major impact on uptake and incorporation into policy decisions. It
fosters both knowledge and capabilities to make decisions—we have yet to see how much an
impact it has on actions. The importance of having working watershed models cannot be
overstated: Stakeholders now possess the knowledge upon which to can make informed decisions
about the watershed.

We have determined the best pathways by which knowledge can contribute to action. We found:
(i) trust in the research team is essential, and this trust cannot be built overnight; (ii) continual
engagement of the stakeholdersis important; (iii) provision of practical benefits of research to
stakeholders improves uptake of later results; (iv) technologies that are “income neutral” or that
do not produce many monetary benefits should be packaged with income-increasing technol ogies
where possible; (v) community organization and presence of strong social network increases
uptake in some cases but not in others.

The household data analysis creates opportunities for better-informed decision making. The
results are being used in our communities to understand how policy can change household
decisions.
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The information on farmer risk perceptions and their determinants is being used to guide potato-
breeding programs at PROINPA. It also informs extension efforts.

Information about risk management strategies will enable design of instruments to reduce
inefficient risk management.

Objective 4. Build local capacity to evaluate policy alternatives, make and
enforce decisions, and strengthen social capital.

This objective, acritical component of the overall project, used science-based modelsto assist in adaptive
watershed management. It was important to integrate local stakeholders into the research planning
process, for they helped validate model results and provided insights into the weaknesses (and strengths)
of the modeling process.

Critical research accomplishments

Professionals and community members in Ecuador were trained in the adaptive watershed
management process. Researcher Brian Benham conducted two daylong watershed management
workshops for local government officials and other stakeholdersin the watershed. The workshops
addressed six steps in watershed management planning: (i) Building Stakeholder Partnerships; (ii)
Watershed Characterization—A pproach and Data Needs; (iii) Developing Water Quality Goals
and Identifying Possible Solutions; (iv) Designing a Watershed Management | mplementation
Program; (v) Implementing a Watershed Management Plan; and (vi) Measuring Progress and
Making Adjustments. The community workshop on January 23was led by Juan Calles and
Adriana Cérdenas of ECOCIENCIA and Wills Flowers of Florida A& M. Community
stakeholders were engaged throughout.

Professionals from Bolivia and Ecuador were trained in watershed modeling. Training occurred
in two phases. During February 2008, two Ecuadoreans (Adriana Cardenas of ECOCIENCIA and
Juan Montufar of SIGAGRO) and one Bolivian (Ana Karina Saavedra of PROMIC) participated
in afive-week training session at Virginia Tech. They engaged in a hands-on process that
involved theory, models, and model applications. All brought with them to Blacksburg the
requisite data from their sites and applied these data to the modelsin question. Training was led
by Mary Leigh Wolfe, Brian Benham, and Conrad Heatwole of biological systems engineering.
Participatory watershed planning activities were established in both countries. In Ecuador, the
project team in conjunction with local governments and stakehol ders adjusted the adaptive
watershed model to meet their own realities. The team and stakeholders used project information
on livelihood classes, together with the profile of household and community assets, to create a
comprehensive development plan for the watersheds. They used SWAT model results, together
with GIS techniques, to create a variety of watershed assessment and planning tools, such as
environmental vulnerability maps (Figure 12). This map was validated with local stakeholders
and was used by local stakeholders in developing their watershed plan.

We evaluated the degree of correspondence between local perceptions of soil erosion, an
intermediate technology developed by our partner PROMIC in Bolivia, and SWAT model
predictions about the relationship between land uses and soil loss.
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Figure 12. Vulnerability analysis based on SWAT results, GIS analysis, and participatory risk
mapping, Ecuador, 2009

Development impact

¢ Wolfe, Heatwole, and Benham conducted a four-day water-quality modeling workshop for
university professionals and officials of government agencies and NGOs in Cochabamba, Bolivia.
The workshop provided participants with hands-on training in the background and application of
the following models: GWLF, GLEAMS, and SWAT. Thirteen people participated in the
workshop. Extensive workshop resource materials were provided to al participants. Those
presentations made in English (some were in Spanish) were translated by PROINPA and
PROMIC staff. Extensive interaction/discussion occurred during the workshops.

¢ Ananalysisof changesin land use and impacts of the project in Ecuador indicate major changes
inland use, increased yields, increased diversity, better use of rotational crops, enhanced food
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security, and other important impacts (Table 14Error! Reference source not found.). The model
we adopted for working with stakeholders, engaging them in research, and using stakeholder
perceptions as an input into validation of technol ogies worked quite well in this watershed.
Lessons learned include the need to engage stakeholders early, build confidence of stakeholders
in research team, and provide productivity-enhancing technologies as a part of conservation
efforts.

Table 14. Impacts of best management practices in lllanagama watershed, Ecuador, 2009

Name 2006 2009

Land in cultivation (ha) 0.90 0.90

Land in potato (ha) 0.25 0.31

Land in pasture (ha) 3.04 2.28

Land in improved pasture (ha) 0.59 1.35

Milk production (I/dia) 33 51

Potato yield (t/ha) 10.80 16.20

Pesticide value ($/ha) 396 296

Net benefits ($/afio) 1021 1378

Food security:

Quinua N/A INIAP Tunkahuan y Pata de Venado
Barley N/A Shyri y Jazmin

Chocho N/A 450 Andino

Faba beans Genetic deterioration Guagrahaba e INIAP 440 y 441

Conservation practices:

Improved rotations N/A Crops-pastures

Strip cultivation N/A Crops-pastures

Diversion ditches N/A 1372 m linear

Contour plowing N/A Crops

Diversion ditches with grass lining N/A With milin grass and native plants like Quishuar,

Yagual, Chachacoma, Romerillo, Aliso,
Pumamaqui, Lupinus, Piquil

Minimum tillage N/A In crops
Improved irrigation management N/A Broadcast irrigation
Protection of water supplies N/A Native species like Quishuar, Yagual,
Chachacoma, Romerillo, Aliso, Pumamaqui,
Lupinus, Piquil

Degree and non-degree training activities

The LTRA-3 group has made major headway in itstraining activities by aggressively identifying suitable
candidates, promoting flexibility in program design, and leveraging funding from different sources. We
have completed six graduate students (four men, two women) at U.S. or European universities; six
undergraduate honors theses at host-country universities (four men, two women); and are currently
supporting four graduate students (one man, three women) at U.S. universities, four undergraduates (one
man, two women), and three graduate students (three men) at host-country universities.

Non-degree training has focused on environmentally beneficial agricultural management practices with
other activities related to biodiversity, adaptive watershed management, and watershed planning. While
the balance was toward participation of men, special efforts were undertaken to promote participation by
women.

Degreetraining

e Victor Barrera (Ecuador) completed his Ph.D. at Universidad Politécnicade Madrid in Spain in
2008.
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e Robert Andrade (Ecuador) completed his master’ s training in agricultural economics at Virginia
Tech in 2008.

e Michael Castelhano (Bolivia) completed his master’sin agricultural economics at Virginia Tech
in 2008.

e AmediaHenry (Ecuador) completed her Ph.D. in plant biology at Penn State in 2008.

e Raul Jaramillo Velasquez (Ecuador) completed his Ph.D. in horticulture at Penn State in 2008.

e Rachel Menick (Ecuador) completed her Ph.D. in plant pathology at Penn State with partial
funding from SANREM CRSP in 2008.

e Catherine LaRochdlle (Ecuador) isin her third year of studiestoward aPh.D. in agricultural
economics at Virginia Tech. Sheis currently reviewing literature on relationships among risk,
farmer decisions, and environmental impacts. She is being funded by SANREM CRSP and other
projects.

e AnissaPolatewich (Bolivia) isin her third year of studiestoward a Ph.D. in plant pathology at
Penn State with partial funding from SANREM. She is working on development of alternative
biological controlsfor fruits and is collaborating on control of vegetable pests.

e Javier Osorio (Bolivia) isin histhird year of Ph.D. training in biological systems engineering at
VirginiaTech. Heis assembling GIS data for the Tirague, Bolivia watershed model.

e Nadezda Amaya (Bolivia) isin her final year of master’ straining in agricultural and applied
economics at Virginia Tech (expected completion December 2009). She is examining how
information affects potato marketing decisionsin Bolivia and the role of gender in these
decisions.

Publications, presentations, other products

In 2009, LTRA-3 produced awide variety of publications and presentations; including one book chapter,
two working papers, two conference papers, four analytical research reports and numerous electronic
presentations. A further highlight was the completion of four theses by SANREM CRSP funded students.

Networking activities

Our project created strong linkages among the project team, local governments, regional governments,
stakeholder groups, NGOs, and other donors. As described in this report, the local linkages were a
component from the start. In particular, the governments of Guaranda and Tiragque are actively using
SANREM CRSP inputs as a part of their planning processes. The new mayor of Guaranda has asked the
project team to build linkages with several NGOs in the area to multiply the project’ simpacts.

In Ecuador, our team devel oped a proposal that was funded by the Ministry of Environment of the
Government of Ecuador. This project focuses on improving the conditions of the populationsin the sub-
watershed of the Shacundo River in the watershed of the Chimbo River. The financed amount is
$120,000. Project also established linkages with Proforestal, El Instituto Nacional de Meteorologia e
Hidrologia (INAMHI), and La Fundacién Mujer y Familia Andina (FUNDAMYT) of Ecuador.

During 2008 the Ecuadorean government adopted as a national priority the livelihood and adaptive
management framework for integrated management of watersheds. This action followed extensive
interactions among our host-country team members and representatives of regiona and national
governments. Our project site was inspected by national policymakers concerned about water quality, the
environment, and measures to improve household wellbeing. Partialy as aresult of our activities, the
National Constitution was modified. Articles 12 and 14 of the New Ecuadorian Constitution establishes:
“The human right to the water is fundamental and cannot be waived. Water constitutes strategic national
patrimony of public, inalienable, imprescriptible, unattachable and essentia use for thelife,” and “The
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State will guarantee the conservation, recovery and integral management of the water resources,
hydrographic watersheds and ecological streams,” respectively. This constitution promotes application of
our approaches to other watersheds in Ecuador.

In Bolivia, the research team continually interacted with local authorities to build confidence in the
process and facilitate uptake of subsequent findings. We successfully engaged farmer groups (sindicatos)
that are interested in the research into farming alternatives and also express strong support for creating of
farm-level land use plans. We have created these plans on a pilot basis.

Project linkages to local universities are strong in both countries. Undergraduate thesis students were
involved in research through the duration, and many of our research activities were led by university
faculty.
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Adapting to Change in the Andes: Practices and Strategies
to Address Climate and Market Risks in Vulnerable Agro-
ecosystems (LTRA-4)

Principal investigator: Corinne Valdivia, Associate Professor of Agricultural Economics, Division
of Applied Social Sciences, University of Missouri

Host countries: Bolivia, Ecuador
Research team:

University of Missouri: Peter Motavalli, soil science; Jere Gilles, rural sociology

Kansas State University: Karen Garrett, plant pathol ogy

University of Connecticut: Anji Seth, climatology

lowa State University: Cornelia Flora, sociology, agriculture and life sciences; Jan Flora,

sociology

¢ International Potato Center: Greg Forbes, plant pathology; Roberto Quiroz, natural resource
management

e Universidad Mayor de San Andrés, Bolivia: Jorge Cusicanqui, plant production systems, Magali
Garcia, agro-climatology

e Universidad de La Cordillera, Bolivia: Elizabeth Jiménez, economics

e Fundacién PROINPA, Bolivia: Miguel Angel Gonzales, Javier Aguilera, agronomy

e Universidad Nacional Agraria La Molina, Peru: Edith Fernandez-Baca, sustainable production;

CedliaTurin, animal sciences

Research strategy and development objectives

The project’s goal was to develop knowledge and practices to build resilient livelihoods in rura
communities of Andean agro-ecosystems vulnerable to changesin climate and markets. To accomplish
this, we studied the dynamics of current agro-ecosystems to identify knowledge, practices and strategies
that reduce vulnerability, value biodiversity, and build natural and human capital. This research has two
dimensions: structural and transformative. The structural entailed understanding the effects of markets
and climate as drivers of change at various scales in the social and ecological systems and the feedback
effects. The transformative sought to understand human agency, the links between knowledge and action,
and the role of collaborative research institutions and processes with stakeholders at the individual,
household, and group levels.

The conceptual model (Figure 13) captures these two dimensions, the structural and transformative
elements of the research; and the various scales at which the project tackled disciplinary and
interdisciplinary research to reveal the effect of the two drivers on ecosystem vulnerability. Critical to
devel oping adaptive capacity was understanding the driver’ simpacts at multiple scales on Altiplano
ecosystems including: market effects on decision making; effects of climate trends; effects of projected
climate changes on biodiversity; and interaction effects, such as the outcomes of livelihood strategies
resulting from these changes, i.e., land use patterns and their effect on biodiversity. This understanding
informed development of information and adaptive practices and strategies pursued in the agronomic and
market-research programs and the climate policy arena. We sought in the three years of field work to
identify interventions and actions that would improve wellbeing and vaue biodiversity. The final year
concentrated on returning findings to the communities through processes that sought not only to link
knowledge systems but to identify the actions to be taken.
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SANREM CRSP LTRA4: ADAPTING TO CHANGE IN ANDEAN ECOSYSTEMS

Structure

Drivers

Shocks & stresses
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Government/Gobierno -

Landscape/Ecosystem Paisaje/Ecosistema

Community/watershed Comunidad

Livelihood System

Production Syste Goverhance
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Soils Local & Regional Markets
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Human Agency/ Negotiation

Social Human
Capital Capital
Cultural il
Capital Cppllel

Knowledge Networks

and Coalitions
Constructed Political
Capital Capital

Transformative Hypotheses

Bridging knowledge systems for change
Building coalitions to implement change
Risk and dread and ability to act

Financial
Capital

Figure 13. Research conceptual model

This LTRA had five specific objectives.

e Objective 1. Characterize the dynamics of Altiplano agro-ecosystems at various scalesto
understand the impact of climate and markets as drivers of change, and develop a shared
understanding.

o Objective 2. Identify local knowledge and perceptions about production systems, landscape, and
risks to assess the effect of climate and market change on livelihoods.

e Objective 3. Develop practices and information strategies (networks to access new information)
to address changing conditions and perceived risks in soils, climate, pests and diseases,
landscapes, and livelihoods.

o Objective 4. Develop market access strategies and institutions that contribute to resilience.

e Objective 5. Develop stakeholders' capacities and capabilities—ability to act—to reduce
vulnerability and increase adaptation in the face of changing market and climate conditions.

Objective 1 studied the dynamics of the ecosystem, focusing on soils, climate, pests and diseases,
biodiversity, livelihoods, and markets to determine how changing climates and markets have impacted
agro-ecosystems and how these have affected livelihood strategies. Objective 2 studied people's
knowledge, perceptions of change, and experienced hazards. Scientific and local knowledge gained under
Objectives 1 and 2 informed research in Objectives 3 and 4, which focused on identifying adaptive
practices and strategies necessary to build resilient livelihoods and ecosystems. Climate forecasts, soil
management, crop alternatives, pest management practices, and market information were developed to
inform decision making. Objective 5 focused on strengthening capacities, studied forms of participation
and institutions (forms of organization) and the effect on stakeholders’ ability to act.
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Multiple disciplinary teams through this integrating framework tackled five research themes: climate,
soils, pests and diseases, biodiversity-production systems and landscapes, and livelihoods and ingtitutions.
A knowledge-to-action theme studied processes and ability to act.

Climate

Altiplano climate conditions and trends over the past 30 years and decision makers' knowledge and
perceptions of these climate trends at the household and community-watershed scales were studied, and
then compared through participatory processes. Perceptions were captured through community
participatory assessments and household surveys. Climate trends and current conditions were compared
with climate change projections for the Altiplano. The study of current trends and projectionsto middle
(30 to 50 years) and late 21% century informed socia and agricultural aternatives for adaptation. Research
on local knowledge forecast indicators and their link to trends and projections was devel oped through a
participatory research process that builds local knowledge systems (cultural and human capital) and
fosters a common understanding and trust. Participatory assessments and mapping of climate hazards
were carried out with community participants to evaluate climate forecast products in terms of effect on
current production systems and identify adaptation strategies (ability to act).

A coadlition building approach—advocacy coalitions—informed the process of building the social and
political capitals necessary to identify adaptation strategies and partners. The projections were eval uated
with stakeholdersin the climate change community, where we aim to devel op a climate change working
group. Results were shared with stakeholders at the local, regional, and national levels, seeking also to
inform government and international policies for adaptation. Landscape research at the watershed level,
especialy imagery analysis and participatory mapping of change at the watershed/community scale, were
and continue to be inputsin adialog about vulnerabilities and planning for adaptation.

Pests and diseases

Field research on pests and diseases aimed to understand changes in their dynamics, which depend on
micro-regional variability in altitude, temperature, location, and social and economic conditions. At a
regiona (ecosystems) scale, climate change scenarios were incorporated into models of diseases, and data
on pests was gathered for three years to contribute to models that predict changesin movement from low
to high elevations as temperature and humidity change. This research aims to build new knowledge
(human capital) by sharing findings on dynamics of Andean potato weevil and potato tuber moth, and
through participatory approaches identify management practices compatible with the economic (economic
capital) and labor (human capital) redities of farmers. The purpose was to produce information that is
relevant, appropriate to the decision makers context, and consistent with their decision-making process.
Understanding of this changing dynamic led to a co-learning strategy where farmers were trained on the
findings from the research as well as how to monitor conditions.

Soils

Research was undertaken to characterize soils and evaluate quality under different fallow systems and
changing management practices, identified as responses to climate and markets. Soil quality indicators
developed are a proxy for the state of the natural capital (biodiversity) and were included in the analysis
of farmers' land use practices, adaptive livelihood strategies, and effect on environment. This research
linked with a biotechnology project on soil metagenomics that studied microbial indicators for soil
degradation/health quality. While characterization was undertaken at the community/watershed scale, soil
amendment experiments to enhance soil quality to buffer climate variability and change shocks took place
at the field level, with selection criteria determined by the management systems. Disciplinary research
findings contributed to local knowledge through participatory assessments of soil amendment practices
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researched and knowledge building through sharing soil quality indicators developed at each site. The
latter focused on community participants and extension agents.

Biodiversity

To understand changes at the watershed/landscape scale, we studied changes in land use patterns, shiftsin
crop varieties, and land cover. At the field level, farmers and researchers eval uated performance of
current native varieties. At the community level, we evaluated existing varieties and changesin their use
through time. At the municipality level, we assessed diversity of native potato and other crop varieties.
We also identified and assessed varietal performance by planting gardens in communities and directly on
farmsin the first two years of the project. At the landscape level, analysis of changes through imagery
analysis, when available, was undertaken to support community planning to identify varieties more
resilient to projected medium-term climate-change scenarios and current climate trends. Imagery analysis
aswell as ground truthing and participatory mapping of changes in landscape provided a picture of the
changes in vegetation in one region, as well as the tools for discerning, with communities, the role of
driversin these changes and what to do. Imagery was secured for only one site, aMay 2007 SPOT
satellite image of the northern Altiplano watershed in Bolivia; therefore the landscape change analysis
was conducted there as a proof of concept.

Livelihoods and markets

The focus of the social and economic research was on decision makers at the household and community
levels. It identified livelihood strategies and how climate, markets and environmental change have shaped
them. It evaluated if and how differences in access and control of capitals explain livelihood strategies as
well as the impact of economic, social and political factors. The purpose was to compare strategies and
practi ces across communities and ecosystems to discern the effect of geography and markets. This
enabled understanding of how the capitals, resources, and the capabilities of individuals, households, and
community engender agency and adaptation. With the household economics approach, the strategies were
evaluated to determine their differential impact on men and women. Assessments of practices under
Objective 3 were conducted in the context of input and output markets in Objective 4. Community
participatory assessments with a gender perspective (Objectives 2 and 5) led to identifying differencesin
the perceived benefits and constraints of the practices and strategies. Economic portfolio research
informed on market integration (or lack thereof) and the effect on income generation, food security, and
vulnerability (Objectives 1, 2, and 4). Indicators of livelihood diversification, as well as of accumulation
of assets, are measures of economic and social wellbeing. These were analyzed aong with indicators of
environmental wellbeing (natural capital) —soils and crop diversity, and fallow length—to assess how the
natural capital contributes to wellbeing and how decision makers invest in the natural capital. Risk
perceptions (Objective 2) were studied in the context of livelihoods and capitals. Household surveys
gathered the data to link livelihoods with perceptions of risk, types of capital, and ability to cope with risk
events (Objective 5)—agency. Thisresearch, aswell as the research on perceptions of change elicited
through community participatory evaluations and mapping, are key to develop new knowledge about
adaptation options to climate and market changes, and to learn how thisinformation is shared through
networks.

Ability to act — knowledge to action

The research design incorporated the concept of agency—the right side of the conceptual model (Figure
13). In the sustainable livelihoods framework, agency—defined as the ability to act—is the hinge
articulating livelihoods with structures. At higher scales than community, it connects people with markets
and government institutions through individual and collective action, and stakeholder platforms. We
collected data throughout the project about who participated and who did not in the collaborating
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communities’ research groups. A panel survey completed at the end of 2009 will allow usto compare
changes between 2006 and 2009 among participants and non-participants, as well as analyze changesin
the sources of information. Objective 3 identified practices and information through participatory
approaches and disciplinary research. The research on soils, pests, climate, and native crops built on local
knowledge and perceptions.

Objective 4 identified strategies that may improve bargaining power in commodity markets or reduce the
perceived risks of decision makers to access resources through group action. The identification of high-
end income markets—niche markets for traditional cultivars—was one example. Strategies and
institutions targeting improvement of bargaining or negotiation in markets that enhance Andean
biodiversity and income were studied (the Andean Platform) to determine how it would facilitate
articulation to high-income markets like exports. An approach implemented was Advocacy Coalition, a
mechanism to link actors at different levels in markets with aligned incentives. Participatory market-chain
approaches that devel op stakeholder platforms were studied to access export markets of chufio and tunta.
These mechanisms of linking farmers with markets were evaluated in terms of participation and impact
on ahility to act. The sites permit comparisons under different market-access conditions of various types
of commodities and mixes of traditional and commercial products.

Objective 5 isacritical research and devel opment objective. It is accomplished by examining different
approaches to capacity development: participatory research, research interest groups, advocacy coalition,
and stakeholder platforms. The development dimension consists of strengthening or devel oping the
adaptive capacities of stakeholders. Processes such as sharing knowledge about markets through protocols
that require participants to identify what needs to be done to address barriers, in themselves lead to a
change in attitudes. The capacity building dimension involves degree and non-degree training aswell asa
co-learning environment. Information was shared with decision makers at the household and community
levels, and stakeholders at regional and national levels. These activities allowed us to gather the first data
to test atransformative hypothesis and identify the pathways through which knowledge becomes
information for action. Our activities included collaborative approaches in themes that concern climate
change and adaptation in rural areas with our research partners, policymakers, and development
practitioners.

Consistent with the research design and strategy, Years 1 and 2 focused mostly on Objectives 1, 2, and 5.
Objectives 3 and 4 required an understanding of the system and grew in focus during Y ears 3 and 4.
Objective 5 was accomplished throughout the life of the project; its final intended output isto assess
change. In Year 4, the aim was to build on local knowledge by sharing the findings of research conducted
during the past 3 yearsin the context of climate and market information, which isreflected in the large
number of events and products shared with community research groupsin Y ear 4.

Research hypotheses

The overall working hypothesis of LTRA-4 isthat bridging knowledge systems through participatory
approaches designed to foster agency will lead to decisions that contribute to adaptation, where decision
makers (individuals, households, groups, policymakers, and implementers) are capable of negotiating and
benefiting from climate and market changes. To test this overall working hypothesis, several disciplinary
and trans-disciplinary questions are posed and addressed.

The research strategy aimed to address the following questions.

e |sclimate changing in the Altiplano ecosystem?
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e Do people perceive this change, and do they have the knowledge, capital resources, and
capabilities to adapt?

o Aremarkets and their signals affecting the decisions of producers, and in turn are these decisions
changing the landscape of the Altiplano? If so, are changes affecting the resilience of the
environment?

e Arethechangesin climate trends and variability, and their impact on livelihoods combined with
the market signals and responses, increasing adaptation or increasing vulnerability?

e Doesanincreasein livelihood wellbeing lead to improvementsin biodiversity, or are the market
signals perverse to the environment (if measured in biodiversity indicators)?

e Arethereinteraction effects between climate and market change that are leading to increases or
decreasesin livelihood and environmental resilience?

e How do peopl€'s perceptions of change, the risks they face, and the vulnerability they experience
affect the livelihood strategies pursued, the various types of capital they access, and their ability
to use information?

e Canscientistsin collaboration with producers identify and/or develop technologies and
interventions that address climate-change effects on soil degradation, pests and diseases, plant
biodiversity loss, and vulnerability due to lack of information about climate?

¢ How does knowledge shape decisions, and how and when are people capable of using new
information for decisions (collective action, groups, entrepreneurship)?

e Because the nature of the information is inherently probabilistic and/or is used in an uncertain
decision-making environment, do the new information and participatory processes used in
designing it reduce uncertainty?

e Does collaborative research with decision makers, where knowledge systems are shared through
groups and participatory approaches, engender knowledge that is relevant to the users (in their
language and context) and guarantees necessary conditions for ability to act?

The overall research framework and design seeks to identify — by the project’ s practices and/or strategies
—who benefits, why, and how.

Several factors were considered in the selection of Altiplano ecosystem sites. The first set included
physical characteristics such as altitude, rainfall, and temperature. The second dealt with relationship to
markets to capture differencesin the role of markets and policiesin shaping livelihood strategies. All sites
chosen shared the same culture and ethnicity.

Comparisons included access to and participation in markets, effects of climate trendsin short-term
strategies, and approaches to collaborative research between communities and organizations with
differing principles of collaboration. Collaboration revolved around volunteer farmer groupsin Umala
and community organizations in Ancoraimes and Puno. While groupsin Bolivia contributed to new
research activitiesin soils, pests, biodiversity, and climate, in Peru the focus was on approaches that
increase socia and political capitals. Peru introduced knowledge already devel oped through co-learning
and coalition building approaches. Research on soils and pests was initiated in the last year of the project
research according to plan in Peru. Finally, comparison of landscape changes across sites to evaluate how
market and climate drivers have an effect on land use and vegetation cover, and its changes, is research on
integration that is ongoing.

Objective 1: System dynamics and drivers

Hypotheses: Changes in climate have a negative impact on ongoing cropping systems.
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Methods: Conduct initial community participatory assessments of hazards and risks using focus
groups, group interviews, and interaction with panels of local experts followed by evaluation of
observed climate trends over the past 35 years using daily data from existing stations and
evaluation of Intergovernmental Panel on Climate Change (IPCC) modelsto seeif the models
reflect trends. Also, use satellite and aerial imagery to validate perceptions, and weather
information and stream gauging to develop a watershed model with climate scenarios. GIS
mapping of pest and disease responses to climate will be generated.

Hypothesis: Traditional cropping systems are changing in the face of increased climate risks. Changesin
cropping systems and soil management practices from traditional agricultural management systems due to
climate and markets will cause soil degradation, as evidenced by lower soil organic carbon, nitrogen, and
other soil properties.

Methods. Changesin cropping systems will be determined through baseline surveys and
participatory assessments as well as direct analysis of soil propertiesin farm fields with different
management regimes (fallow length).

Hypothesis. Ongoing land use cropping system practices that deviate from traditional practicesresult in

lower soil organic C and N. These changes are in fallow periods, rotations, tillage, and changes (in Peru)
from communal to private management. Changes in rotations and fallow uses, in addition to manure use
and plowing, have resulted in lower soil organic C and N.

Methods: Perform direct analysis of C and N levelsin farms with different types of management
regimes from current to most traditional. Farms will be identified from baseline surveys. The
baseline survey includes questions on land use, soil fertility, and production activities.

Hypothesis. Local perceptions of climatic conditions reflect the trends identified in climatology analysis
of the locality.

Methods: Baseline surveys and focus groups with local experts provided us with perceptions. Our
meteorol ogists will use available data to document actual weather trends, and then will work with
panels of local expertsto reconcile the two if necessary. These trends will be compared with
farmer perceptions obtained from focus groups and group interviews (Objective 2).

Hypothesis. Cropping system diversity has decreased in recent yearsin response to market incentives and
out-migration.

Methods: Baseline household survey will provide details on cropping systems. Thiswill be
supplemented by focus groups and community participatory assessmentsto recall changesin
production systems over the past few decades.

Hypothesis. Best disease- and pest-management practices are changing in the farm systems of our study
region, possibly due to climate change.

M ethods: Focus groups and local expert panels will describe and evaluate local practices and
recommended integrated pest management (IPM) practices to see whether they are becoming
more or less effective in the face of climate and economic changes. On-farm and community
research trials will compare traditional practices with recommended IPM practices, and a
predictive model for late blight and Andean potato moth will be validated.
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Hypothesis. Farm households having more crop diversity will have more stable levels of income and
well-being than less diverse ones.

Methods: Conduct an assessment of household production diversity and income as afunction of
the number and type of crop species and crop variety diversity using a household survey and field
measurements.

Hypothesis. Vulnerable households are less likely to be able to maintain biodiversity or improve natural
resources.

Methods: Surveyswill identify degree of vulnerability, and biodiversity will be directly
measured. The natural capital indicators will be developed by the soil, crops, biodiversity, and
production systems researchers and producers (Objective 1).

Objective 2: Perceptions and risks

Hypothesis. Perceived climate hazards are the most significant risk facing households in the communities
of the Altiplano.

Methods: Survey data, hazard risk mapping, and focus groups will rank relative risks. Thiswill be
used as the basis of risk assessment that looks at the relative level of risk posed by climate,
markets, pests, and family health and well-being.

Hypothesis. Perceptions of riskswill differ between local experts and other producers.

Methods: Network analysis using baseline survey (see previous hypothesis) supplemented by
group interviews and ethnographic data will identify local expertsin the areas of climate
prediction, marketing, and production. Their perceptions of risk factors will be compared with
those of other community members.

Hypothesis. Communities have local systems of soil classification and indicators that may differ from
science-based indicators placing more emphasis on organic content.

Methods: Participatory workshops identified these classification schemes, and soil sample were
taken in each soil type and evauated for organic C and N.

Objective 3: Practices and information

Achieving Objectives 1 and 2 will give us the information needed to develop new knowledge (human
capital). Are there viable alternatives? Are these communicated beyond the group to othersin the
community and to other communities?

Hypothesis: Traditiona (local knowledge-based) forecast methods are unable to predict current climate
behavior.

Methods: A baseline survey will provide perceptions of this phenomenon. Local forecasters and
expertsidentified in surveys and focus groups will make forecasts using traditional methods. Our
meteorol ogists will make forecasts using their models, and the results will be discussed in
workshops.
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Hypothesis. The networks that producers use to access information to help in their decision making are
not articulated to the networks through which experts, NGOs and government agencies try to disseminate
information to producers.

Methods: A household survey will use basic network analysis techniques to look at the flow of
information used in production decisions. Similarly, focus groups with extension workers and
scientists will identify the networks used in information dissemination strategies.

Hypothesis. Soil management practices that build up organic matter will increase production and mitigate
potential effects of climate change.

Methods: Conduct field trialsin the different communities to determine the first-year and residual
effects of existing and alternative soil amendments and other soil practices. Community focus
groups will evaluate the treatments during the field trials. Soil and plant samples will be analyzed
and yields collected to determine the effects of the treatments on crop performance and nutrition.

Hypothesis. Communities at higher atitudes will place a higher value on use of soil organic amendments
compared with inorganic fertilizers.

M ethods: Organize participatory workshops with community members, and conduct sampling
and analysis of soil organic amendments used in each community.

Hypothesis. Climate forecast models in conjunction with input from local experts can help in the
development of new production systemsto deal with climate risk.

Methods: Models from the IPCC are evaluated by scientists and local experts at workshops.
Mitigation and adaptation strategies are identified.

Hypothesis. Native varieties of potatoes may be used to enhance incomes and livelihoods.

Methods: Collections of potato varieties were made. They will be evaluated by community
members and the most promising included in the market development efforts under Objective 4.

Hypothesis. IPM packages for the potato weevil and potato moth can be optimized.

Methods: Farmer groups will design and carry out research on the components of current I1PM
packages and report results to the community.

Objective 4: Strategies and institutionsin market integration

Hypothesis. Vulnerable populationsin rural communities lack reliable market access to outputs and
inputs, as well as access to market information for their products.

Methods. Household survey information will compare market access by level of vulnerability
measured in terms of access and control of labor and land, assets, credit, and networks.

Hypothesis. Urban markets exist for native varieties and cultivars of tubers and grains that are now used
and valued only for home consumption.

Methods: Focus groups will examine the uses and desirable traits of native cultivars. Marketers
and urban consumers will be surveyed to identify potential demand. Data from USAID’s Market
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Access and Poverty Alleviation Project (MAPA) will be analyzed for the regions of study to
identify existing links.

Hypothesis. Participation of acommunity in the Advocacy Coalition process will generate knowledge
about value chains and demonstrable agency in accessing new markets.

Methods: Community members will be trained to conduct surveys of stakeholders related to
potato marketing and supported as they carry out these investigations. Thisinformation will be
returned to community members so that they can identify marketing and production strategies.

Objective 5: Capacities, capabilities, and ability to act

Development of capabilities and ability to act is based on the following conditions. First, the information
generated must be relevant, in the language of the user, and must fit within the decision-making process
of the potential user. Second, the decision maker must have the ability to act on the information. The
latter depends on the types of capital, means, and opportunities available to the decision maker as well as
the structure under which decisions are made.

Hypotheses:

e Socia capital of producerswill be increased during the life of the project, leading to out-scaling
of site research findings between countries.

e Group formation and vulnerability affect member participation and dissemination of information
throughout the community. Gender and life cycle differences exist in ability to participate in
groups.

e Interaction between university researchers and stakeholders (NGOs, USAID, international
organizations, government institutions focused on climate change) will increase as aresult of this
project and lead to upscaling research findings in the area of climate change and adaptation.

e Networks of rural producersin Altiplano ecosystems will lead to out-scaling of research products.

Methods: Farmer research groups will be monitored for participation, linking it to capital
measured in the surveys. Horizontal exchanges within watersheds and between Altiplano
ecosystems will be carried out and evaluated. A second household survey will track information
flows from participants to non-participants along with capital that contributes to changing
knowledge, skills, attitudes, and practices.

Hypothesis:. Community awareness of the mitigating effects of soil organic matter on increasing
temperature and decreased rainfall can be raised through community workshops, demonstrations, and
focus groups.

Methods: Conduct community workshops and demonstrations, and establish focus groups with

the field trials so they can observe the effects of increased soil organic matter on increased
temperature and decreased rainfall.
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Research progress by objective

Objective 1: Characterize the dynamics of Altiplano agro-ecosystems at
various scales to understand the impact of climate and markets as drivers
of change, and develop a shared understanding.

Critical research accomplishments

This year we completed a second household survey to assess impact of the project’ s three years of
research in Boliviaand Peru. It was also the third year of research on dynamics of pests at the Bolivian
sites and thefirst in the Peruvian site. Under soils, athird year of organic amendments research was
conducted in Bolivia, while in Peru research was conducted comparing soils conditions in private and
communal management of croplands. Landscapes research concentrated on analysis of changein the
vegetation cover in the northern Altiplano, changes in the vegetation diversity in the central Altiplano,
analysis of bofedales (peat bogs) in Peru and Bolivia, and mapping of resources and land use with
Peruvian farmers in two ecological zones. Biodiversity mapping was conducted in Umala and
Ancoraimes using maps with different degrees of resolution, for no additional images were obtained for
our research project. Finally, climate research focused on extremes and impacts on agriculture, especially
soil humidity projections, and dliciting findings of regional climate change projections conducted by
Peruvian scientists for the Puno region and Bolivian scientists in other regions of the Andes. A significant
amount of time was dedicated to returning all the research results and the local knowledge through
information products (more than 60) that targeted community groupsin Bolivia and Peru. In the next
sections we present the findings of Y ear 3 field activities of each theme.

Climate

The focus this year was to develop more detailed evaluations of climate tendencies using monthly and
daily datato avoid annual mean distortions. Understanding Altiplano climate change will certainly require
high resolution scenarios in this region of complex topography. Additional analyses of monthly station
observations show recent increases in summer precipitation and decreases in spring precipitation at
Patacamaya, Viacha, and Belen; however, the trends are not yet significant (Seth et al. 2009b). Analysis
of extreme indexes was performed for temperature at El Alto and for precipitation at Patacamaya, where
daily observations of sufficient quality and length are currently available. Results show significant
increasing trends in warm nights and warm spells, while frost days have also been increasing (not
significant). Precipitation extremes show increasing trends in consecutive dry days and heavy
precipitation events as well as precipitation intensity, though the trends are not significant at thistime.
(Thibeault et al. 2009a). Manuscripts were completed, submitted, and revised about the projections (Seth
et a.), extremes (Thibeault et al. b), trends (Garcia et a.), and linking knowledge systemsin climate
(vadiviaet al.).

Pests and diseases

The three-year field research plan for Bolivia was completed, where monitoring of the dynamics of pests
took place in the Central and Northern Altiplano. Climate trends and change were found to be different in
these regions, affecting the production system and the behavior of pests and diseases. The approach used
to monitor pests was similar in the two regions of Bolivia, but the crop focus was different. In the north
the focus was potatoes and in the Central Altiplano, potatoes and quinoa (Jarandillael al., 2009; Gonzales
et al. 2009). The mgjor pest threats identified by farmers — the Andean weevil and the potato tuber moth
were studied. Third-year research results are still being analyzed, but preliminary findings were presented
at the SANREM CRSP annual meeting.
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Changing climate and other factors are affecting the dynamics of pests differently in the central and
northern Altiplano. As a consequence, local knowledge has not been perceived as effective, and farmer
perceptions of control of this threat are low, while the risks are high. The analysis of the household
interviews conducted in 2006-07 showed that pests were perceived as alarge threat. Lossesto pests were
also high and prevalent. The Andean weevil is one of the most prevalent concerns of farmersin all crop-
producing communities. The studies on dynamics of Andean weevil find that it is a complex of species,
(inthe Altiplano sites the genus Premnotrypes spp and Rhigopsidius piercei). In the central Altiplano the
“new” genus Phigopsidius piercei isincreasing. It has adapted to the changing production patterns and is
causing high degree of losses in the high elevations of this ecosystem. In the northern Altiplano,
Premnotrypes spp prevails, and incidence increases with temperature, affecting more potato cropsin the
middle of the watershed at this point.

Thelesson learned is that dynamics are indeed changing. Farmers at the beginning of the research were
not able to distinguish between these two genera, which behave very differently in their reproduction. The
project’ s strategy was to share the findings and devel op integrated pest management training (co-learning)
to identify and manage crops. Three years of data and two of trainings were completed. Field research is
captured in articles prepared for the Spanish book of the project in Bolivia(Mamani et al. on Andean
weevil in the northern Altiplano; Jarandillain the central Altiplano; Mamani et a. on potato tuber moth in
northern Altiplano; Paredes and Verain the central Altiplano). Migration and competing demands for
labor are reducing the use of organic amendments and soil management practices that can reduce the
incidence of weevil.

Soils

Using community surveys and participatory workshops current and perceived changes in soil and crop
management practices due to climate and socioeconomic changes in Ancoraimes and Umala over the last
10 years were evaluated. . The information collected led to conclusions regarding perceived changesin
cropping systems and soil management practices.

The consequences of climate and socioeconomic changes identified by community members were
examined in further detail in a study that examined the effects of reduced fallow periods, which was
identified as a major source of soil degradation. Soil samples were obtained from a chronosequence of
fields that represented different years of cropping and fallowing on a similar soil type across a range of
landscape positions. These soils were extensively analyzed for differencesin soil organic carbon (C) and
other soil properties and were further analyzed under the soil quality cross-cutting project for changesin
soil organic C fractions and soil quality. During the last year, soil samples collected on the basis of crop
and fallow years from the different Umala communitiesin the central Altiplano of Bolivia were incubated
under controlled temperature and their soil water content and potential C and nitrogen (N) mineralization
evaluated.

The cropping system traditionally consists of three years of planting in arotation of potatoesfirst,
followed by grains or cerealsin the next two years. Figure 14 shows that initial cropping caused alarge
declinein potential soil N mineralization, which varied depending on the community. Soilsin
communities positioned in lower-lying areas (i.e., San Juan Circaand San Jose) had relatively lower total
soil N initially and therefore were generally lower in native soil fertility compared with soils from the
upper communities. With the exception of soils from San Jose, most of the other soils had increased
potential soil N mineralization with the higher the number of years of fallow. These results suggest that
different soil fertility strategies may be needed in the lower communities to manage the inherent lower
native soil fertility. Moreover, as fallowing length decreases, future research efforts to increase soil
fertility during fallowing should possibly focus on improved fallow systemsin which multipurpose
leguminous cover crops are used and the role of native species (e.g., thola—Parastrephia lepidophylla) in
soil fertility is evaluated further. Previously reported findings in this project indicated that soil under thola
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had significantly higher soil total organic C, total N, pH, soil test K, exchangeable Ca and Mg, and CEC
compared with cropped soil.
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Figure 14. Cumulative potential soil N mineralization after 84 days of incubation of soils with
different cropping and fallow lengths from different communities in Umala.

Extensive information was also gathered on the use of organic and inorganic soil amendments among the
different communities in Ancoraimes and Umala, which to date was documented in theses of Blas,
Herreraand Plata, and in forthcoming articles in the Bolivian book (Cusicanqui, Valdivia, Jimenez and
Gonzales). Thisinformation provides an understanding of how use of these amendmentsis changing in
response to socioeconomic factors, including increased urban migration for employment. Manure (cow,
sheep, camelid) and compost samples were collected from the communities to evaluate differencesin
composition of the organic materials commonly used for amending potato crops. As expected, increased
time of composting reduced the carbon-to-nitrogen ratio of the material, but nutrient content was
relatively similar across communities. Based on survey information, farmers differentially evaluated the
effectiveness of each manure type, with some preference for sheep manure as a soil amendment for
potato. Access to sheep manure is more limited, and the prices are high, according to participatory
assessments, which question its cost-effectiveness among farmers with few sheep and/or labor
availability.

A study of the management in Aynoka and private lands in Peru was also undertaken to compare the
effects of individual and communal management on soil fertility and soil total organic C in Peru. A
graduate student at Universidad Nacional Agrariala Molina (UNALM) in Peru undertook this research as
part of his master’ s thesis; the results of his analysis have not yet been completed. The study compares the
effect of two management systems on land degradation. Altiplano soils are relatively young and very
susceptible to degradation and loss of fertility. Soils are gradually less productive, requiring that farmers
increase fertilizer applications each year to maintain production. The soils were sampled in the two
management systems to determine the quantity of labile carbon and develop recommendationsto
maintain fertility. Information about the Aynoka (private lands) management system was collected with
farmers using participatory methodologies. Practices and types of soils were discussed with farmers. Soils
samples were collected and taken to Limato analyze at the UNALM soils laboratory. Analysis of the
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differences in soil management practices measured by soil composition is still underway. Results will be
shared with the community. The central hypothesisis that the Aynoca management systems will show
better soil quality, demonstrating that some traditional practices are good for soil conservation (Baylon
and Condor, 2008). This research is significant because of the existence of different management systems
in the Altiplano region of Boliviaand Peru and their potential effects on soil fertility and soil organic
management. Institutions such as Aynoca may be used as avenues to share new knowledge to increase
organic amendments that may buffer future losses of soil humidity due to climate change.

L andscape biodiver sity and water

Research on biodiversity was conducted at the ecosystem, watershed, and farmer field levels. In the case
of the northern Altiplano, data was collected and is currently being integrated into a database management
system using GIS. This site was selected as a baseline site for climate change research due to the observed
changes in trends and the production systems. It isfor this site that images were secured (May 2007) to
analyze the diversity of vegetation and land use patterns. Several articles were prepared for a book to be
published at the end of 2009. Navia (forthcoming) documented the methodology applied to the mapping
of resources in the northern Altiplano through image analysis. Naviaand Y ucra (forthcoming) concluded
apreliminary analysis of the micro-watershed Chinchaya Chojfiapatain Ancoraimes using temporal
analysis with Landsat Thematic Mapper, finding an increase in the vegetation cover of 47 percent
(believed to be increased cropping areas) when comparing 1996 and 2006.

Peat bogs (bofedales) research is being conducted by P. Zorogastua as part of his doctoral work. This
resource is critical in terms of water holding and carbon sequestration capacities. These are being lost to
farming through drying due to climate change. Field work was conducted in February 2009 in
Ancoraimes. The natural grasslands in the middle and higher elevations are overgrazed due to the high
number of animals per hectare. Thisis also happening in the bofedales. Cover and land use ground
truthing of the watershed was completed using the satellite image (SPOT of May 15, 2007), the
panchromatic mode with special resolution of 2.5 m x 2.5 m, and multispectral mode of 5m x 5m. The
SPOT image was digitally processed with Environment for Visualizing (ENVI). Analysis of images and
field work has identified an area of 875.8 ha of bofedales, which is 2.84 percent of the watershed. This
study will contribute to our understanding of the trends affecting the natural resource base critical to
resilient social and ecological systemsin the highlands. Farmers and researchers also devel oped digitized
maps of land resources at a second site, Apopatain Peru, where peat bogs are a critical resource for the
alpaca production system. Water flow was studied in the Ancoraimes watershed. The purpose isto
determine the relationship between climate and water flow and availability in the watershed of the
Hunauisco River in Ancoraimes. Thisisthe master’ sthesis research of M. Pefiaranda. Preliminary
findings are included a book to be published this year (Pefiaranda et al. forthcoming).

Analysis of the interaction between climate trends and production systemsin Ancoraimes was conducted
with participatory research and landscapes analys