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corporated in Hawaii in 1981. The association's 1,500 members, around the world, are dedi
cated to the use of nitrogen fixing trees (NFTs) to improve the well-being of small-scale resource 
poor farmers in developing countries. The NFTA encourages and supports the improved un
derstanding and use of these important multipurpose trees, through international research, 
outreach and communication programs. NFTA promotes the wise planting and management 
of NFTs to conserve soil and water resources, develop sustainable land use systems, and 
safeguard against destruction of our natural resources. Building the technical capabilities of 
scientists and extension agents to improve the use of NFTs in rural development forestry is 
of utmost importance to NFTA. 

FORESTRY SUPPORT PROGRAM 

Located in the Office of International Forestry of the United States Forest Service, the FOR
ESTRY SUPPORT PROGRAM (FSP) was established to bring the knowledge and experience 
of the professional forestry community to bear on the forestry development activities of the 
U.S. Agency for International Development (USAID). FSP provides technical assistance to 
USAID in identifying, designing, managing, and evaluating field projects and country strate
gies in forestry and related natural resources management. This program is managed jointly 
by the Forest Service and the Office of International Cooperation and Development (OICD), 
both of the U.S. Department of Agriculture. FSP is funded primarily by the Office of En
vironment and Natural Resources of the USAID's Bureau for Research and Development 
(USAID/R&D/ENR). 

EAST-WEST CENTER 

The EAST-WEST CENTER was established in Hawaii in 1960 by the United States Congress 
"to promote better relations and understanding between the United States and the nations 
of Asia and the Pacific through cooperative study, training, and research:' The ENVIRON
MENT AND POLICY INSTITUTE (EAPI), East-West Center, was established in October 
1977. Through interdisciplinary and multinational programs of research and training, the in
stitute seeks to develop concepts and methods for sustainable environmental management and 
to address major environmental issues of the Asia-Pacific region. Reconciling development 
with the environment by bringing social and natural systems into harmony with one another 
is EAPI's overall objective. 
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FOREWORD 

The agroforestry literature deals with both the theoretical side and the methodological/ 
empirical side of agroforestry economics. However, review of that literature leads one to the 
conclusion that theory is further ahead than practice. 

There are no particularly baffling theoretical issues before us in developing a sound theoretical 
base for agroforestry economics. However, there are many methodological issues that remain 
in terms of applying that theory in practice. These issues relate to such problems as lack of 
production function data (e.g., related to the effects over time of underground competition and 
complementaries), joint cost allocation, dealing empirically with externalities and nonmarket 
values, and assessment techniques under conditions of uncertainty and data shortages. Given 
these problems, it is understandable that past surveys of the literature, such as the excellent 
recent review done by ICRAF,i have found a scarcity of comprehensive economic analyses of 
actual agroforestry systems. 

The organizers and supporters of this workshop wanted to reduce the imbalance between theory 
and application. Thus, this proceedings makes a step in that direction by providing a collection 
of case studies and a synthesis of what is known. The volume also contains critiques of the case 
studies. In addition, and complementing the case study work, there were five working groups 
that addressed thematic issues: data collection and analysis, on-station experimentation vs. on
farm research, economic analysis tools, marketing issues, and field evaluation techniques. 

In some cases, the authors have had to tackle their work with less than perfect data. In the 
process of struggling with this problem, they have helped to bring to light the pervasive 
problems involved in attempting to apply economics to agroforestry systems. For example, they 
have helped us to focus more clearly on the specific data limitations for different agroforestry 
systems and on the problems of valuing the inputs and outputs associated with such systems. 
While this proceedings provides a step in the right direction, it also makes us aware that much 
remains to be done. 

There is a need for practical workshops in developing countries that address the various 
economic issues associated with initiating, expanding, and managing agroforestry programs; 
there is a need for user-friendly guidelines for economic analysis; and there is a need for 
additional policy research and analysis for government agencies and NGOs involved in 
promoting agroforestry programs. Planning and implementing these activities is a challenge for 
groups such as NFTA, ICRAF, IFPRI, and other groups concerned with development and 
dissemination of sustainable land use approaches. 

Agroforestry has the potential to contribute directly to sustainable improvements in rural 
income and welfare, to reclamation of degraded agricultural lands, and to the conservation of 
tropical forests, through a role in expanding sustainable agroforestry alternatives to slash and 
burn farming. As agroforestry research moves ahead, including within its newfound position 
in the Consultative Group on International Agricultural Research (CGIAR), it is to be hoped 
that those who lead the effort-among others, ICRAF, NFTA, and regional MPT improvement 

'Swinkels, R. A., and S. J. Scherr. 1991. Economic analysis of agroforestry technologies: An 
annotated bibliography. ICRAF, Nairobi. 213 pp. 
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networks-will give proper recognition to the need to expand our understanding of the economic 
aspects of agroforestry and the use of economics in developing incentive systems, agroforestry 
product markets, and economically sustainable alternatives to destructive management systems. 

x 

Hans Gregersen 
Professor 
University of Minnesota 
College of Natural Resources 
Department of Forest Resources 
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EXECUTIVE SUMMARY 

Financial and Economic Analyses of Agroforestry Systems presents the proceedings of a 
workshop sponsored by the Nitrogen Fixing Tree Association, the Forestry Support Program 
(USAIDjUSFSjOICD), and the East-West Center. The objective is to assist agroforestry 
planners and economists in improving the design and implementation of economic field studies 
of agroforestry systems, projects, and programs. Workshop participants, representing a broad 
array of backgrounds and disciplines from Africa, the Americas, Asia, the Pacific, and Europe, 
evaluated methods for determining the economic feasibility and impacts of agroforestry systems 
through two main forums: 

• Group discussions of five central themes for conducting financial and economic 
field studies of agroforestry, and 

• Presentations, discussions, and critiques of a series of case studies. 

Part I provides an assessment of the state-of-the-art of agroforestry economics and an overview 
and summary of the case studies and invited papers presented at the workshop. Part II 
presents the results of working group discussions of five central themes for conducting financial 
and economic agroforestry field studies. The case studies and invited papers appear in Part III. 
Each case study is followed by a working group's critique of the paper. 

Part I. Financial and Economic Analyses of Agroforestry Systems: An Overview of the Case 
Studies. Sara Scherr examines the state-of-the-art of agroforestry economics by briefly 
answering three questions: 

• What economic information is needed by agroforestry programs? 

• Is agroforestry economics different from other subdisciplines of agricultural and 
natural resource economics? 

• What is the status of the existing agroforestry economics literature? 

At the household level, agroforestry planners require information that allows comparison of the 
net benefits of agroforestry relative to alternative land uses. Scherr stresses the need to use the 
households' own valuation criteria as the basis of these assessments. At the community, 
watershed, or regional level, economic analysis is required for estimating aggregate income and 
environmental impacts of agroforestry projects. 

Agroforestry economics differs from other sUbdisciplines of agricultural and natural resource 
economics only in the practical problems of implementing a theoretical framework common to 
all. The complexity of agroforestry does not require new theories but rather innovative 
approaches to applying standard economic theory. This is emphasized by the fact that 
economic theory, concepts, and methodologies are well documented in the agroforestry 
economics literature, while rigorous field studies applying these concepts and methods are 
underrepresented. 

Following a detailed overview and summary of the case studies, Scherr discusses their 
implications for improving economic analysis of agroforestry systems in four main areas: 
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• Understanding the context for agroforestry development, 

• Collecting field data on agroforestry economics, 

• Selecting appropriate methods and assessment criteria, and 

• Assessing farmer decision making. 

Moving from plot and farm-level analysis to regional impacts of agroforestry requires 
improvement in "sector analyses" of the impacts of input and output markets on agroforestry 
production and demand. Since inadequate data are the major constraint, agroforestry economic 
analysis can be improved by developing agroforestry data bases from intensive long-term field 
monitoring and developing collaborative interdisciplinary field studies. Scherr also suggests that 
agroforestry cost-benefit analysis can be substantially improved with alternative methods such 
as farm income and productivity analysis, gross margin analysis, farm budgeting, constraints 
analysis, and empirically based bio-economic modeling. Fmally, the case studies illustrate the 
value of incorporating farmer decision making, assessments, and assessment criteria into 
economic analysis of agroforestry. 

Part II. Group Themes on Important Topics in Financial and Economic Analyses of Agroforestry 
Systems. Part II presents the results of group discussions on five major themes for agroforestry 
economic analysis. Christophersen's highlights of what he considered to be the key points of 
the discussions are followed by the working groups' detailed reports on each of the five themes. 

Improving preparations for performing economic analysis and, in particular, determining "what 
should be analyzed and why" is the focus of Theme 1. The discussions emphasize problems and 
solutions for determining which interventions to analyze when reliable data bases are absent. 
Based on this discussion, the group presents a detailed overview of the steps for preparing an 
agroforestry project and implementing field reconnaissance of local constraints and 
opportunities. Among the critical lessons learned is the need for diligence in avoiding pressures 
by sponsoring agencies to massage benefits and costs to achieve acceptable rates of returns. 
Finally, the lack of reliable agroforestry data bases requires analysts to be more rigorous in the 
selection of technical alternatives for ex-ante analyses and for sponsoring agencies to take great 
care in selecting qualified personnel able and willing to work productively in an interdisciplinary 
atmosphere. 

Theme 2 discussions concern criteria and methods for data collection-what to measure and 
how to improve the data collection process. Minimum data set requirements are outlined, and 
a detailed list of data needs and prototype data collection forms are provided. Documented 
data on tree/crop interactions and the impacts of differing levels of management intensity on 
crop and wood yields are reported to be essential for credible analyses. 

Theme 3 examines the applicability of experiment station and on-farm trials for economic 
analysis. This working group examines the relevancy of experiment station data, appropriate 
issues for analysis with experiment station data, limitations for using on-station data, and 
resolving problems using experiment station data. Both experiment station and on-farm field 
data are deemed essential. Experiment station data allow identification of benchmarks under 
ideal conditions, while on-farm field data allow the analyst to factor in local constraints. 
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Comparing results by farmers using experiment station systems provides a means to identify the 
extent to which experiment station results should be adjusted for field analysis. 

Theme 4 concerns the need for agroforestry market analysis. An often overlooked component 
of economic analysis, market analysis for different product mixes may help resolve 
interdisciplinary conflicts in project design and implementation. A set of guidelines for 
undertaking agroforestry market analysis is developed. The guidelines focus on forest product 
markets since substantial information is generally available for agricultural markets. 

Theme 5 examines the choice of methods and models for agroforestry economic analysis. 
Criteria for economic analysis of agroforestry are developed and the strengths and weaknesses 
of alternative methodologies assessed. Correctly applied, traditional cost-benefit is deemed 
appropriate for analyzing agroforestry. Problems arise, however, with the prevalence of 
nonmarket and external benefits and costs associated with agroforestry and in the use and 
interpretation of the results of cost-benefit analysis by decision makers. In addition, economists 
are encouraged to actively seek, review, and use the results of techniques such as farm income 
analysis, farm budgeting, production function analysis, and mathematical programming to 
improve inputs for cost-benefit analysis. 

Starr and Christophersen's concluding paper 10 Part II summarizes the working groups' 
discussions of the following six key questions: 

• What are the types of questions various client groups are or should be asking 
about the economics of agroforestry? 

• What are the theoretical/methodological challenges of applying economic or 
financial analysis to agroforestry? 

• What are the constraints to implementing standard economic analysis in 
agroforestry? 

• How can agroforestry economics information be disseminated? 

• What types of training should be provided for extension project personnel and 
researchers? 

• Where can methods be improved? 

Although various client groups may pose their questions differently, they all revolve around 
determining whether agroforestry pays and which system or systems maximize profits under 
various social, economic, and ecologic conditions. As mentioned repeatedly throughout this 
volume, methodological and theoretical developments are not seen as major challenges for 
agroforestry economic analysis. Rather, the greatest challenges lie in improving the rigor of 
field level analysis with respect to developing and documenting assumptions, selecting 
alternative technologies for analysis, improving data bases, and interpreting results for decision 
makers. Major constraints to implementing agroforestry economic analysis include difficulties 
with the necessary interdisciplinary collaboration, improving inadequate data bases, and resisting 
pressures to produce the results desired by the sponsoring agency. 
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Improving information dissemination requires an institution or organization to take a leadership 
role in producing regular annotated bibliographies of publications, providing a clearinghouse 
for unpublished economics work or data generated through projects, and publishing an 
agroforestry economics journal or newsletter. The workshop participants outline a 
recommended three-week short course to provide basic and field-oriented economics training 
for noneconomist extension personnel, researchers, and host country project/program planners. 
The methods examined include project evaluation; intertemporal dynamic analysis; analysis of 
complex, existing agroforestry systems; comparative analysis of different agroforestry and 
nonagroforestry systems; and bio-economic modeling. Improved training of analysts and 
increased care and rigor in using the various methods are suggested avenues for improving 
economic analysis of agroforestry systems. 

Part III. Case Studies, Critiques, alld Illvited Papers. Ten case studies from Africa, Latin 
America and the Caribbean, and Asia and the Pacific and three invited papers are presented 
in the book's final section. A broad range of methodologies and techniques are represented 
in the case studies and invited papers; for example, traditional benefit-cost analysis based on 
capital budgeting criteria, bio-economic modeling and computer simulation, and techniques for 
collecting field data and examining equity impacts of agroforestry projects. Detailed summaries 
of the case studies are presented in Scherr's overview in Part I. 

Short critiques follow the ten case studies. Working groups prepared these critiques in order 
to summarize the case studies' major strengths and weaknesses identified during the workshop. 
Due to time constraints, more thorough critical analyses of the case studies were not possible. 
The critiques, however, provide guidance in selecting and implementing methods for economic 
analysis and in presenting research results. 

The first four papers involve ex-allte assessment of agroforestry development. Avila's 
conceptual framework for the role of economic analysis in agroforestry technology development 
is followed by case studies from Nigeria, Senegal, and Niger which use field and experimental 
data in cost-benefit analysis to compare expected economic returns from various agroforestry 
systems. 

The next three papers assess the economic implications of different management options using 
on-station experimental data for selected agroforestry technologies in Nigeria, Kenya, and Costa 
Rica. Using a variety of techniques such as traditional cost-benefit analysis, bio-economic 
simulation modeling, and sensitivity analysis, these papers point out the potentials and problems 
with using on-station experimental data for technology assessment. 

The following three papers by Reiche, Saxena, and Street use actual on-farm household level 
data for financial analyses of agroforestry development projects promoting living fences in 
Central America, eucalyptus on bunds in northwest India, and woodlots in Haiti. They provide 
examples, problems, and solutions for collecting and utilizing farm survey data in financial 
analyses of actual agroforestry projects. 

The final set of papers examine aggregate economic impacts of agroforestry practices in 
Micronesia, Central Java, and the Ecuadorian Amazon. Working up from the estimation of 
household benefits and costs from different agroforestry systems for different types of farm 
households, these papers extend the analysis to also consider the impacts of agroforestry on 
food and wood markets and aggregate production and income. Raynor's examination of 
indigenous agroforestry in Micronesia underlines the need for agroforestry sector analyses for 
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land-use planning. Sunderlin's study of the distribution of benefits from agroforestry projects 
in Central Java emphasizes the need to also consider equity impacts in economic analyses. 
Uquillas et al.'s regional socioeconomic impact assessment of improved agroforestry 
technologies in Ecuador provides a vivid example of a comprehensive, multi-method approach 
for analyzing large-scale regional agroforestry projects. 

xix 

D. Evan Mercer 
Duke University 





PART I 

FINANCIAL AND ECONOMIC 
ANALYSES OF AGROFORESTRY SYSTEMS: 
AN OVERVIEW OF THE CASE STUDIES 





Scherr, Sara J. Senior Research Fellow, International Food Policy Research Institute (IFPRI), 
1776 Massachusetts Ave., N.W., Washington, DC 20036-1998, USA. 

FINANCIAL AND ECONOMIC ANALYSES OF AGROFORESTRY SYSTEMS: 
AN OVERVIEW OF THE CASE STUDIES 

INTRODUCTION 

International and national investment in tropical agroforestry development increased markedly 
during the past decade. Early support was spurred by concern for environmental problems 
(e.g., deforestation, desertification, soil erosion) and by aggregate shortages of household 
fuelwood supplies. Agroforestry interventions were selected and evaluated mainly for their 
purported effects on environmental factors or wood supply. Ex-allte economic assessments (i.e., 
studies done prior to project implementation) were rarely undertaken in a rigorous way, due 
to the lack of available economic field data for most agroforestry interventions and the low 
priority of data collection. 

Those responsible for promoting agroforestry among farmers, however, rapidly realized that 
farmer adoption of new practices and their willingness to extend existing practices was critically 
dependent on perceived financial and economic benefits at the household level. Furthermore, 
such information was essential for evaluating the impact and cost-effectiveness of agroforestry 
programs at a community or regional level. 

Nonetheless, few programs have established systems to monitor the economic performance of 
agroforestry. A 1988-89 review of technology evaluation activities in 108 agroforestry projects 
revealed that only 13% assessed economic costs or benefits, less than a third assessed yields, 
7% assessed labor requirements, and 23% formally solicited farmer evaluation of technologies. 
Half of the projects assessed impact, but of these only 8% assessed the costs and benefits of 
technology adoption and 16% assessed changes in product supply (Scherr and Muller 1990, 
1991). 

For many program managers, a major constraint to implementing financial and economic 
assessment of agroforestry is the lack of guidelines for data collection and analysis. Inconsistent 
methods among projects that do carry out economic studies limit their value for cross-project 
comparison. Perceived methodological problems have restricted funding of economic studies 
of agroforestry. 

The seminar on Financial and Economic Analyses of Agroforestry Systems, sponsored by the 
Forestry Support Program (USAID/USFS/OICD) and the Nitrogen Fixing Tree Association, 
was organized to help program managers and economists design and implement economic field 
studies. Guidelines developed at the seminar were drawn partly Crom a critical review of ten 
case studies which illustrate a variety of data sources and analytical approaches. The purpose 
of this overview is to guide the reader through the case studies. The frrst section discusses the 
state-of-the-art of agroforestry economics. The next section identifies the main methodological 
contributions of the case studies. The final section highlights issues of special concern. 

3 



THE STATE-OF-THE-ART OF AGROFORESTRY ECONOMICS 

Economic information needed by agroforestry programs. Rigorous assessment of agroforestry 
technical or policy interventions (both ex-ante and ex-post) will typically require economic 
evaluation at several different scales of analysis. 

Household or farm levels. At the farm or household level, net benefits of a new 
agroforestry practice or policy need to be evaluated relative to alternative land uses, 
management regimes, or nonfarm activities. Farmers' own evaluation criteria and valuation of 
costs and benefits must be used in interpreting adoption behavior. Intrahousehold division of 
labor or output must be assessed to judge impacts of agroforestry practices on households. 
Farm-level studies can elucidate key social and economic factors affecting farmer use and 
management of agroforestry practices and the effects of agroforestry practices on household 
resource use. 

Community levels. Various groups of households may have fundamentally different 
access to key resources, markets, and production alternatives and, thus, fundamentally different 
costs and benefits for some agroforestry practices. Understanding these differences is critical 
in adapting agroforestry interventions to different clients or in analyzing overall program 
benefits for farm households. 

Watershed or regional levels. Widespread changes in agroforestry practices at the 
farm level usually have economic effects beyond the farm household. Changes in regional 
demand for agroforestry production inputs may lead to changes in input prices or access. 
Changes in levels of production may affect prices of products and substitutes. Changes in 
output and income distribution may affect patterns of consumption and effective demand. 
Changes in land use may affect regional food supply. Aggregate income and environmental 
effects may affect non-project households. 

Is agroforestry economics different? A vast array of approaches, methods, and tools has been 
developed in agricultural economics, forestry, and natural resource economics to address these 
questions. Analyzing the economics of agroforestry presents problems not so much of theory 
or general methods, but of practical implementation. Lack of empirical data-on scale and 
distribution of production, on productivity, on management, on use---can cripple ex-ante analysis. 
The complexity and variability of many agroforestry systems-multiple components which may 
vary over time, irregular spatial and temporal distribution, variable outputs from the same 
system depending upon climate and management-demand unusual skill even to surveyor 
monitor farmers' plots, much less evaluate their economic performance statistically. Economists 
studying agroforestry also face inadequate data on environmental effects and problems in 
valuing environmental benefits. 

These problems are exacerbated by disciplinary specialization. Agricultural economists are not 
trained to assess farm trees not grown in blocks or intensively managed, while forest economists 
are unfamiliar with farm management analysis and farm survey techniques. Few economists 
are trained to assess cultural, tenurial, or institutional factors that affect economic decisions of 
farmers. Few have the technical background to work well with technical experts, whose 
jUdgement must often substitute for empirical data. 

4 



The existing literature on agroforestry economics. Economic questions about agroforestry 
were little explored before 1980. There has since been substantial progress in concepts and 
methods, including analysis of agroforestry in household economic strategies and decision 
making (Arnold 1987; Falconer 1990); assessment of the roles of agroforestry in agricultural 
economies (Raintree 1990); multi-period budgeting and cost-benefit analysis for agroforestry 
(Hoekstra 1990); field data collection methods (Reiche 1988); and rapid appraisal techniques 
for agroforestry economics (Scoones and Pretty 1989). Meanwhile, the personal computer 
revolution has increased the potential for quantitative assessment of complex agroforestry 
systems. 

However, the 230 entries in a recent bibliography reveal that applied field research on 
agroforestry economics is still underdeveloped (Swinkels and Scherr 1991). Many different 
technologies have been studied, but few with enough detail or sites to draw firm conclusions 
about their economic attributes. Ex-allte analyses predominate, usually with limited field 
assessment. Only a fifth of the studies used empirical data from farm studies, and a third from 
farm surveys. Most studies were carried out by research institutes, universities, or international 
agencies. The paucity of economic studies by field projects with development objectives, only 
16% of entries in the bibliography, is notable and disturbing. 

CONTRIBUTIONS OF THE CASE STUDIES 

The papers presented at the seminar generally overcame the main weaknesses identified in the 
bibliography. The ex-allte studies are based on relatively reliable secondary data complemented 
by field studies to develop the key economic assumptions used in analysis. The ex-post studies 
pay careful attention to field data collection and selection of appropriate assessment criteria, 
and use complementary methods to check interpretations of the data. The studies were 
designed to consider a wide range of conditions, rather than the situation at one place and one 
point in time. 

Table 1 summarizes the key features of the case studies. They are grouped below by the 
objective of economic analysis: 

(1) To estimate farm-level financial or economic returns from proposed agroforestry 
interventions (ex-allte); 

(2) To estimate financial or economic returns from different management options for a specific 
agroforestry practice (ex-allte); 

(3) To assess the actual financial or economic returns from farmers' agroforestry practices (ex
post); 

(4) To assess the economic effects of agroforestry interventions at a community or regional 
level (ex-post). 
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Table 1. Key features of economic case studies presented at the Financial and Economic 
Analyses of Agroforestry Systems Seminar. 

No. sites 
Country Agroforestry Ex-ante/ (sample 

Authors (ecozone) practices ex-post size) Type of analysis 

Ehui Nigeria A1ley-cropping Ex-ante Cost-benefit analysis 
(humid) rotational fallow (financial), capital budgeting 

Jabbar, Nigeria Alley-cropping Ex-ante 1 Partial budget analysis 
Cobbina (humid) 

Karch Senegal Field trees, fruit/nut Ex-ante Cost-benefit analysis 
(semi-arid) orchards, block plant- (financial), modelling 

ing, windbreak, live 
fencing, b~rder, road-
side planting 

Raynor Micronesia Agroforests Ex-post (57) Farmer survey; agroforestry 
(humid) sector analysis; farmer 

decision making 

Reiche Guatemala Living fences Ex-post 1 Partial farm budget, gross 
(humid) margin analysis, cost-benefit 

analysis (financial) 

Saxena India Timber trees on field Ex-post 15 Partial budgeting, cost-benefit 
(semi-arid, borders (115) analysis (financial); farmer 
irrigated) survey, decision making 

Street Haiti Border planting, Ex-post 3 Cost-benefit analysis (financial); 
woodlots farmer survey 

Sunderlin Indonesia Taungya afforestation Ex-post (60) Cost-benefit analysis (economic, 
(humid) (32) project); farmer survey 

Thomas, Kenya Alley-cropping Ex-ante 4 Partial- and whole-farm 
Wojtkowski, (humid) budgeting, gross margin 
Dezkorowajnyj, analysis, cost-benefit analysis 
Nyamai, Willis (economic), bio-cconomic-

modeling; break-even 

Uquillas, Ecuador Timber trees in pasture, Ex-post 13 Partial-farm budgeting, cost-
Ramirez, (humid) timber trees in coffee, (190) benefit analysis (project); 
Sere shrubs in pasture, cover farmer survey; break-even 

crop in coffee, improved analysis; farm income 
management analysis; market study 

von Platen Costa Rica Timber trees in cacao; Ex-ante Cost-benefit analysis 
(humid) trees for mulch in cacao (financial) 

Williams Niger Multipurpose trees Ex-ante Cost-benefit analysis mixed 
mixed with annual crops financial); farmer decision 

making 

• Analysis based on data from secondary sources, originally collected from key informants, farm surveys, or field 
experiments. 

Economics research in technology development. The paper by Avila presents a conceptual 
model of economics research in the process of agroforestry technology development. He 
asserts that economic evaluation of a technology should be based on an understanding of its 
potential relevance, impact, and implications for the farm household or farming system. This 
requires a clear assessment of household objectives and strategies of resource allocation. Key 
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criteria for economic assessment of technologies include not only profitability, but also 
manageability, effects on risk, and adoptability. This household decision-making model was 
used, explicitly or implicitly, in all of the economic case studies. The paper also identifies three 
priority areas for economic research, which require data from comparative case studies: 

Understanding why and how farmers use and manage agroforestry; 
Determining the short- and long-term impacts of agroforestry in environments with 

differing potentials; and 
Developing relevant indicators and cost -effective methods to describe, explain, and 

predict agroforestry impacts and adoption. 

Ex-tmle assessment of agroforestry technologies. Three case studies compare potential 
economic returns from different agroforestry interventions, using field estimates and 
experimental data. Cost-benefit analysis (CBA) is used within a broader framework of regional 
analysis. 

The study by Ehui draws upon results from alley-cropping and soils research in Nigeria to 
develop a model to estimate net present value (NPV) for different maize production 
technologies in the humid zone. The paper compares two bush fallow systems, no-till 
cultivation, and two leucaena alley-cropping systems with different alley widths. Analysis 
explicitly accounts for trends in soil erosion and crop productivity under each system. The 
systems are evaluated under scenarios of high and low population density (through assignment 
of different land and labor values), which confirm the hypothesis that intensive soil-conserving 
technologies are not economic for farmers until a certain level of land scarcity exists. 

Karch illustrates the effective use of secondary data in ex-ante analysis of agroforestry systems. 
He uses a spreadsheet model to calculate financial costs and benefits for different agroforestry 
practices in western Senegal, compared to a "base case" of crops with no agroforestry. Data 
in the model include research findings, farming systems studies, data from previous projects, 
a baseline survey, a survey of forest products, and some best-guess estimates. Findings are 
subjected to sensitivity analysis for variation in labor values, discount rate, tree survival, and 
financial incentives. 

Williams presents a framework for cost-benefit analysis of multipurpose trees mixed in crops 
in semi-arid Niger. He describes procedures for assigning values to inputs and outputs for 
financial and economic analysis, and measures economic performance in terms of net present 
value (NPV), internal rate of return (IRR), benefit-cost ratio (BCR), and sensitivity analysis. 
He then presents a case study for intercropping millet-cowpea with Zizip/tus mauritiana, 
identified as a priority component by farmers. The study illustrates the use of detailed, village
level farming systems studies to construct realistic ex-allte economic models of agroforestry. 

Assessment of management options ror agrororestry. Three cases modeled the performance 
of different management options for a selected agroforestry technology. All used technical 
coefficients drawn from experimental research, and authors discuss the problems associated 
with using experimental data. 

Jabbar and Cobbina used the results of on-station alley-cropping trials in Nigeria, assessing the 
effect on maize yield of different proportions of leucaena prunings (0-100%) applied as mulch, 
with the rest used as fodder. The treatments were analyzed economically for different levels 
of maize yield, at given prices for maize and live weight of small ruminants. The author 
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concludes that crop response to mulching is the most important determinant of whether or not 
the use of prunings for feeding animals is economic. 

The paper by Thomas, Wojtkowski, Bezkorowajnyj, Nyamai, and Willis presents a biologically 
driven model for leucaena-maize alley-cropping, which can be used to assess financial and 
economic returns under a range of technology designs and site conditions. This spreadsheet 
model can be used for ex-ante analysis, using biological functions within the model, or ex-post, 
by allowing specification of local parameters and data. The model is illustrated with data from 
on-farm research trials in western Kenya. Analysis includes comparison of gross margins per 
hectare, changes in site productivity over time, and assessment of management options for 
mulch (fodder and green manure). This paper shows how bio-economic modeling can indicate 
the relative magnitude of effects of physical and fmancial trade-offs in the system over time. 

Von Platen utilizes data from the Central Experiment at CATIE in Costa Rica to compare 
fmancial returns from intercropping two different tree species with cacao: the nitrogen-fixing 
tree Erythrina poeppigiana and the timber tree Cordia alliodora. Returns to land and labor are 
calculated, with discount rate a crucial variable. The cacao-timber intercropping is found to be 
more profitable under most scenarios for the site conditions described. Problems of ascribing 
realistic labor and capital costs and prices are discussed, as are the limitations of experimental 
design. 

Economic assessment of agroforestry on farms. The next three case studies evaluate actual 
fmancial returns, at the household level, of agroforestry practices being promoted by 
development projects. Data were collected by intensively monitoring selected farms, together 
with farm surveys using larger samples. 

Reiche describes a methodology developed by CA TIE to monitor agroforestry production and 
economics on demonstration farms managed by extensionists. It includes timed measurement 
of labor productivity by activity or by complete operation and recuperation of data from past 
plantings, as well as basic farm management data. Data are intended to assist regional 
agroforestry extension programs. Financial analysis of Eucalyptus camaldulensis live fencing 
on a farm in Guatemala uses farm management data together with live fence data collected 
from a demonstration farm. The paper confirms the practical value of developing standardized, 
field-based bio-economic coefficients for agroforestry technologies. 

Saxena's paper presents evidence from farmer surveys and interviews in northwest India 
regarding economic losses suffered by farmers planting eucalyptus on farm bunds, due to 
reduction in yields of associated crops. The study illustrates the value of detailed farm 
management data in assessing the economic viability of an agroforestry practice and 
understanding variability in economic returns for farmers with different management options. 
The paper identified serious problems in ex-ante project analyses. 

Street presents fmancial analyses of woodlot and border plantings of farmers participating in 
the Agroforestry Outreach Project in Haiti. A survey of 62 participants indicated satisfaction 
with introduced technologies but presented problems in quantifying costs and benefits. 
Intensive data collection was done on four farms for physiography, tree growth and biomass 
production, and yields of associated crops. Price data for charcoal and pole outputs were drawn 
from previous market studies. Results of cost-benefit analyses (CBA) were sensitive to product, 
tree species, seedling cost, and processing technology. 
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Aggregate economic elTects of agroforestry practices. The last three case studies extend the 
financial and economic analyses of agroforestry systems beyond the household level. In addition 
to household costs and benefits, they investigate changes in aggregate production and income, 
market factors, and variation in fmancial returns from agroforestry for different types of 
f8rmers. 

Raynor assesses the economic performance of the indigenous agroforests of Pohnpei Island in 
Micronesia. He describes the role of the agroforests in the subsistence, prestige, and 
commercial economies of the island, as well as in ecological stability, using data from farmer 
and field surveys and participant-observation. He examines the use of land, labor, and capital 
inputs in production and farmers' decision making about resource allocation and attempts to 
project potentials for growth in this sector. This paper highlights the need for agroforestry 
sector studies to guide land-use policy. 

Sunderlin's study evaluates the distribution of socioeconomic benefits in a "showcase" social 
forestry site in central Java for taungya afforestation. A household survey of 60 project 
participants included information on participant selection, access to land, household production, 
income and expenditures, and project assessment. Significant differences in economic returns 
(BeRs) for different income and land-ownership classes were found. A survey of 32 non
participating households also suggested that equity criteria had not been met in the participant 
selection process. This study illustrates the importance of stratifying different groups of farmers 
both to assess equity in allocation of project resources and to assess differences in fmancial 
benefits from a given technology. 

Uquillas, Ramirez, and Sere present the results of an integrated research program to assess the 
socioeconomic impact of several improved agroforestry technologies in the Ecuadorian Amazon. 
Methods of data collection for economic analysis were described, including intensive monitoring 
of agrisilvicultural systems on thirteen farms to obtain production coefficients, a random survey 
of 190 small farms in the project area to assess adoption of new practices, and a study of 
markets for agroforestry products and inputs to determine prices. The study also used data 
from a baseline survey of existing agroforestry systems and agroforestry field trials. A cost
benefit model was developed to evaluate financial and economic profitability at the levels of the 
plot, the farming system, and the project. This paper illustrates the type of comprehensive, 
multimethod approach to agroforestry assessment which should become standard for any large
scale agroforestry project. 

IMPROVING ECONOMIC ASSESSMENT OF AGROFORESTRY 

The case studies and critiques underline some of the challenges to rigorous economic 
assessment of agroforestry systems. 

Understanding the context for agroforestry development. Plot-level inputs and outputs provide 
only a partial picture of the economic viability of an agroforestry technology. Understanding 
the socioeconomic context for technology use is essential for proper valuation of inputs and 
outputs, and assessment of risk, management feasibility, and likely integration into the regional 
farming system. 

Ehui, for example, assessed the "fit" of soil-improving systems under different regional 
conditions of land scarcity. Raynor assessed agroforests in the context of changing rural 
employment patterns and food preferences. Sunderlin assessed the social forestry project in 
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a larger community context including nonparticipants. The Ecuadorian project, described by 
Uquillas et al., was conceived and evaluated within a framework of regional development. 

Several aspects of socioeconomic analysis are particularly weak in the agroforestry economics 
literature. "Sector analysis" describing regional structure and variation of agroforestry 
production, use, and markets is notably lacking. There are few dynamic studies of the influence 
of changing price relationships for inputs and outputs on the economics of agroforestry 
technologies. Technology assessment is only infrequently placed in the context of historical 
trends in land and tree use. The reports of the working groups on pre-appraisal for 
agroforestry and assessment of agroforestry product demand suggest other key factors to 
examine. 

Collecting field data on agroforestry economics. Good economic analysis requires good data 
on physical inputs and outputs, prices, environmental effects, management, and farm resources. 
These data have been particularly difficult to obtain for agroforestry. Popular sources such as 
agricultural censuses, aerial photography interpretation, national farm surveys, marketing 
boards, or farmers' associations rarely provide data on agroforestry land use or production, 
much less farm management information. 

Experiments. Data from factorial experiments can be used to estimate technical 
coefficients for economic models. Prototype trials in large plots can be monitored for inputs, 
outputs, and management to estimate economic returns. The only studies to address 
environmental effects of agroforestry, those by Ehui and by Thomas et al., used experimental 
data. Constraints to use of trial data include sites, management, and components 
nonrepresentative of farmers' conditions, and difficulties in extrapolating from small plots, as 
noted by von Platen and by Street. The working group on using experiments in economic 
analysis suggests possible approaches. 

Farm data. Collecting economic data from agroforestry on farms is a major challenge. 
The design of field surveys about highly variable agroforestry practices can be complex (Scherr, 
Roger, and Oduol 1990). Raynor highlights the difficulties of data collection in multi-strata 
systems. Street explains the value of detailed data on site conditions, tree growth, and tree-crop 
interactions. Reiche argues for more standardization in data collection and describes specific 
methods to assess labor and management over a range of sites. Generally, data collection for 
agroforestry will require close collaboration between economists and technical experts. 

Complementary data sets are desirable. Saxena illustrates the use of recall data, 
together with current field measurements, and argues for the use of measures that reflect the 
farmers' own way of thinking. Uquillas et al. combine detailed, long-term monitoring of case 
study sites to develop technical coefficients and productivity measures with large sample surveys 
to understand distribution and overall production. Priority types of field data for economic 
analysis and relevant measurement procedures are suggested by the working group on data 
collection. More work along these lines is needed to develop technology-specific data 
standards. 

Selecting appropriate methods and assessment criteria. Application of standard methods of 
economic analysis to agroforestry can be challenging. Moreover, analytical methods and 
assessment criteria used in many agroforestry studies have been unsuitable to data availability, 
audience, or research objectives. 
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The largest audience for economic studies is farmers, extensionists, and applied researchers, 
who need realistic farm management data under different site, management, farm resource, and 
market scenarios. Agroforestry practices need to be compared with farmers' other land-use 
options, within the context of household-livelihood strategies. Yet few studies answer these 
types of questions; among the case studies only Reiche, Uquillas et al., and Jabbar and 
Cobbina. Far more use could be made of farm income and productivity analyses, gross margin 
analysis, farm budgeting, constraints analysis, and empirically based bio-economic models. 

Cost-benefit analysis has a valuable role to play in assessing relative returns to investment in 
alternative land uses, especially where capital is the key factor. But complementary or 
alternative methods are needed to evaluate interventions from the perspectives suggested by 
Avila-relative profitability, manageability, risk, and adoptability. Suggestions may be found in 
the working group report on methods of economic analyses for agroforestry. 

Policymakers and project investors seek economic studies to help them make decisions about 
research and development strategy (e.g., Ehui, Karch, von Platen, Raynor, Thomas, and 
Williams) and to evaluate past efforts (e.g., Saxena, Street, and Sunderlin). For these groups, 
CBA continues to be the basic method of analysis. But CBAs can be significantly improved by 
incorporating into them the insights, assumptions, and data gained from other types of analysis. 

Farmer decision making and assessment. The economic literature displays a general failure 
to study farmers' decision making about agroforestry use and management or to seek out 
farmers' assessments and assessment criteria. We risk developing misguided economic models 
for agroforestry. 

The case studies illustrate the value of qualitative evaluation by farmers, as well as integrating 
farmers' assessment criteria into quantitative evaluations. Through field interviews, Saxena 
identified key factors affecting farmer rejection of eucalyptus on bunds, such as unrealistic price 
expectations, management problems, and lack of local uses. Through participant-observation, 
Raynor identified cultural factors and changing household strategies affecting land-use choices, 
management intensification, and labor allocation in Pohnpei. 

Reiche, Uquillas et al., and Williams report the value of rapid appraisal surveys, household 
studies, and species preference surveys in designing their economic studies. Uquillas et al. and 
Sunderlin surveyed farmers' evaluation of project interventions. The working group on 
economic methods suggests tools and approaches for integrating farmer perspectives in 
economic analysis of agroforestry. Economists can also draw on the extensive literature on 
farmer participatory methods for ideas on how to involve farmers in every aspect of the design, 
implementation, and evaluation of economic studies of agroforestry (e.g., Davis-Case 1989). 

CONCLUSION 

The papers and critiques presented at the Nitrogen Fixing Tree Association/Forestry Support 
Program seminar suggest many ways the quality and value of financial and economic studies 
of agroforestry can be enhanced. Methodological questions remain on how to evaluate 
agroforestry as a land use strategy. More empirical information is needed from intensive, long
term field monitoring of representative sites in existing and introduced systems, coupled with 
economic modeling, experimental research, and systematic farm monitoring. Collaborative field 
studies involving economists, farmers, development workers, and technical experts offer the 
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greatest hope of improving our understanding of the proper roles and design of agroforestry 
in rural development. 
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PART II 

GROUP THEMES ON IMPORTANT TOPICS 
IN FINANCIAL AND ECONOMIC ANALYSES 
OF AGROFORESTRY SYSTEMS 





Christophersen, KJeli A. International Resources Group, Washington, DC 20005, USA. 

FINANCIAL AND ECONOMIC ANALYSES OF AGROFORESTRY SYSTEMS: 
HIGHLIGHTS OF THEMES DISCUSSED 

INTRODUCTION 

Agroforestry is increasingly recognized as a viable farming system and is widely promoted 
although the economics of agroforestry systems are not well documented. There are little data 
available on which to base economic and financial analyses, particularly data on growth and 
yield responses to different levels of management intensity. There are few ongoing field 
projects, and few farmers have adopted the agroforestry practices proven successful by on
station trials. It is also argued that the traditional rules of economic and financial analyses 
should be suspended because agroforestry is too difficult and site specific to analyze, or because 
it is "biologically the right thing to do" and should not be discouraged by the process of 
discounting. 

These and other issues are discussed in this section. It provides the context for the five major 
themes discussed in groups-why they were selected and how the participants responded. 
Emphasis is placed on both ex-ante and ex-post analysis. Ex-post data is needed to make ex
ante analysis credible. Participants formed five working groups to examine the themes as 
outlined below. The fmal comment by participants of Theme 1 sets the stage. 

This workshop was an excellent catalyst for discussing interdisciplinary 
frustrations and misunderstandings. The participants brought a wide range of 
field experience to the workshop along with widely differing backgrounds. This 
mix produced genuinely interesting and stimulating discussions, and 
professional pride was secondary to the spirit of learning from each other. 
Economics gained substantially in stature throughout the workshop as did 
other professional disciplines. 

THEME 1: PREPARATION FOR ECONOMIC AND FINANCIAL ANALYSES OF 
DIFFERENT AGROFORESTRY SYSTEMS 

This theme;>reparation for analyses-is the first step in the analytical process. What should 
be analyzed and why? The intent was to guide the group discussions away from agroforestry 
in general to a more specific micro treatment of the subject matter. Agroforestry 
confagurations are infmite. They may include alley cropping, windbreaks, field trees, live fence 
interventions and combinations, different tree and crop species combinations, different levels 
of management intensity, and different socioeconomic constraints and opportunities that impact 
what realistically can be done in the field. It is difficult, given the myriad options, to prepare 
and determine exactly what to analyze and why. It is a matter of progressively isolating those 
separate or combined interventions which should be subjected to rigorous financial and 
economic analyses. 

An important output of the group discussion was the overview of the steps needed to prepare 
an agroforestry project, particularly those associated with field reconnaissance--acquiring an 
understanding of local constraints to and opportunities for agroforestry interventions. It is the 
understanding of local issues and problems, and the infusion of that understanding into the 
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project or program design, that comprises the difference between a well-designed and poorly 
designed project. 

The group agreed that the decisions of what to analyze and why cannot be made by anyone 
team member. Decisions should be made collectively using an interdisciplinary approach, with 
inputs from all relevant professional disciplines participating in the project design. In effect, 
the group was asked to consider the idea of compromise in the selection of technical 
alternatives to analyze, since each professional team member would have a different perception 
of what is optimal. The group report states: 

As individual team members observe and document ongoing activities in the 
field and interview farmers and other key informants, they begin to form ideas 
from their professional perspectives. However, these individual ideas will be 
shaped and molded in the recognition of the contributions of other team 
members. The agronomist, for example, must recognize sociological and 
environmental constraints, and the forester may have to accept planting 
"suboptimal" species in view of marketing constraints. 

Interdisciplinary compromise is an important departure from a usual emphasis on maximizing 
economic and fmancial returns. It gives a much better "blueprint" (a base case alternative) for 
project or program implementation since the selection of technical alternatives will account for 
pragmatic field realities that reflect local constraints and opportunities. It also raises the 
important issue stated in the group report "of the pressures to legitimize projects, or to 
demonstrate feasibility of politically favored projects that may not be economically efficient by 
manipulating costs and benefits until the acceptable rates of return are attained." 

The pressure to demonstrate financial and economic feasibility before deciding to invest is 
counterproductive. Economic and fmancial results have no meaning if they are based on 
erroneous cost and benefit estimates. H the results are based on local field realities and reflect 
the quantifiable information the analyst can find and use, then the analyst has done the best job 
possible given the available information. Since feasibility can only be attained based on the 
quantifiable information used in the analytical spreadsheets, host country and donor decision 
makers should be urged not to automatically reject projects or programs showing low or 
negative NPVs or IRRs based on such information only. Many costs and benefits are difficult 
or costly to quantify and thus cannot be included in the IRR or NPV calculations. 

One important point neither raised as a subtheme nor discussed by the group is implementation 
efficiency. The end product of a project design is a blueprint of how the agroforestry activities 
should be implemented. The economic and fmancial analyses results reflect implementation 
according to this blueprint. In reality, farmers will implement activities based on their 
experience, rarely to the full extent of the blueprint. Actual implementation efficiency is usually 
lower than anticipated in the project design. Analysts can use sensitivity analysis to anticipate 
this shortfall during the design phase by including development scenarios reflecting a lower level 
of implementation efficiency. 

The important lessons drawn from this theme are (1) that analysts should not be pressured to 
legitimize projects by manipulating costs and benefits to generate acceptable rates of return and 
(2) that analysts must be more rigorous in selecting technical alternatives for analysis because 
of lack of a reliable data base to use for ex-ante analysis. 
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THEME 2: METHODOWGY~ATA COLLECTION FOR THE FINANCIAL AND 
ECONOMIC ANALYSES OF AGROFORESTRY SYSTEMS: WHAT TO 
MEASURE AND WHY? 

This theme was included to emphasize the need to generate reliable ex-post analysis data on 
which to base ex-ante analysis. The intent of the theme was to guide the group discussion 
toward the long-term needs for data generation and to determine how to generate the kinds 
of data needed. In Theme 1, the focus was on planning of agroforestry projects and programs
which interventions to select for analysis in which combinations, and why-.vithout having a 
reliable data base to solicit for economic and fmancial analyses. Currently, there are no 
equations to apply that allow analysts to project crop yield increases by X percent in Y years 
under agroforestry system Z. If such equations are not available, or there are no data from 
which to derive them, the data should be collected from the farmers in the field who now 
implement interventions similar to those proposed. The observations comprise the "raw 
materials" for the specification of realistic assumptions for use in the economic and financial 
analyses. 

The group discussing Theme 2 was asked to consider ways to improve the process of data 
collection. They concluded that the analyses would be more credible if supported by 
documented data on tree/crop interactions and impacts on crop and wood yields reSUlting from 
different levels of management intensity. 

The group response was excellent in terms of guiding donors, host countries, NGOs, and 
project/program implementors in which kinds of information to collect or measure, why, and 
how often. If all the data requirements discussed in the text and tables were available, 
economists would be able to carry out reliable analyses-the gap between ex-ante and ex-post 
results would be narrowed. 

It is the exception rather than the rule, however, when projects or programs include such 
comprehensive monitoring components. Detailed monitoring is a costly endeavor and project 
budgets are limited. The technical experts-economists, agronomists, and foresters~ways 
lament the shortages of data on which to base their analyses, while donors, host countries, and 
implementors are reluctant to spend the money to acquire them. It is a dilemma in need of 
attention. 

If donors or host countries do not focus on monitoring projects as outlined in the group report, 
the economics of ex-ante designs will be unreliable. This is another dilemma because decision 
makers tend to view the economic and fmancial results as the base for their decisions, resulting 
in the pressure to legitimize projects as discussed. It follows then that decisions based on 
inadequate economic and fmancial analyses are risky and often lead to poor investments. The 
important message to the donor and host country community is that investing in poorly 
conceived projects with a high probability of failure is more costly than investing in relevant 
monitoring of ongoing projects to generate the kinds of data needed. Although there are ways 
to improve the analytical efficiency (as outlined in several of the group reports), they are poor 
substitutes for a rich reservoir of documented, secondary-time series and cross-sectional data 
on which to base the analyses. 
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THEME 3: USE OF EXPERIMENT STATION AND ON·FARM TRIAL RESULTS FOR 
ECONOMIC AND FINANCIAL ANALYSES OF AGROFORESTRY SYSTEMS 

In this third theme the group was asked to focus on the applicability of experiment station or 
on-farm trial results in economic and fmancial analyses. It is a major theme because 
experiment station data are often the only data available to analysts. The question is whether 
or not data generated by way of controlled experiments should be used in economic and 
fmancial analyses. 

The group captured the intent of the theme and responded comprehensively. Certain data 
obtained from experiment station trials, such as growth and yields in response to different levels 
of management intensity, are indeed suspect in their applicability, because station trials do not 
reflect realistic field conditions. As stated in the group report, yields obtained under 
experiment station conditions "are commonly overestimated, often by a factor of 20 to 40 
percent" vis-a-vis real field conditions. Such results, when infused into project designs, will 
substantially boost the ex-ante economic attractiveness of the project and possibly result in a 
large gap between ex-ante and ex-post results. 

Other experiment station data are best collected under a controlled situation. These data 
include soil erosion rates, nutritional data, digestibility of forage, nitrogen fIXation, and how 
variables change over time in response to different levels of management intensity. Such data 
should be used in the analyses, as emphasized in the group report. 

The problem is relevance of economic data generated from controlled experiments. In a 
controlled windbreak experiment, for example, skilled workers will be used to select and plant 
seedlings, the site will be perfectly prepared, and maintenance will take place exactly as 
prescribed over time. The experiment will not reflect real field conditions. Nonetheless, 
analysts will want to use the experiment data because of the absence of consistently documented 
data from farmer-implemented windbreak (and other) agroforestry activities. Analyses based 
on data collected from farmers interviewed in the field under usual time and budgetary 
constraints (i.e., nonrepresentative samples) tend to be less credible than analyses based on data 
obtained by way of experiment station research. The latter will invariably have more credibility 
vis-a-vis the decision makers. 

It is important to emphasize that experiment and primary field data do not represent an 
either/or situation. Both are necessary and should be used if available. Analysts should use 
experiment station results as benchmark information--yields obtainable under ideal conditions
but factor in local constraints evident in the target region to develop analytical assumptions. 
How to do this and how to use these constraints in conjunction with field experiment data were 
not discussed in the group report. Although successful experiment station trials eventually 
become the basis for large-scale field implementation, only rough approximations are actually 
implemented in the field for reasons discussed earlier. During the field reconnaissance phase 
of the project design, analysts should observe and document (where and when possible) the 
results obtained from farmers undertaking activities similar to those proposed and compare 
them to the experiment station results. This will give an estimate of the extent to which 
experiment station results should be discounted in the field. 
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THEME 4: MARKET ANALYSIS AS A PART OF ECONOMIC AND FINANCIAL 
ANALYSES OF AGROFORESTRY SYSTEMS 

The marketing theme was included because of its importance in guiding the economic and 
fmancial analyses of agroforestry systems-which agroforestry configurations should be analyzed 
and why? What should be planted and why? It is closely linked to the idea of compromise in 
the selection of technical alternatives subject to economic and financial analyses. Foresters, 
agronomists, sociologists, and economists may have different ideas on which tree/crop 
configurations to implement. Market analysis for the different product mixes associated with 
the technical alternatives can help resolve interdisciplinary friction and lead to solutions. As 
stated in the theme report: "Markets are an often overlooked component of economic and 
fmancial analyses." In its absence, analysts miss an essential factor in the selection of technical 
alternatives. For example, it will not make much sense to a farmer to plant gmelina trees in 
a woodlot configuration if there is no market for gmelina wood, even though gmelina may be 
the most biologically suitable species for the site. It may be more appropriate to plant neem 
trees if there is a market for neem wood, even though neem trees are less biologically suitable 
for the site. 

Farmer priorities should be most important in the selection of what trees and crops to plant. 
When considering an agroforestry scheme, food security (enough food in the granary to last 
until the next harvest) is uppermost in the mind of the subsistence level farmer. A second 
priority is to produce a surplus for local or export markets. Analysis of markets will facilitate 
species combinations that will meet both of these requirements. 

The group pointed out that markets for agroforestry products are complex and diverse. This 
is true to the extent that standard market analyses are difficult, given the nature of the product 
mixes associated with agroforestry. Crops grown in an agroforestry context in Sahelian 
countries, for example, tend to be subsistence crops (e.g., millet and sorghum), not cash crops 
traded in world markets. The pole and fuelwood products and commercial fodder are difficult 
to analyze since the products are not standardized, and they tend to be used for home 
consumption or sold in local markets. Prices often vary between different towns, even between 
different neighborhoods, and fluctuate widely during the year. Market analyses are always 
difficult under such conditions. 

Despite these difficulties, the analysis of markets for agroforestry products should not be any 
more difficult than analysis of markets for crops, trees, and fodder separately. That the 
products are grown together in an agroforestry context should be of little concern. The 
important message to donors, host country planners and decision makers, and project designers 
is that marketing information is a far too important element to ignore. If more emphasis were 
placed on studying the markets, the information could influence and permeate all of the 
activities under study. Understanding the implications of high seasonal price variability, for 
example, could lead to the addition of a grain bank component in the project during the design 
phase, designed to take maximum advantage of the price variations during the year. It could 
also influence the choice of target area as well as the kinds of technical assistance and extension 
services required. 
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THEME 5: METHODS AND MODELS FOR ECONOMIC ANALYSES 

The purpose of this theme was the adequacy of traditional cost/benefit analysis in dealing with 
complex agroforestry projects and programs. Are there any special considerations in 
agroforestry that warrant a different kind of economic and financial analyses than carried out 
for any other projects (industrial tree plantations, agriculture projects, tourism projects)? Why 
should or shouldn't agroforestry compete for scarce investment funding equally with other 
projects? 

As stated in the group report: "The group concurred that the basic principles and theories of 
economic analyses applied as well to agroforestry as to agriculture or forestry." The 
methodology, in other words, is adequate if correctly applied. The error is that decision makers 
tend to look to the economic and financial results-IRRs or NPV~ the basis for their "go" 
or "no go" decisions. In these cases, benefit/cost analysis is an inadequate tool since it only 
explains a portion of the values associated with the project. As discussed, many costs and 
benefits are too difficult or too costly to quantify and cannot contribute to the IRR or NPV 
estimates. This shortcoming is not a methodological flaw; rather, it is a failure by the decision 
makers to recognize the limitations of economics. Projects or programs should not 
automatically be rejected if the rates of return are low or even negative, as emphasized by 
Theme 1 discussants. 

The group emphasized that the process of discounting in economic and financial analyses 
should not be suspended or altered for agroforestry. The phenomenon applies to all 
investments where a positive rate of interest exists, and people, governments, and donors are 
free to invest as they please. That "some researchers use steady state models for resource
conserving interventions, which assume a requirement to maintain the resource base, regardless 
of discounting" (group report) does not invalidate the need to discount. Indeed, the more 
distant the benefits, the more difficult it is to justify the investments on economic grounds, given 
a positive interest rate. Certainly, many biological scientists and researchers are frustrated 
when their efforts are stymied by economic constraints and tend to regard economics as 
counterproductive to the biological management of natural resources. Decisions not to discount 
in such cases are made through policy, outside the realm of economics. There are real 
opportunity costs associated with such decisions as long as there are alternative investment 
opportunities available to decision makers. Decisions to implement nondiscounted steady state 
resource-conserving interventions should be made after considering all information analysts 
provide. This includes information on the opportunity costs and trade-offs between different 
investment opportunities and technical alternatives. To ignore the latter signals a flaw in the 
decision-making process. 

It is also important to mention that arguments about the perceived inadequacies of cost-benefit 
analysis and discounting are probably premature. The verdict on the relative attractiveness of 
different agroforestry configurations vis-a-vis alternative investment opportunities is not yet in. 
The discussions should not focus on methodological issues in economics but on how results of 
economic, agronomic, environmental, institutional, forestry, and sociological analyses should be 
integrated and interpreted. The problems are rooted in the decision-making process, not in the 
methodologies. 

Economic and financial analyses rules should not be suspended or altered because the subject 
matter is inherently difficult to analyze. Economic and fmancial analyses of agroforestry is 
complex since there are several products-wood as weD as crops-growing under different 
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rainfall, soil productivity, and site specific conditions. There is no reason such complicating 
factors cannot be accommodated under the rules for economic and fmancial analyses, keeping 
in mind that analysts are faced with a difficult task that requires additional time and effort to 
address properly. 

Cost-benefit analysis and discounting are tools to connect the future with the present through 
an appropriate discount rate to express results in present value terms. Other methodologies 
serve different purposes and should not be thought of as ways to analyze a project in lieu of 
cost-benefit analysis and discounting. It is equally important to understand that cost-benefit 
analysis and discounting are not tools to use in lieu of farm management, community and 
sectoral studies, and other methodologies. What should be clearly understood is that cost
benefit analysis and discounting must always be carried out whenever the project or program 
is implemented over time. The burden on the economic analyst is to actively review and seek 
results derived from other methodologies. It is not evident in the literature on agroforestry 
economics that this is happening. Cost-benefit analysis should seek, review, and use results 
derived from farm income analysis, partial- and whole-farm budgeting, production function 
analysis, mathematical programming, and other methods, to add greater precision in developing 
assumptions for use in cost-benefit analysis. The more rigorous the analysis of subcomponents 
of the project through use of other methodologies (production functions, etc.), the more precise 
the benefit-cost analysis results. 
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THEME! 

PREPARATION FOR ECONOMIC AND FINANCIAL ANALYSES OF 
DIFFERENT AGROFORESTRY SYSTEMS 

by 

Kjell Christophersen (chair), Jorge Uquillas (rapporteur), Marcelino Avila, Bertrand Zida, 
Wieland Kunzel, Sompetch Mungkordin, William Raynor 

The following theme and several subthemes were intended to facilitate the group discussions. 
They are suggestive, not exhaustive. 

Planning agroforestry activities in a defmed target area can be a complex undertaking in view 
of the many different forms of agroforestry, different target population characteristics, and 
different climatic and geographic conditions. Given this complexity, will it be possible to 
develop (generic) procedures for economic analysts to address all key factors in a fair manner? 

What should be the process of deciding on which agroforestry practices or combination 
of practices to focus in the target region? 

Which professional disciplines should be involved in the planning of agroforestry 
activities and why? 

What should be looked for during field reconnaissance (or rapid rural appraisal)? 
What technical (different management alternatives) should be considered? 

prices (at harvest when prices are lowest, average prices during the year, or the 
highest prices) 

yields (in response to different levels of management intensity) 
costs (time and labor, opportunity costs of time) 
social factors (labor availability, gender, and age issues) 
physical and climatic factors 
outside support from donors or host country 
other 

How should analytical assumptions be developed or derived? 

INTRODUCTION 

The discussion of this theme focused largely on the steps involved from identification of field 
priorities and needs through the formulation (PID stage) of the project cycle, including initial 
(pre-) feasibility analyses of several technical alternatives. It was also necessary to respond to 
the theme and subthemes in the context of time, budgetary, and staffing constraints. There is 
a difference between what ought (ideally) to be done and what can (realistically) be done in 
preparing agroforestry alternatives for economic and fmancial analyses. The former takes too 
much time; the latter can be accomplished by way of rapid rural appraisal (RRA). Analytical 
precision suffers as budgets are too low, time too short, and poorly qualified (or inexperienced) 
people are used. In view of this, the group focused on what can be accomplished given a 
limited budget, time, and staffing. This means that the team did not discuss, or consider, 
several methodologies such as formal surveys, case studies, ethnographic, or participant-observer 
methods, experiments, and field trials. 
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THE PROBLEM 

Economics has earned a reputation of irrelevancy in view of the gaps between ex-ante results 
(always feasible) and ex-post results (rarely feasible), giving Gustifiable) reason to mistrust any 
ex-ante analysis. These gaps persist largely because of the pressures to "legitimize" projects or 
to demonstrate feasibility of politically favored projects that may not be economically efficient 
by "manipulating" costs and benefits until the acceptable rates of returns are attained. Decision 
makers (a) need to see an acceptable internal rate of return (IRR) (15 percent minimum is 
usual) to agree to fund the project, and (b) tend to choose the project alternative with the 
highest IRR. In short, the economic and fmancial results are usually regarded as the "bottom 
line" figures on which "go" or "no go" decisions are based. 

CONTEXT OF RESPONSE 

The fundamental problem is not that economics is flawed because ex-ante rarely equals ex-post; 
it is the failure on the part of decision makers to recognize the limitations of economics. 
Analysts should not have to manipulate costs and benefits to "produce" feasibility because the 
decision-making process requires it. 

Feasibility can only be attained on the basis of quantifiable information on benefits, 
costs, and the discount rate. 

Many projects have nonquantifiable effects which cannot contribute to the feasibility 
estimates (NPVs, IRRs, SEVs, etc.). An economically unfeasible project based only 
on the quantifiable information, therefore, should not be automatically rejected. 

Analysts are often required to "package" several objectives into a project-often 
conflicting objectives-such as social, institutional, environmental, privatization, and 
others. The other objectives should be given appropriate weight in the decision
making process. 

Economists should be part of the project identification and formulation process and 
not be perceived only as "number ccunchers· after all decisions on what to do, how 
to do it, and when to do it have been made. Their contributions to the specification 
of physical field activities are essential. 

Ex-ante economic and fmancial analyses of agroforestry interventions are not 
methodologically different than the analyses of any other forestry or agricultural 
activity. Agroforestry, however, is more complex since we are dealing with multiple 
products (wood, crops, and others) and other site specific details not usually 
encountered by analysts. For agroforestry activities, therefore, analysts need to be 
more rigorous in their specification of analytical assumptions. Detailed field realities 
should be infused into the technical alternatives selected for economic and fmancial 
analyses. 

THE STEPS 

Several steps in preparing an agroforestry project were considered by the group. 

Interdisciplinary nature. The infusion of field realities in the project identification and 
formulation process is essential if the analytical results are to have any credibility. Such 
infusion requires contributions from an interdisciplinary team with relevant and proven field 
experience. Probable professional backgrounds to include are natural resource use specialists 
(foresters, etc.), agriculturalists (agronomists, etc.), economists (natural resources, agriculture, 
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or forestry), and social scientists (sociologists, anthropologists, etc.). It is important that some 
of the team members are host country nationals well acquainted with and appreciative of local 
field realities. 

Farmer problems and priorities. As early as possible in the process there must be an 
identification of the problems faced by the farmers and the development priorities (food 
security, fuelwood needs, erosion control, fodder production, income, protection against 
livestock trampling, etc.) in the region. How to meet these priorities and needs becomes the 
objective for the agroforestry project or program. 

Before field reconnaissance. Before the field reconnaissance, the team should consult any 
secondary information available including relevant maps and literature and project reports; 
identify where to go and what to observe and document; and identify the key informants in the 
region. The team should collect information on economic statistics (price and cost indices over 
time, interest rates, etc.) to determine real discount rates and cost and price appreciation 
(depreciation) rates. 

During field reconnaissance. The purpose of the field reconnaissance phase is to ensure the 
infusion of field realities into the project design process. As individual team members observe 
and document ongoing activities in the field and interview farmers and other key informants, 
they begin to form ideas from their professional perspectives. However, these individual ideas 
will be shaped and molded in the recognition of the contributions of other team members. The 
agronomist, for example, must recognize sociological and environmental constraint'>, and the 
forester may have to accept planting "suboptimal" species in view of marketing constraints. In 
short, the technical alternatives selected for analyses in this collaborative manner should reflect 
field constraints and opportunities. 

Because of time and budgetary limitations, the field reconnaissance phase should be structured 
as an RRA, probably limited to no more than 3 weeks in the field. The team should 
collaborate with key field informants, farmers, accompanying He government officials and 
others to take the following steps: 

Observe "what is" and document the characteristics of the farming systems in the target 
region (land-use patterns, cropping patterns and associations, tree species 
grown/preferred, etc.) to obtain the "raw materials" needed to specify or delineate 
several (implementable) technical alternatives. If we know the details of "what is" 
(i.e., what farmers are currently doing), we will have a much better idea on where 
improvements may be warranted and possible. 

Determine ecological, social, institutional, and other constraints to meeting needs. For 
example, there may be an overwhelming need for fuelwood and erosion control in 
one area. Block fuelwood plantations may be ruled out because the area is farm 
land and is not available for plantations. An agroforestry activity might be an 
option. 

Determine the relevant agroforestry options (e.g., alley cropping, home-gardens, 
windbreaks, living fences, fodder banks, trees on bunds, improved fallow). Each will 
produce fuelwood and control erosion, but to a different extent. 

Flag areas where there is immediate replicability potential as well as areas where 
adaptive research will be required before large-scale implementation can occur. 
Diffusion of composting technologies, for example, is probably safe without adaptive 
research. The introduction of new plant varieties usually requires adaptive research 
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to avoid passing the risks of the trials onto subsistence level farmers who can ill 
afford failures. 

Determine output prices. The team should determine the full range of products to be 
generated by the project and estimate prices. The price assumptions used in the 
analysis should be carefully documented, taking into account seasonal fluctuations 
and other factors. Crop prices should be expressed as farm gate prices, and wood 
prices as stumpage prices. Any prices for nonwood products should be documented 
(e.g., fodder, medicinal products, green biomass). 

Determine input costs. This step entails collecting information on the costs of 
probable inputs such as seedlings, perhaps fertilizer, and labor. The labor 
assumption is particularly important since the analyst should take both gender and 
age considerations into account. Labor (men, women, seniors, and children) 
availability is likely to vary substantially between different areas in the target region, 
and each group in the labor pool will typically have a different opportunity cost of 
time. The opportunity cost of time is equal to the value of the productive activity 
given up when the participant works on the project rather than an alternative means 
of employment. 

Include equity considerations. Many projects are designed to benefit certain 
disadvantaged groups. To this end, the observations carried out during field 
reconnaissance should carefully document labor availability in the target region by 
gender and age. For example, if women are the target beneficiaries, integrating 
trees into homegarden techniques may be more appropriate than promoting 
windbreak interventions (where men receive most of the benefit). 

Consider physical and climatic factors such as soil fertility trends, climate and rainfall 
distribution, winds/typhoons, and erosion rates. 

Technical alternatives. Drawing on the information obtained in the previous section, determine 
at least four different technical alternatives, all judged to be realistically implementable. The 
alternatives should reflect field constraints. Within any given agroforestry technique there will 
be wide ranges of technical options (different spacing between trees, different distances between 
rows, different silvicultural management intensities, etc.). 

Assumptions and variable estimates. Economic and fmancial results (NPVs, IRRs, etc.) are 
based on assumed or estimated relationships between costs and benefits. An analyst will 
typically make assumptions where it is not possible to derive any estimates on a specific 
parameter required for a complete analysis. For example, the analyst may report that the NPV 
equals $X per hectare assuming a discount rate of Y percent. The discount rate assumption 
is not derived from the actual behavior of interest rates in the country over time. Alternatively, 
the analyst can choose to estimate the discount rate on the basis of available statistical time 
trends and other information. 

The latter is by far the preferable alternative. Variables used in the analysis should be 
estimated, not assumed, to the extent possible. They should reflect current prices or costs and 
be projected into the future according to appropriate appreciation or depreciation rates. Once 
variables are estimated in this fashion, written, documented, and justified in the text of the 
report, the results obtained will be credible. Any undocumented assumptions can be tested in 
the sensitivity analysis. 

Estimate how many man-, woman-, or child-days each technical alternative will require 
(this will depend on the seasonality of the work). 

25 



Estimate yield functions for crops and wood production over time with and without the 
interventions. These estimates are inherently difficult to derive since data on yield 
responses to different levels of management intensity are virtually nonexistent in the 
majority of countries except in a few isolated cases. It is possible to construct yield 
functions by using information from results obtained from similar experiments, the 
analyst's knowledge from growth and yield theory, and from direct field 
measurements. If there is still no confidence in the resulting yield functions, the 
analyst should resort to the use of a break-even analysis that estimates how much 
additional wood or crops will have to be produced per hectare in order to recover 
all the costs. 

Analysis. Once all the analytical variables have been estimated or assumed, the analysis can 
take place. The most important is the fmancial analysis which deals with the individual farmer's 
perspective-what comes into and goes out of the farmer's pocket. The economic analysis
perspective of society as a whole-should be carried out at the regional or national level. 

Sensitivity analysis. All assumptions and estimated variables deemed to have a significant 
impact on the overall results should be subjected to sensitivity analysis. These should include 
cost and benefit variables and discount rates. Other variables to test may include crop yield 
declines without interventions and cost and price appreciation rates. 

INSTITUTIONAL 

Having derived the technical alternatives, estimated the analytical variables, and carried out the 
analysis, it is time for the "packaging" of the technical project. If, for example, the alternatives 
require the presence of rural credit, the analysts must make provisions for strengthening the 
existing system if it is weak, or creating one if it is nonexistent. The same applies for extension 
services. Projects will require the presence of extension agents to diffuse the "how-to" 
techniques to participant farmers. A critical mass of extension agents must be trained and 
supplied with pedagogical materials, vehicles (e.g., motorcycles, bikes), and other items to be 
able to function effectively in their jobs. These are examples of necessary investments one 
cannot expect farmers to make. They should be made by donors or host countries. 

POLICY ISSUES 

Any agroforestry project or program must fit within an existing policy or regulatory framework. 
Sometimes current policies and laws are in opposition to the proposed projects. For example, 
a project to grow exotic tree species will probably not succeed if current policy does not 
guarantee secure land and tree tenure for the participant farmers. In many cases, policy issues 
should be addressed from below as well as from above. From below, it is often possible to 
obtain waivers of contradictory policies for a project applicable only to the target region and 
project participants. For example, if burning is illegal, the project may get a waiver to carry out 
prescribed burning in the project area if this is deemed an important silvicultural management 
activity. 

IDENTIFY WINNERS AND LOSERS 

It is probable that a project will not only have beneficiaries, but losers as well. The losers are 
often neglected by analysts and decision makers. For example, the development of irrigated 
perimeters on floodplain areas along a river will substantially benefit the irrigators if the project 
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is well designed and implemented. However, if these floodplain areas are also heavily used as 
dry season grazing grounds, the herders will be heavy losers. Perhaps the scope of the project 
should be expanded to include provision for the major losers in the form of providing 
alternative grazing possibilities or watering holes. 

FINAL COMMENT 

Throughout the group discussions it became increasingly evident that project designs are only 
as good as the people on the design teams. USAID and other donors are well advised to avoid 
hiring people who are poorly qualified or are inexperienced, but cost less. Team members 
should be carefully selected. They should have extensive and proven field experience, fluently 
speak and read the languages required and, most importantly, be able to work in a truly 
interdisciplinary atmosphere. 

This workshop was an excellent catalyst for discussing interdisciplinary frustrations and 
misunderstandings. The participants brought a wide range of field experience to the workshop 
along with widely different professional backgrounds. This mix produced genuinely interesting 
and stimulating discussions, and professional pride was secondary to the spirit of learning from 
each other. Economics gained substantially in stature throughout the workshop as did other 
professional disciplines. Congratulations to Forestry Support Program and Nitrogen Fixing 
Tree Association on a well run workshop on a very important topic. 
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THEME 2 

METHODOLOGY-DATA COLLECTION FOR THE FINANCIAL AND 
ECONOMIC ANALYSES OF AGROFORESTRY SYSTEMS: 

WHAT TO MEASURE AND WHY? 

by 

Carlos Reiche (chair), Dean Current (rapporteur), Jim Chamberlain, Wong Weng Chuen, 
Wieland Kunzel, Rigoberto Romero, Paul Starr, Timothy Williams 

INTRODUcnON 

In order to carry out a fmancial or economic analysis of an agroforestry (AF) system, the 
person(s) responsible must fIrst defme as specifically as possible the needs of the client or 
audience. The needs of the client, the potential sources of data, the reliability of data sources, 
and the resources available to carry out the data collection and analysis will dictate the 
methodology and the type of data used to answer the questions posed. A farm budget analysis 
will obviously require more data than a partial budget analysis and thus may not be a feasible 
alternative if budget and resources are limited. It may be possible to do a farm budget analysis 
if there are reliable data from other sources such as farming systems research. 

The amount and type of data to collect will be partially dependent upon the data needs of the 
client or researcher, potential primary and secondary sources of data, reliability of the data 
sources, and the resources available (e.g., funds, personnel, logistics) to collect the data. 

MINIMUM DATA SET AND STANDARDIZATION OF COLLECTION 

Although the data to collect will depend upon the factors mentioned previously, some basic 
information is essential to carry out a fmandal and economic analyses of agroforestry systems. 
In information management systems this basic information is often referred to as the minimum 
data set. The time spent on various activities involved in the management of agroforestry 
systems, the prices paid by farmers for inputs, and the value of outputs either at the farmgate 
or in the market are examples of the type of minimum data needed. There is a need to 
develop a minimum data set for use in the fmandal and economic analyses of agroforestry 
systems that will be particularly valuable to noneconomists responsible for the fmancial and 
economic analyses of AF systems. 

In addition to the minimum data set and as a complement to it, guidelines on how to register 
the data are also important. The standardization of data collection makes it easier to compare 
the results (a) from different studies in a country or region, and (b) on an international scale. 
Even though the data collection is standardized, it leaves the researcher or practitioner the 
option to analyze the data in the manner most appropriate for the objectives. Additional data 
to strengthen the analysis can also be collected. 

In most cases, the basic data recording includes registering an activity, the inputs required, and 
the outputs produced. The activity should be described, and the inputs and outputs recorded 
as to type, amount, and value per unit. Inputs are generally land, labor, and materials needed 
for the production and management of AF systems. The outputs are products that may be sold, 
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traded, or used by the household. When money is borrowed, an additional input is the interest 
paid on loans. In addition, site information on location, and physical, biological, sociocultural, 
and institutional characteristics may be important to collect. These more general types of data 
are presented in Table 1. 

To make reliable fmancial and economic analyses methodologies available to scientists, 
extensionists, and other practitioners involved in the design, implementation, and analyses of 
agroforestry systems, there is a need to defme a minimum data set and recommend 
standardized forms or procedures for the registering of that data set. This can be done without 
jeopardizing the scientific freedom of researchers to add data and to analyze the data sets as 
they believe is most appropriate. 

WHAT TO MEASURE AND WHY 

As discussed, the data to be measured will depend on the objectives of the end user or 
audience to which the data will ultimately be presented. For the purposes of this discussion and 
generally for rural development efforts, the end users are farmers, project managers, and 
policymakers. Each group has its particular objectives, which have implications for the data 
needed for analyses. Table 2 briefly identifies the objectives of each group and the specific data 
needs for answering the questions posed by each group. This table is not inclusive, but gives 
an idea of the data collection needs for the types of fmancial and economic analyses required. 
The table is divided into the data needed for measuring inputs and the data needed for 
measuring outputs. 

In Table 3, the inputs and outputs required for the management of AF systems are presented
divided into basic categories of land, labor, and capital and materials, and further subdivided 
into trees and crops and animals where appropriate. 

WHEN, HOW, AND HOW OFfEN TO MEASURE 

Ideally, data on management operations for AF systems should be measured every time an 
operation is performed. For example, every time a tree plantation or crop is weeded, 
measurements should be taken on the time, inputs, and labor requirements, and also on the 
area weeded. These measurements are usually seasonal for agricultural crops and once during 
a rotation for trees. The primary exception is the measurement of tree growth, which ideally 
should be measured once a year for growth and timing of harvest for tree products with 
standard dimensions. Table 3 provides an indication of the minimum data set and the timing 
of measurements. 

The number of measurements taken to arrive at conclusions will depend on the resources 
available and the degree of precision required. Generally, the social and economic information 
gathered on AF systems has a high degree of variability due to the diverse level of training of 
farmers and technicians, differences in labor productivity due to site conditions, social and 
cultural factors, climate, and other factors. This variability must be measured to derive a 
sample size that would produce statistically significant results. In many cases where data is 
needed but where there are not sufficient resources to carry out a statistically designed 
measurement program, the technician may have to decide when there is a representative sample 
of the population which represents the costs and benefits of AF systems for that population. 
The other option is to prepare case studies of systems believed to be representative of a given 
community. 
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HOW WNG TO MEASURE 

Ideally, measurements should be taken through at least one tree rotation period. In the case 
of coppicing systems, measurement should include two to three rotations because of the 
differences in growth between the first and subsequent rotations. Where possible, projects 
should include these measurements as part of a regular monitoring program. Such a 
momtoring program would not necessarily require a great deal of extra effort, but would need 
to be specifically planned and budgeted within project activities. 

SPECIAL CONSIDERATIONS FOR USING THE MINIMUM DATA SET 

How often to measure depends upon growth rate and management of trees and crops. 
The timing of fuelwood, timber, fodder, and forage harvesting will depend on 
species, growth rate, and growing conditions. 

Every time a management operation is performed, measurements should be taken. 
Woodlots, taungya, and other sequential agroforestry systems should be analyzed for 

a full tree-crop rotation, including crop production during that period. 
The effect of the tree crop on agronomic crops should always be measured. The 

effect on tree plantings alongside agricultural crops can be measured by comparing 
with and without situations. 

When activities are measured, time measurements should be in hours rather than in 
workdays, or when workdays are used, the equivalent number of hours in a workday 
should be recorded. The length of a workday can vary from 4 to 8 hours and 
because of this variation a workday does not provide a standard, comparable unit of 
measurement. 

When possible, activities should be detailed. For example, instead of registering a 
time for planting trees from start to fmish, specific activities should be given, such 
as digging of pits, fertilizing, placing trees in pits, and covering them. This indicates 
where the greatest labor costs are concentrated and where the greatest gains in 
productivity can be made. 

In most cases, harvesting of windbreaks will be one line of several trees; very seldom 
will it be a total harvest. 

Harvesting activities in the matrix include all operations done up to placing the 
product at the farm gate. 

Processing will depend on the product required, and labor requirements will vary 
accordingly. 

Analysis should provide farmers with alternative uses (processing) of tree products 
with their comparative rates of return (e.g., charcoal vs. fuelwood). 

It may be best to separate the agroforestry system from the business enterprise when 
analyzing different systems (e.g., charcoal). 

The available markets and their economic attractiveness will determine the need for 
processing trees into other end products. 

Labor costs for processing, marketing, and transporting will depend on the existence 
and accessibility of markets. 

Products will vary with tree species. 
Soil conservation and fertility benefits vary among different tree species. 
To measure sustainability, economic analysis will have to continue over many years 

and take into account the economic sustainability of agroforestry systems. 
Sustainability will be determined by social and cultural factors as well as biological and 

economic considerations. 
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Farmers' perceived needs should drive economic research and data collecting, and 
farmer collaboration should be included in derming research topics, data collection, 
and analyses. Farmers should also receive concrete results from the research and 
economic analysis activities. Research mining must be avoided at all costs. 

PROTOTYPE FORMS FOR FIELD DATA 

A set of forms was provided by a CA TIE representative in the group as supplemental 
information to the theme report. These standardized forms provide examples of how to collect 
and register data. Table 4 is for demonstration farms monitored by CA TIE, and Table 5 is 
used for monitoring ongoing production processes. 
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Table 1. General data to be gathered for economic and financial analyses. 

LOCATION 
Country, region 
Community 
Site or farm 

PHYSICAL AND BIOLOGICAL ASPECTS 
Climate 
Topography 
Soil 

SOCIAL ASPECfS 
Population and demographic characteristics 
Land tenancy 
Social services 
Organization of community 
Infrastructure 
Education 
Migration 
Industries 

INSTITUTIONAL ASPECTS 
Projects operating in area 
Incentives available 
Laws governing tree ownership and harvesting 
Institutions of technical assistance 

MARKET ASPECTS 
Market locations 
Prices for .tree, animal, and crop products 
Transportation prices 

SYSTEMS OF PRODUCfION 
Type of system 
Management 
Tree species 
Agricultural species 
Tree crop species (e.g., coffee, cocoa, coconut) 
Animal species 
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Table 2. Data needs for answering economic questions of farmers, project managers, and 
policymakers. 

OBJECTIVES 

INPurs 

Land 

Labor 

Farmer 

Benefits and costs of 
agroforestry system 

Size of holding 
Tenure (ownership) 
Value 
Soils 
Qimate 
Location & accessibility 
Present land use 
Potential land use 
Water availability 

Description 
hired 
family· husband 

• wife 
- children 

in-kind 
subsidized 
incentives 
training 

Quantity and timing 
Value 

Capital and materials 
Tools 

OUfPUfS 

Seeds and seedlings 
Chemicals 
Draft animals 
Cash 
Loans 
Machinery rental 
Transport 
Livestock 
Feed 
Taxes 
Interest 

Yields 
crops and residues 
wood and by-products 
forage 
fruit 
animals 

Soil fertility 
Protection (shade and crop) 
Animal products 

Project Manager 

Cost effectiveness 
and impact 

Land distribution 
rich/poor, forest/ago 

Changes in productivity 
Size of holdings 

has the pattern led to 
degradation 

Changes in land value 
Alternative land uses 

Extension labor required 
Cost of research labor 

Vehicles 
Tools 
Storage costs and facili

ties and recovery credit 
needs 

Yields of AF systems 
Soil fertility and 

conservation 
Human capital (training) 
Environmental changes 
Employment 
Increased welfare 
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Policymaker 

Employment, welfare, 
and migration 

Alternative land use patterns 
Regional land use 
Comparative perspective 

Labor migration 
Employment 
Demographics 
Labor supply 
Skill level 

Effect of subsidies 
Taxes 
Foreign exchange effects 

Yields of AF systems 
Environmental improvement 
Increased land value 
Employment 
Effect on migration 
Human capital (training) 



Table J. Data to be measured lor the financial and economic analysis 01 qrvlonstry systems. 

Living Hedgerow Silvo- Woodlot Border Home Fodder Wind-
fence °alley" Taungya pastoral planting garden banks trees Field breaks 

INPurS 
Land 

tree R R R R R R R R R R 
crops S S S NA NA S NA S S S 
animals NA NA NA R NA NA NA R R NA 

Labol"-4nes 
site preparation R R R R R R R R R R 
planting R R R R R R R R R R 
weeding V V V V V V V V V V 
chemical application V V V V V V V V V V 
thin, clean, prune V V V V V V NA V V V 
felling V NA R R R R R NA R R 
processing V V V V V V V V V V 
transport V V V V V V V V V V 

Labor-cropl 
site preparation S S S S NA S NA S S S 
sowing S S S S NA S NA S S S 
cultural practices V V V V NA V NA V V V 
chemical application V V V V NA V NA V V V 
harvesting S S S S NA S NA S S S 
transport S S S S NA V V V V V 

Capital and malerials-tnes 
land preparation 
(contracted) R R R R R R NA R R R 

seedlings R R R R R R R R R R 
chemicals V V V V V V V V V V 
tools Y Y Y Y Y Y Y Y Y Y 
transport V V V V V V V V V V 
permit V NA V V V V NA NA V V 

Capital and materiaJl...<rops 
land preparation S S S S NA S NA S S S 
seeds S S S S NA S NA S S S 
chemicals V V V V NA V NA V V V 
tools Y Y Y Y NA Y Y Y Y Y 
threshing costs S S S S NA S NA S S S 
tl'8lllport V V V V NA V NA V V V 
interest V V V V NA V V V V V 
taxes (land and _ter) V V V V V V V V VV 
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Table 3. Continued 

Living Hedgerow Silvo- Woodlot Border Home Fodder Wind-
fence "alley" Taungya pastoral planting garden banks trees Field breaks 

OUI'PUfS 
Trees 

growth Y Y Y Y Y Y Y Y Y Y 
forage V V V V V V NA V NA V 
green manure V V NA NA NA V NA NA V V 
fuelwood V V V V V V V V V V 
stakes V V V V V V V V V V 
poles V V V V V V V V V V 
timber V NA V R R R R NA R R 
fruit S NA NA S NA S S NA S S 
other by-products V V V V V V V V V V 
shade NA NA NA V NA V V NA V V 
support V NA NA NA NA V NA V NA V 
soil conservation V V V V V V V V V V 
soil fertility V V V V V V V V V V 
crop protection (wind S S NA NA NA S NA NA NA S 

or animals) 

Crops 
yield S S S NA NA S NA NA S S 
residues S S S NA NA S NA NA S S 

OUI'PUfS 
AnJmaIJ 

reproduction (Depends on system. Data should be measured when activities are carried out until 
meat investigators are confident they have a representative sample.) 
milk 
manure 
skin 

S = Seasonal 
R = Once in a tree rotation 
V = Variable 
NA = Not applicable 
Y = Yearly 
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Table 4. standardized fol'll .... instructions for registering soc:ioecono.ic info .... tion for analysis of dMonstration fa ..... 

Socioeconomics 
DATFlNCR 

FARM COOE: 
FARMER'S NAME: 
CROP/MPTS SYSTEM: 

DATE CODES 

Page 1 of 1 
CATIE, PFPF, MIRA, 12/89 

DETAILED INRllMTI .. FOR MALYSIS OF DaIIIISTRATI .. FAllIS 

FARM (ha): , OF TREES: HOURS/WORKDAY: 
SYSTEM COOE: PLOT (ha): PLOT X: CURRENCY UN IT : 

LABOR INCOME AND EXPENSES 

Activity 
Hours Contract 

Product 
Other 

Family Activity Costs 

~: Current, Dean (ed.). 1990. Field forms and instructions for registering socioeconomic information for the Madelena 
Project (English version). CATIE, Turrialba, Costa Rica. 



INSTRUCTIONS FOR DEMONSTRATION FARM DATA FORM 

Farm code: Each demonstration farm is assigned a code consisting of the country code 
followed by a serial number assigned to each farm. 

Farmer'S name: Enter the name of the owner of the farm. 
Crop/MPTS system: Each data sheet will be used for one crop or system with the 

demonstration farm. Enter the name of the production system or crop. Ex. Corn-beans, 
Eucalyptus-corn, Corn. 

System code: Each system or crop will be assigned a code to be used in processing data. 
Enter the appropriate code. 

Farm (ha): Enter the size of the farm in hectares. 
Plot (ba): Enter the size of the plot containing the crop or production system. 
No. of trees: Enter the number of trees if an MPTS production system. 
Plot no.: Each plot will be numbered consecutively. Enter the plot number. 
Hours/workday: Enter the number of hours in a workday. 
Currency unit: Enter the currency unit used in registering data. 
Date: Enter the date on which the activity took place. 
Plot: Enter the number assigned to the plot. 
System: Enter the code assigned to the production system or crop. 
Act.: Enter the code assigned to the activity. The activity code is also used to distinguish 

between income and expense items. 
Activity: Enter the name of the activity registered. 

LABOR 
Hours family: Enter the number of family hours dedicated to the activity registered. 
Hours contracted: Enter the numbers of hours of work contracted to hired labor. 
Cost/hour: Enter the cost per hour of work. 
Contract activity: Use this column to register tasks contracted for a fIXed sum. Ex. Hiring 
worker with tractor to plow a field for a fIXed price. 

INCOME AND EXPENSES 
Product: Enter the name of the product purchased, sold, or consumed on-farm. 
Quantity: Enter the quantity of the product purchased, sold, or consumed on-farm. 
Unit: Enter the unit of measurement used to measure the product purchased, sold, or 

consumed on-farm. 
Cost per unit: Enter the cost or price per unit of product purchased, sold, or consumed Qn

farm. 
Other costs: Enter the costs not covered under other headings of the form. 

Source: Current, Dean (ed.). 1990. Field forms and instructions for registering socioeconomic information for the 
Madelena Project (English version). CATIE, Turrialba, Costa Rica. 
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Table 5. Standardized forms and instructions for registering socioeconomic information for 
monitoring ongoing production processes. 

Production Processes 

The data-gathering forms for production processes are designed to enter data on 
multipurpose tree species production processes (nurseries, site preparation, planting, 
maintenance, thinning, and harvest of tree plantings). Data related to (i) site characteristics, 
(ii) types of operations performed and activities involved, (iii) personnel, inputs, and tools used 
to carry out activities, and (iv) limited information on administrative costs are registered and 
entered into the database system. The forms presented here are used to gather data in the 
field and also for entering the information in database tables. 
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GENERAL DESCRIPTION OF SITE FOR PRODUCTION PROCESSES
INSTRUCTIONS 

Country code-Each country has a two letter code (CR = Costa Rica, SV = EI Savador, GM 
= Guatemala, HN = Honduras, NI = Nicaragua, and PA = Panama). 

Site code-The first number indicates the region and the last two numbers are consecutive 
numbers assigned to each site. Use the code already assigned if it exists, and if it doesn't, it 
will be assigned in the office. If the owner changes, also change the number of the site. 

Name of the recorder-Name of the person filling out the form. 
Name of the owner-Name of the property owner. 
Classification of the owner-Choose the most adequate classifIcation. 
Classification of geo-politicallocation-Note the names of the geo-political divisions where the 

site is located. 
Address and distance of the site of the nearest town-Note the cardinal direction (north, south, 

east, west); the number of kilometers from the site of the nearest town or community and the 
name of the town or community. 

LongitUde and latitude-Note the location of the site in degrees of latitude and longitude 
according to a topographical map. 

Altitude-Note the altitude above sea level of the site in meters. 
Life zone-Note the life zone according to the Holdridge classifIcation system. 
Distance from the site to the closest representative meteorological station-Note the distance 

in kilometers x 10 (Ex.: 9.2 km will be 92). 
Altitude of the closest representative meteorological station-Note the altitude of the 

meteorological station. 
National codes of the stations for precipitation and temperature-If there is no code assigned 

for MIRA, consult with headquarters. 
Frequency of frosts-Note the frequency of frosts using the numbers in parenthesis. 
Slope measured in percentage-Note the average percentage of the predominant slope of the 

site. 
Code of aspect-The aspect is the cardinal direction toward where the site is inclined. 
Landscape code-Note the number of the category that best describes the site. 
Fire code-Note the frequency of fue at the site with the appropriate code. 
Type of soil according to soil map-Look for soil map of the site and note the type of soil and 

the source of the information. 

OTHER COMMENTS: 

Source: Current, Dean (ed.). 1990. Field fonns and instructions for registering socioeconomic information for the 
Madelena Project (English version). CAllE, Turrialba, Costa Rica. 
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Socioeconomics 
DSITIOSE 

Page 1 of 1 
CATIE, PFAF, MIRA, 05/89 

GENERAL DESCRIPTION OF SITE FOR PRODUCTION PROCESSES 

Country code _____ _ Site code _______ _ Date ______ _ 

(day, mo., year) 
Name of recorder Nameofowner ___________________________ ___ 

Classification of the owner (0 = no data, 1 = individual, 2 = communal land, 3 = organized 
group, 4 = state industry, 5 = institute or state agency, 6 = private industry, 7 = private 
institution or agency, 8 = other): ____________________ ___ 

Name of site/farm _________________________ _ 
Province/Department _________________________ _ 

Canton/District/Municipality ____________________ _ 
District/Corregimiento/Canton/ Aldea __________________ _ 
Caserio ______________________________ _ 
Community ___________________________ _ 

Direction and distance in kilometers from the site to the nearest town (caserio): 

Longitude in degrees ____ _ and min. ____ _ (E = east, W = west) ___ _ 

Latitude in degrees and min. ____ (N = north, S = south) 

Altitude (masl) _____ _ Life zone (Holdridge system) ________ _ 

CLIMATE: 
Distance of the site to the closest representative meteorological station in km x 10u. __ _ 

Altitude of the representative meteorological station _______ _ 
Code of the meteorological station for precipitation _______ _ 
Code of the meteorological station for temperature _______ _ 
Average annual precipitation (mm) Average annual temperature (C) __ _ 
Frequency of frosts (1 = none, 2 = rare to less than 1 per year, 3 = common,4 = many 

times per year): ______ _ 

SOILS-TOPOGRAPHY: 
Average slope in percent _______ _ 
Code of aspect (1 = north, 2 = east, 3 = south, 4 = west, 5 = plain): ______ _ 
Code of landscape (1 = swampy,2 = floodplain,3 = plain,4 = undulating,5 = with hills, 

6 = with fragmented hills, 7 = extremely rugged, 8 = mountainous): ______ _ 
Code of frre (1 = none,2 = rare (less than once a year), 3 = yearly (once a year), 4 = 

frequently (more than once a year»: _________________ _ 
Type of soil according to soil map ____________________ _ 
Source of information _________________________ _ 

Source: Current, Dean (ed.). 1990. Field forms and instructions for registering socioeconomic information for the 
Madeleiia Project (English version). CAllE, Turrialba, Costa Rica. 
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SPECIFIC DESCRIPTION OF THE SAMPLE AREAS USED FOR 
PRODUCfION PROCESSES-INSTRUCfIONS 

(Ibis form should be used each time a sample is taken or information collection is carried out.) 

COUJltry roct-Each country has a code of two letters (CR = Costa Rica, SV = EI Salvador, GT = Guatemala, HN 
= Honduras, NI = Nicaragua, PA = Panama). 

Site code-The first number indicates the region and the last 2 numbers are numbers assigned consecutively to the 
general site. Use the code already assigned if it exists and, if not, it will be assigned in the office. 

Process code-Each process or operation measured will have a code that describes (1) the type of process and (ii) 
consecutive number for each process or operation measured (Ex: RL07 will be seventh process of thinning in a 
country). W = Nursery, PT = Land preparation, PL = Planting, MT = Maintenance, RI = Thinning, AT = Total 
harvest. 

Plot code-Each plot within a site will be assigned a consecutive number. This number will be assigned in the offiee. 
Date-The date on which the form is filled out. 
Name 01 recorder-Name of the person that fills out the form. 
Method 01 carrying out the process-Note if it was manual, mechanical, or a combination with the corresponding 

number (mechanized-with motor). 
Method 01 data coUectlon-Note the method used. 
Price and length 01 workday-Note the price of one workday for a worker and a supervisor and the number of hours 

in a workday. Also note the dead time in a workday (the time generally taken for eating and resting during 
workday). 

MPTS management system-Note the system that is used with the corresponding number. 
Date 01 plantation-Note the date that the trees are planted. 
History 01 treatments-Note the type of management that the plot has received in the past. 
Specie-Note the name(s) of the specie or species planted. The species code can be filled out in the office, if codes 

are not available in the field. 
Area or length 01 sample-Note the area when in a block, or length when in lines of the plot measured and the unit 

of measurement (meters or square meters). 
No. 01 original trees-No. of original trees planted. 
No. 01 existing trees-No. of trees existing at the time the measurement is carried out. 
Original spacing-The spacing between trees at the time of planting. 
Vegetative material planted-Note the number of the category of material that was used for sowing or planting the 

trees. 
Average temperature 01 the day-Note the average temperature of the day or days in which the process or operation 

was carried out. 
Rain-Note the no. corresponding to the conditions of humidity. 
Slope measurement in percentage-Note the average sloping of the sample plot or process. 
SOU toture-Note the no. corresponding to the type of soil of the plot. 
Stoniness-Note the no. that best describes the stoniness of the soil. 
Humidity-Note the no. that best describes the humidity of the soil. Dry = cannot be formed into a ball, Humid = 

can be formed into a ball, Very humid = saturated soil with water or stagnated water. 
Vegetation-Note the type of existing vegetation in addition to the MPTS trees in order of importance beginning with 

the most important in the first box. 
Average height 01 vegetation-Note the average height of the vegetation that most inhibits the work. 
Average diameter 01 the trees-If it is necessary to remove trees from the site, note the average diameter of those 

trees. 
Errect 01 the vegetation as obstacle-Note if there was or was not an effect of the vegetation on the work and, if so, 

the level of interference. (Ex: Shrubs and grasses with an average height of a meter with thorns create a high 
interference.) 

Source: Current, Dean (cd.). 1990. Field forms and instructions for registering socioeconomic information for the 
Madelena Project (English version). CATIE, Turrialba, Costa Rica. 
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Socioeconomics 
DFAENA 

Page 10ft 
CATIE, PFAF, MIRA 04/89 

DESCRIFl10N OF SAMPLE AREAS USED FOR PRODUcnON PROCESSES 

Country code ______ _ Site code ______ _ Plot code _______ _ 

Process code ______ _ Date (day, mo., year) ____ _ 
~roername __________________________________ _ 

Method of accomplishing process (1 = manual, 2 = mechanical, 3 = manual + mechanical): ________ _ 

Method of data collection (1 = timed activities, 2 = yield for total process, 3 = recuperation): ______ __ 

Price of workday Hours in workday (hr-worker) _______________ _ 

Price of supervisor/day ____ _ Dead time in workday (rest, lunch) (hr-worker) ______________ _ 

System of managing MPT (1 = pure plantation, 2 = trees planted with ag-crops, 3 = live fences, 4 = forage plantings, S = individual trees, 6 = other): ____________________________ _ 

Starting date of plantation (day, mo., year) ___________________________________ _ 

History of treatments _________________________________ _ 

Species _____________________________________ _ 

Code 

Sample area (block) or length (line) ___________ _ Unit (1 = m2,2 = m) ____ _ 

No. original trees __________ _ No. existing trees _______ _ 

Original spacing (cm) _________ em x _______ em x _______ em 

Vegetative material planted (for nursery and plantation operations): 1 = seed,2 = plant in plastic bag, 3 = plant 
in other type of container, 4 = small cutting, S = large cutting, 6 = stump (with root & leaf pruning), 7 = bare 
root,8 = other __________________ _ 

Average temperature ·C ________ _ 

Rain (1 = none, 2 = not much effect on the work, 3 = significant effect): ______________ _ 

Average slope in percentage ______ _ 

Soil texture (01 = sand, sandy loam; 02 = sandy loam; 03 = loamy, silty loam; 1M = clay, silty loam; 05 = clay, sandy 
loam; 06 = clay): ______ _ 

Stoniness (0 = no data, 1 = little (1-10%), 2 = medium (10-30%), 3 = high (> 30%),4 = bed rock, 
S = none): _______ _ 

Humidity of the soil (1 = dry, 2 = humid, 3 = very humid): ______ _ 

Predominant vegetation (in addition to the MPTS system) in the oroer of importance (1 = trees, 2 = shrubs, 3 = undergrowth, 4 E clean): _______________________________ __ 

Average height of the predominant vegetation (dm) __________ _ 

Average diameter of the trees (mm) _____________ _ 

Effect of vegetation as obstacle (1 = none,2 = little, 3 = medium,4 = high): ____________ _ 

Source: Current, Dean (ed.) 1990. Field forms and instructions for registering socioeconomic information for the 
Madelena Project (English version). CATIE, Turrialba, Costa Rica. 
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THEME 3 

USE OF EXPERIMENT STATION AND ON·FARM TRIAL RESULTS 
FOR ECONOMIC AND FINANCIAL ANALYSES OF AGROFORESTRY SYSTEMS 

by 

Simeon E. Ehui (chair), Mark Buccowich (rapporteur), Marcelino Avila, Rodrigo Arias, Kent 
Fleming, Peter Hazelwood, Oiman Rivera, William Sunderlin, Robert Wheeler, Paul 
Wojtkowski 

THE SE'ITING 

The farming system paradigm suggests that the research problem first be identified through 
diagnostic surveys. Next, component research is conducted on-station. Research results are 
then validated in the farm setting. Information gathered on-farm serves as feedback for further 
modification and adaptation of new agroforestry technologies on-station. Only when the 
technologies have proved to be beneficial or to fit the farmers' farming systems can these 
technologies be extended to a large number of farmers. 

At each stage, economic and fmancial analyses can and should be addressed. Economic 
analysis in the farm setting is not cause for concern. However, conducting economic analysis 
using on-station data is subject to controversy. To date, most agroforestry experiments have 
been conducted on-station. Yet donors would like to know if these technologies are sufficiently 
attractive to farmers to justify further funding. How relevant then is data collected on-station 
for economic and fmancial analyses or, rather, should we use data collected on-station for the 
purpose of economic analysis? 

These questions are asked because experiments are, by design, intended to provide results 
under controlled conditions. The basis of the scientific process is to reduce the effects of 
uncontrolled variability on the results of an experiment. Experimental control can produce 
results appropriate for applications that are related to on-farm needs. The problem relates to 
both input and output factors and on-farm socioeconomic concerns. To address these issues, 
we raise four basic questions. 

QUESTION 1. Is data collected from trial and research elTorts relevant to real world field 
context? 

Certain trials are set up such that economic data becomes irrelevant in a real world context. 
We believe that when experiments are properly and purposely designed, data collection on
station can be relevant. Certain data cannot be obtained (or are difficult to collect) on-farm. 
These data include soil erosion, soil nutrition measures (e.g., soil micro- and macronutrients), 
and information on the digestibility of forage, monitoring of nonfmancial benefits of 
agroforestry systems (e.g., N fIXation and assessing the value of lime replacement by mulches 
in alternative agroforestry systems). The degree of precision required in the collection of these 
data makes it necessary to conduct on-station experiments. In this case, economists' input 
should be solicited during design of the research project. Examples of trials best undertaken 
on-station include rotational systems (systems involving different fallow periods), livestock-tree 
interactions (e.g., alley farming), and fodder banks. These trials should be done on-station 
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because they involve several main plots and subplots and replications. Collection of soil- and 
climatic-related factors would also seem best accomplished on-station, as are factorial 
experiments and/or prototype trials. 

On-farm trials require large areas because of the problem of control over variables. Farm size 
can be a constraint in certain cases. 

QUESTION 2. What kinds of financial and economic questions can be answered on-station? 

There are two basic answers to this question. First, to assess the relative attractiveness of a 
specific agroforestry system compared with other systems, using economic or fmancial analysis 
at the station level allows the researcher to determine a promising specific technology for on
farm testing/validation. One would not want to have a split-plot design experiment on a 
farmer's field. Replication, for example, is very difficult at the farm setting. Another question 
that can be answered through on-station research is the sustainability of alternative land-use 
systems, including traditional and improved agroforestry systems. Measuring sustainability 
requires collection of not only biological and physical data, but also socioeconomic data. The 
collection of these data requires a multidisciplinary approach in the design of the experiments. 
The necessity of conducting the experiment on-station is also linked to the length of time 
required to obtain accurate and meaningful data for sustainability purposes. Some of these data 
include the following: 

vegetation: weed density, composition of flora, and weed seed dynamics; 
physical properties: bulk density, soil water retention, water infUtration rates, and 

particle size distribution; 
soil chemical properties: organic C, N, and P; and pH and cation exchange capacities 

(CEC); 
soil microbiological aspects: soil organic matter fractions (heavy and light fractions 

including microbial biomass); 
agronomic factors: plant establishment, plant biomass, and crop yields; 
environmental factors: rainfall, light interception, ground water pollution; 
economic factors: labor use, input use, and output prices; and 
animal factors: weight grains, calving or kidding intervals, lactation length, mortality 

rates, reproduction rate, etc. 

QUESTION 3. Should we collect data from on-station trials for economic and financial 
analysis? What are the limitations on the use of such elata? 

The answer to the fll'st question is a qualified yes. Economic work can be done on-station 
provided experiments are designed to meet the needs of economic analyses. There are major 
problems associated with economic and financial analyses of experiment station results in terms 
of their relevance to a real field context. One such example entails measuring labor with its 
many associated biases. Land preparation and system management may be more intensive on
station. Inputs used may not readily be available to small farmers. Outputs are commonly 
overestimated, often by a factor of 20 to 40 percent. 

The question of labor biases is of primary importance. Price and other factors on-farm may 
be different, and the way in which operations are undertaken may not be realistic. Plot sizes 
on-station are smaller and the use of labor is much more intensive. Hourly wage rates used 
on-station can produce a slower rate of output. Paying on a task basis better approximates the 
on-farm situation although it can result in fast and sloppy work. Whether the system in 
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question is a new technology or traditional one is an important consideration. Labor intensity 
and frequency requirements will differ according to the type of system involved. Estimates of 
the labor requirements for traditional systems are less difficult than estimates of requirements 
for new, untested systems. For newer systems, methods of estimating labor requirements need 
to be developed. Once we understand what the labor requirements are for each system, we can 
ask whether or not it should be analyzed on-station or off-station. 

Socioeconomic factors are perhaps the most difficult to replicate in on-station work. Questions 
such as family size; land tenure; farmer's age, experience, and gender; farm assets; access to 
inputs; other sources of income; and a farmer's risk acceptance level cannot be adequately 
estimated or compensated for in on-station work. 

QUESTION 4. Once the decision to work on-station has been made, how can the problems 
discussed be addressed? 

Knowledge of farmers' concerns, priorities, and problems can help. In undertaking on-station 
experimental design, farmers should be surveyed and an attempt made to replicate on-farm 
conditions to the extent that the inherent limitations of on-station work permit. The objectives 
of the experiment need to be oriented toward economic and/or fmancial analyses. 

The problem of labor can be addressed to a limited extent. There has been some success in 
estimating on-farm labor in on-station trials through the use of "contract" farmers. Farmers are 
hired to farm a given system as they would normally operate. Close supervision of task labor 
can produce valid data on time requirements for given activities. Another approach that 
provides reasonable results is to obtain estimates from a number of regularly employed hired 
laborers, and to then check these estimates against field observations. Experience has shown 
that these estimates do not differ significantly from field data. 

Material inputs are easily measured on-station and can be applied to on-farm work. Data on 
equipment use is also easily transferred. 

Outputs are usually overestimated with on-station research. Typically, on-station yields are 20 
to 40 percent higher than yields obtained by farmers. These differences can be dealt with 
through the use of adjustment factors. Developed from field surveys, such factors reduce on
station yields and bring them into line with what is possible in the field. 

On-station work, once validated through ex-ante analysis, should then be extended to a limited 
number of "farmer-collaborators" to determine its replicability in the field. Only after ex-ante 
fmancial analysis shows cost effectiveness should the technology, system, or modification be 
encouraged on a wider scale. Failure to show profitability in either of the ex-ante analyses 
requires taking several steps backward and reevaluating the original premise. The role of on
station trials should always be to produce data suitable for ex-ante analysis. 
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THEME 4 

MARKET ANALYSIS AS A PART OF ECONOMIC AND 
FINANCIAL ANALYSES OF AGROFORESTRY SYSTEMS 

by 

H. H. von Platen (chair), Herminia Francisco (rapporteur), Mike Bannister, Mark Buccowich, 
Katie Friday, George Gardner, N. C. Saxena 

INTRODUCfION 

The main advantage of a workshop group at an international seminar is that people from 
various countries and cultures with different backgrounds join to discuss certain issues, bringing 
together specific knowledge. However, the result depends on various factors such as the (often 
random) composition of the group and the time frame in which to work. Given the advantages 
and disadvantages of the situation, the group decided to collect and discuss major issues without 
claiming to redo standard books on marketing. The result is a list or guideline of aspects to 
consider when attempting market studies as part of the economic and fmancial analyses of 
agroforestry systems. Not all of the aspects mentioned will apply to any specific situation. The 
natural and socioeconomic environments, production systems, magnitude of a project, available 
resources, and data determine the focus of a corresponding study. The group felt that the 
results provide a good beginning, but there is a considerable amount of work to be done in this 
field. 

Generally, it was believed that the theory of markets and marketing exists and that the 
necessary tools to use the theory are available. Therefore, the working group does not offer 
major new aspects. It is evident that markets for agroforestry products are extremely complex 
and diverse. The products and their uses (which may make different products out of the same 
physical item) may change from region to region; so do demand and structure of markets. 
Data for comprehensive analyses as well as practical experience seem limited. 

The focus of discussion was on forestry production in the agroforestry systems because it was 
believed that there is already substantial information on agricultural markets. Input markets 
were not considered. 

The working group addressed several questions regarding the role of marketing. 

QUESTION 1. Why do market studies? 

Financial and economic analyses of agroforestry systems should go beyond profitability analyses. 
They should include market studies as an integral part to ensure that there is need and demand 
for the products envisaged. In reality, markets are an often overlooked component of economic 
and financial analyses, especially in research activities. 

QUESTION 2. What kind of market studies should be done? 

Market studies can be conducted during different periods of a project with different objectives. 
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Ex-ante: These studies are carried out before the start of a project or before developing 
technologies with new products. The objectives are to identify market constraints, 
market demand, and price forecasting. 

In-process: These studies are conducted during ongoing activities. Topics may be the 
search for markets for primary products and markets for processed products. The 
objective is to determine if market conditions have changed since inception of 
project. 

Ex-post: These studies will normally serve research and learning purposes. In some 
cases there may be funds available for foUow-up measures, which allow for adapting 
activities to changing conditions. 

QUESTION 3. Who are the clientele? 

Clientele in this context are farmers with smallholdings. This has implications for the type of 
products reaching the market, the structure of the markets available to smallholders, and the 
type of market intermediaries. 

DIFFERENCES BE1WEEN MARKETS FOR PRODUCTS FROM AGROFORESTRY 
SYSTEMS AND MARKETS FOR AGRICULTURAL AND FORESTRY PRODUCTS 

Products are generated on small farms, which normally would generate an insignificant 
marketable surplus of forest products. Primary product markets would be home and local 
consumption. 

Depending on the production system, there may be a long time between investment and first 
marketable products from the trees. Farmers must be willing to wait for a return on 
investment. The wood part of the product is less perishable than most of the agricultural 
products. This allows the farmer to assume risk management, as products can be harvested and 
sold when the market prices are most favorable. 

Markets are more diversified: there is a scattered supply in terms of products and suppliers and 
a scattered market in terms of size, demand, and location. Markets are centralized. It is 
difficult for extensionists to recommend practices. There are less "established" data for forest 
products from small farm production. 

There is often competition between private production and exploitative supplies from public or 
private land (where only harvesting is required due to the use of primary forest, natural 
regrowth, or the use of forests established with public means). Laws often treat agroforestry 
products as public commodities (e.g., by regulations for felling trees). 

There are numerous qualitative and intangible benefits (e.g., soil and water conservation, \Vind 
breaks, aesthetics, and conservation of fauna and flora), which do not have market values. 
Those benefits are seldom offered by agricultural production, which, in fact, has external costs 
rather than benefits. 

There is a lack of standard grades and prices for agroforestry products. 
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ELEMENTS OF MARKET STUDIES 

Supply analysis. This includes products generated; marketable surplus; seasonality, cycles, and 
trends of supply; and sources of supply. 

Products generated. One agroforestry system may generate one or more of the 
following, marketable products: 

Agricultural crop and/or livestock 
Wood products 

Sawed timber (construction, furniture) 
Poles, posts (power lines, fences, mines, etc.) 
Fuelwood and charcoal 
Pulpwood 
Sawdust 
Other minor by-products (bark, etc.) 

Nonwood products 
Food (such as fruits, nuts, oils) 
Medicines 
Industrial inputs (such as rubber, oils, turpentine, waxes, resins) 
Animal consumption (fruits, fodder, etc.) 

Markets for these products might not always exist due to lack of demand or because the 
demand is generally satisfied by on-farm production. Products sometimes have overlapping uses 
such as sawed timber and fuelwood. Products can vary considerably according to the natural 
and socioeconomic environment. For example, in poor, deforested areas, all timber is likely 
to be used as fuelwood. 

Marketable surplus. The marketable surplus for a single farm would be estimated as 
production minus home consumption, including kept-as-seed and others. The total supply of 
products of the farms for this region would be estimated as the sum of all marketable surplus 
plus regional imports. 

Seasonality, cycles, and trend or supply. 

Some of the products such as agricultural output (e.g., fruits and fodder) are seasonal. 
Supply may reach market time when other products have slack periods, especially in 

labor requirements. This period may not coincide with maximum demand periods. 
The flexibility with which a product can be marketed in time is related to its nature 
(perishability), the producers' need of cash, storage facilities, and transportation. 

Trees may have different products according to their age (only fuelwood, fuelwood and 
posts, or poles, or sawed logs). 

If a large number of farms begin production simultaneously, certain products may flood 
markets. 

In some agroforestry systems, there is a need for synchronization of the (economic) 
life-cycles of the combined crops (crop damage at timber harvest may be severe) or 
for the biological cycles of the crops (the agricultural crop requires less shade in the 
flowering period), which can determine supply of products to the markets. 
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Sources of supply. These include farms and homegardens, forests (planted, natural 
regrowth, and primary forests-public and private), and communal land. 

The supplies from these sources compete as long as exploitative supply from open access 
sources is readily available. Labor costs determine the competitiveness of the different sources. 
Labor (opportunity) costs in turn depend on who harvests or collects the products. 

Demand analysis. Various aspects of demand analysis were considered. 

On·farm-demand. Is this demand being satisfied by own production and/or by 
purchases? The on-farm demand is essential to know as it determines the value of products 
when planning new activities: new on-farm production for on-farm use has to be valued with 
the relative purchase price as it substitutes for alternative purchases. Additionally, timely 
availability of products and different labor requirements have to be accounted for when 
comparing to a situation without on-farm production. 

OtT·farm demand. This demand is to be differentiated between local, regional, 
national, and, possibly, export demand. In the case of systems that provide several products, 
a matrix of the following type could help in structuring the market: 

Products Local Regional National Export 

Agricultural 
crops 

Sawed logs 

Poles 

Fuelwood 

Charcoal 

Pulpwood 

Fruits 

Medicines 

Fodder 

Other 

In general, factors influencing demand are popUlation growth, income level, price level, 
availability, prices of substitute products, and preferences (using bricks instead of timber or vice 
versa). 

Consumer and farmer preference studies. Besides the consumers' (including the 
farmers themselves) preference for certain products, product mixes, and, in more differentiated 
markets, qualities of one and the same product, farmers' preferences to grow or not to grow 
certain products have to be respected (see paper by Saxena in this proceedings). 
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Effective and potential demand. Effective demand is the actual demand backed by the 
peoples' ability to pay. Potential demand may twn into effective demand by promotion or 
offering the right product at the right time; yet, there may be a portion of potential demand 
that cannot be turned easily into effective demand due to lack of purchasing power. 

Competing products. Forest products may substitute for nonforest products (e.g., 
timber for bricks, fuelwood for liquid gas), which influences the effective demand for wood 
products. 

Seasonal demand. Some products may have only a seasonal demand, such as fodder 
from trees in the dry season. It is important to time production to seasonal requirements. 

Price analysis. Forest products are increasingly scarce resources (especially where supplies 
from primary and secondary forests are depleted). Production cycles can be long, so prices may 
undergo substantial changes before harvest time. Elements of price analyses, apart from the 
already described demand and supply analyses, are determination of prices, seasonality (short
and long-term trends), price development of concurrent products, elasticity of demand and 
supply to prices and income, and cross price elasticities for complementary and substitute 
products. 

A major problem in price analysis is the need for time series data. Price data may be 
nonexistent, lack reliability, be done in local nonstandard measures (see, for example, the paper 
by von Platen in this proceedings), or have fIXed prices with wide variability in volume. 

Market structure, conduct, and performance. 

Structure. This includes analysis of product flow, location, and size of markets, number 
and characteristics of traders, ease of entry to and exit from markets, access to markets for 
different groups of producers, levels of markets (primary, secondary, and tertiary), and market 
information. This analysis tells who controls the market, sets the prices, and which kind of 
intervention may be necessary or desired. 

Conduct. This includes the methods involved in traders' relationships, producer-trader 
relationships (e.g., contract farming), market rules, knowledge of participants, governmental 
regulations, and spatial price differentiation. These factors provide information on how prices 
are established. 

Performance. This assesses the efficiency of markets, marketing margins, and 
marketing costs (e.g., how well market is performing in relation to perfectly competitive market 
if products, prices, and information are freely available). 

Post harvest. This analyses assesses what post harvest practices are performed and how they 
respond to consumer preferences and needs, technical conditions, and transportation. 
Efficiencies and possibilities of improvements of processing, transport, storage, and grading are 
an important aspect of increasing the value-added to a raw product. 

Processing, for example, can add considerable value to the products on-farm when done by 
farmers or can generate totally new products (see Street's paper in this proceedings). 
Transport and storage facilities and costs determine the distance products can be transported 
for sale and still generate a profit for the producer. 
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MARKET DEVEWPMENT 

Market development may be necessary and desirable, especially when project activities are 
expected to substantially increase market supplies or new products are to be introduced. 
Elements of market development are (1) tapping potential demand and/or creating demand 
by means such as advertisement campaigns and test markets, (2) development of new products 
either by introducing new species or by introducing new processing procedures, (3) development 
of market information systems, (4) provision of direct market linkage between producers and 
consumers, and (5) development of market infrastructure to increase market access. 

MARKET POLICY 

Market policies deserve special attention in agroforestry development. As already outlined, one 
of the major differences between agricultural markets and forest markets is that trees are often 
considered public commodities, going as far as declaring government ownership of trees on 
private land or giving squatters the right of ownership on land which they occupy and cultivate 
for a certain time. Aspects of laws, nontariff intervention in forest markets, schemes of 
subsidies and taxes, and social marketing have to be considered when creating incentives for 
introduced agroforestry systems. 

TOOLS FOR MARKET STUDIES 

The tools for market analysis and studies of agroforestry markets do not differ considerably 
from those used in other market studies. They consist mainly of market and farmers' surveys, 
group interviews, trade and price monitoring, time series analysis, and demand analysis to 
estimate price elasticity for a product. Analysis can be done at four primary and secondary 
market levels. The applicability of some of the standard tools may be considerably restricted 
due to the lack of data. 
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THEMES 

METHODS AND MODELS FOR ECONOMIC ANALYSES 

by 

Sara J. Scherr (chair), Joshua Daniel (rapporteur), Jim Fownes, Songpol Kamnerdratana, G. 
Edward Karch, KeUa Lekhraj, Donald Street, T. H. Thomas 

INTRODUCTION 

The first objective of the working group on "Methods and Models of Economic Analyses" was 
to identify important economic criteria for assessing agroforestry technologies. Among these 
are criteria which can only be identified by understanding the principles of farmer decision 
making in the area under study. The second objective was to assess the strengths and 
weaknesses of different economic methods for evaluating these criteria. 

CRITERIA FOR EVALUATING ECONOMIC PERFORMANCE OF AGROFORESTRY 

The economic value of agroforestry technologies may be assessed according to a large number 
of potential criteria. Different criteria may be of importance to different groups, such as 
farmers, financing agencies, or regional planners. 

Assessment criteria. Criteria may differ according to the objectives of the study (e.g., feasibility 
study, study of existing agroforestry systems, project impact evaluation) and level of analysis. 

Farm-level assessments include the following: 

Total production and income generated; 
Economic efficiency or productivity in the use of farm resources (e.g., labor 

productivity or land productivity); 
Returns to investment compared to alternatives; 
Payback period for investment--the length of time for repayment of the 

investment; 
Management feasibility for the farmer; 
Management flexibility (e.g., if product prices change, can the farmer adjust 

the output mix of the system quickly?); 
Cash flow and labor use through the year; 
Assessment of risks and uncertainty, resulting in loss or complete failure; 
Marketability of products; 
Requirements of external inputs; 
Recommendation domain (what types of farmers, on what types of sites will 

fmd the practice economic?); 
Sustainability (e.g., capacity to maintain soil fertility, stable water balance, and 

vegetative cover); 
Effects on food security, nutrition, or health for the family household; 
Intangible benefits (e.g., shade for people, shelter, quality of housing materials, 

aesthetics, and fencing of homestead for privacy). 

52 



Community/regional assessments include the following: 

Employment demand and multipliers (e.g., a switch to tree crops may lead to 
a large increase or decrease in demand for local labor); 

Income multipliers (e.g., through production and processing); 
Externalities (i.e., costs or benefits not captured in the system; examples are 

reduced siltation downstream, effects of tree planting on neighboring 
beekeepers, swamp drainage leading to reduced malaria, change in wildlife 
habitat, and change in biodiversity); 

Changes in the distribution of factors of production (e.g., in land or tree 
tenure); 

Changes in the distribution of income (e.g., by providing differential access to 
tree resources); 

Changes in the scale and pattern of land use (e.g., establishment of settled 
agriculture in area previously under shifting cultivation); 

Changes in social structure and social stability (e.g., increase or decrease in 
tensions between farmers and herders). 

Understanding farmer decision making. Almost all economic models make explicit or implicit 
assumptions about the objectives, constraints, and decision-making principles of farmers. In 
order to build economic models in a realistic way, this information must be obtained. Key 
questions to ask are as follows: 

What are farmers' existing strategies for meeting subsistence, cash, savings, and social 
needs? 

Why do farmers or others participate in agroforestry activities? 
How do farmers determine labor allocation, and what are their main labor constraints? 
What alternatives do farmers have to obtain the products and services which trees can 

provide? 
What criteria do farmers use to determine when to harvest wood products (e.g., poles 

vs. timber; peak mean annual increment (MAl) vs. maximum cash, size, and 
emergencies) ? 

What discount rates do farmers have for different types of enterprises? 
What output mix do farmers desire under different conditions? 
How do farmers value the production from trees and crops, and what trade-offs are 

acceptable? 
Who makes the decisions about production and consumption of tree products in the 

household or village? 
Are there groups of farmers who have significantly different cost structures or incentive 

structures, for whom different economic models would be needed? 

Tools used to obtain information about these farmer objectives and decision-making issues 
include the following: 

Household questionnaires; 
Participant -observation; 
Hiring of local "consultants"; 
Farmer meetings; 
Case studies; 
Review of existing literature; 
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Key informants (experienced people); 
Rapid rural appraisal; or 
Evaluation of early on-farm trials with farmers using the new technology. 

To accommodate improved information on these issues over time, it is valuable to use methods 
that are flexible in their parameter values or response functions so changes can be made easily 
in the models and sensitivity analysis conducted for different scenarios. 

USING DIFFERENT TYPES OF ANALYSES 

Once priorities for economic assessments have been identified and a good basic understanding 
of farmer decision making has been obtained, methods of analyses can be selected. The group 
concurred that the basic principles and theories of different methods of economic analyses 
applied as well to agroforestry as to agriculture or forestry. Nonetheless, there are several 
reasons economic analyses of agroforestry are often more problematic: 

Taking account of the tree-crop interface and interactions; 
Need for collaboration between disciplines that don't often work together and may 

have different, conflicting approaches to analyses (agronomists, foresters, agricultural 
economists, and forest economists); 

Fragmentation of expertise among people who work in narrow niches, making it 
difficult to pull together needed information; 

Difficulty in evaluating long-term benefits, environmental benefits, and externalities; 
Lack of field people trained in skills for economic analysis. 

This section looks at a number of different methods in turn and identifies those types of 
economic questions which the methods answer well and those questions which the methods do 
not answer well. This is followed by brief discussions on evaluating environmental effects, on 
discounting and sensitivity analysis, and on some general suggestions. 

Analyzing farm management efficiency. Many economic assessment criteria for agroforestry 
relate to the efficiency of farm management. Farm income analysis (sometimes called 
comparative analysis) evaluates existing farm situations, while farm budgeting and gross-margin 
analyses evaluate the effects on farm resource use and income from changes in farm practices. 

Farm income analysis/comparative analysis. This basic set of farm management tools 
evaluates production revenues and costs; utilization of labor, land, and capital resources; 
management constraints; and productivity of existing farm enterprises and inputs. Economists 
should be encouraged to use this approach as part of all farm-level studies. 

The strengths of this method are as follows: 

It is a basic tool for estimating efficiency in farm use of different resources, 
or of the same resource in different enterprises. 

It provides a framework for evaluating production and productivity levels in 
existing agroforestry systems. 

The evaluation provides a whole-farm perspective. 
Evaluation over a longer time interval can be done, though not common. 
It provides a good basis from which to apply other analytical tools. 
It pulls together data required in most other types of analysis. 
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It highlights farm management problems. 
Uses data most likely to be available from farmers and statistics. 
It should be done for cost-benefit analysis. 
Information can be summed across farms for analysis of agroforestry sector 

(e.g., total regional production, average productivity). 

The weaknesses of this method are as follows: 

It usually provides a static picture at one point in time. 
It is weak in analyzing changes over time. 
It doesn't answer investment questions. 
It doesn't analyze changes in production systems. 

Partial and whole-farm budgeting. These studies quantify the effects of introducing 
agroforestry practices on the farm. With partial bUdgeting, only additional costs and benefits 
are assessed. With whole-farm budgeting, the effects of the new enterprise on resource 
allocation on the farm and on fIXed costs are also considered. Focus is on changes in resource 
use (e.g., cash flows, labor use). ' 

The strengths of this method are as follows: 

It evaluates cash and labor flow implications of intervention. 
It is useful as a farm management tool. 
It keeps the analysis straightforward and transparent. 
It is useful in assessing adoptability of technology. 
It can be combined with cost-benefit analysis. 
It can be used to assess changes in local/regional resource requirements and 

supplies, by evaluating across many farms. 

The weaknesses of this method are as follows: 

It is not an optimizing tool. 
It doesn't show all investment implications. 

Gross margin analysis. This simpler analysis evaluates the direct effects on output 
levels from changes in input levels, and vice versa. Technically, it is revenues minus variable 
costs (i.e., those whose level varies with output, as opposed to fIXed costs). 

The method has the following strengths: 

It concentrates on assessment criteria of agroforestry systems that are 
important for the farmer. 

It allows assessment of agroforestry systems with different tenure for trees and 
crops (e.g., taungya). 

It looks at marginal change in the level of output. 
It can compare input uses for a given level of output (e.g., can compare the 

gross margin from increased pruning to reduce shading of shade-intolerant 
crops to that from introducing a crop with greater shade tolerance). 
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The method has one main weakness: It assumes no change in fIXed costs; therefore, 
it is inappropriate where fIXed costs are important. 

Analyzing returns to investment. To evaluate agroforestry activities involving bigh initial 
investments, or projects for development funding, return to investment is a major criterion. 
The farmer or development agency wants to be sure that returns from agroforestry are 
competitive with returns from an alternative use of resources. The main tool used for this 
purpose is cost-benefit analysis, although farmers sometimes use the simpler payback analysis. 

Cost·benefit analysis. Cost-benefit analysis (CBA) assesses resource inputs, costs, and 
benefits over the lifetime of a proposed (ex-ante) or existing (ex-post) agroforestry technology, 
considering it as a medium- or long-term investment. Discounting techniques are then used 
to compare costs and benefits which occur in different time periods (see following). The quality 
of CBA depends on the quality of field assessments and a complete calendar of resources, costs, 
and benefits. 

There are three basic approaches. In private fmancial CBA, only actual cash costs and benefits 
to the farm are considered. In private economic CBA, noncash costs and benefits are also 
considered, such as family labor input or poles for construction of the family home. In social 
economic CBA, costs and benefits accruing off-farm are also included, such as the value of 
reduced downstream erosion from tree growing. 

Cost-benefit analysis has the following strengths: 

Can provide guidelines for whether money or other resources should be used 
for a given investment. 

Permits selection of the most profitable of several defmed alternatives. 
Maximizes return to given resources. 
Takes account of uneven streams of costs and benefits. 
Allows partitioning of response (e.g., green manure now vs. later). 
CBA can be done with data derived from farm budgeting or bioeconomic 

models. 

Cost-benefit analysis has the following weaknesses: 

It ignores effects of investment on cash and labor flows. 
It ignores farmer capacity to manage system. 
It ignores possible resource constraints. 
It doesn't identify key management factors that determine the success of the 

system. 
There are difficulties in determining appropriate discount rates. 
A poor tool for rapid appraisal, it requires considerable data and time to do 

well. 
The method analyzes only predefmed alternatives. 

Using common indicators from CBA: 

Net present value (NPV): most commonly used, but harder to interpret due 
to condensed form and difficulties in understanding discounting. 
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Annuity value: expresses NPV as an annual income, which is easier for many 
people to understand. 

Benefit-cost ratio (BCR): in order to calculate, total costs in all years must 
be greater than zero. 

Internal rate of return (IRR): used to avoid having to select a specific 
discount rate. However, it is not always recommended for use in 
agroforestry as it can give misleading results if there are differences in 
benefit streams, and it cannot be used at all if there is negative cash flow at 
the beginning. 

Soil expectation value (SEV): analysis commonly used by foresters, which 
takes account of effects over several rotations, to protect against soil mining 
by too intensive exploitation justified by high discount rates. 

Payback analysis. This simple method evaluates the time period required in order for 
an initial capital investment to pay for itself. 

Payback analysis has two main strengths: Farmers are highly interested in knowing the 
time required to recover an initial capital outlay, and it helps to decide how to allocate available 
capital. It has two main weaknesses: it favors short-term investments and it is not appropriate 
for analyzing practices where there is no large initial cost. 

Optimization and simulation models. The farm management and investment analyses tools 
discussed above all require that the agroforestry activities under study be predefmed. By 
contrast, mathematical programming models and production-function analysis allow the analyst 
to identify those technical options that provide the best returns andj or best meet farm 
management objectives. Bio-economic simulation models allow the analyst to predict changes 
in economic returns with changes in inputs, prices, productivity, climatic conditions, and 
management. 

Mathematical programming. Mathematical programming entails optimization under 
specific resource constraints and objective function (e.g., maximizing income from alley-cropping 
by optimal allocation of leafy biomass between mulch and fodder, on a specified land area with 
specified available labor). Production coefficients are specified in terms of inputs required per 
unit of a given activity. For linear programming, stable returns to scale are assumed for all 
inputs. Nonlinear programming allows for nonlinear relationships in inputs, constraints, or 
objective function. 

Mathematical programming has the following strengths: 

Doesn't require a prior selection of technical alternatives. 
Permits analyses of a wide range of alternative, nonmarginal adjustments. 
Works out return per unit of a scarce resource (e.g., the value productivity of 

labor in tree growing). 
Assists in technology design by identifying optimal combinations. 
Supports other aspects of analysis. 
Can be used at regional scale and for input -output analysis. 
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It has the following weaknesses: 

Requires rigorous specification of constraints (resources available) and 
detailed input-output data. 

Analysis is static. 
Linear programming is restricted to situations where the linear assumption is 

enforced over the relevant range. 

Production functions. Production-function analysis looks in detail at the relationship 
between inputs and outputs, which may be linear or nonlinear. Production functions are used 
to evaluate marginal changes in quantities or prices of inputs and outputs in the short- to 
medium-term to identify optimal points of operation. 

Production-function strengths are as follows: 

Explains how economic variables change in relation to each other (e.g., how 
crop yields will be affected by the pruning regime of the associated tree). 

Permits analysis of nonlinear relationships (common). 
Allows assessment and optimization over a continuous range. 
Helps guide extension agents in recommendations. 
Allows comparison of different agroforestry products or enterprises. 
Provides a better understanding of variability in system performance. 
Can be used to build bio-economic models. 

Its weaknesses include the following: 

Requires good data on inputs and outputs. 
Handles only a limited number of variables, which may limit extrapolation. 
Selection of key variables is critical. 
Functions for complex agroforestry systems can become highly complex and 

difficult to handle mathematically. . 

Bio-economic modeling. Bio-economic models integrate production functions and 
budgeting data so that changes in one set of variables are reflected in changes in another set 
in a dynamic manner. Models for agroforestry have been developed based on both computer 
languages, requiring advanced expertise to modify, and on more flexible, user-friendly 
spreadsheets. There are two main types of bio-economic models. Empirical models are built 
by feeding in extensive data from actual field trials on agroforestry systems. Conceptual models 
are driven by analysis of basic processes (e.g., resource sharing between trees and crops under 
different moisture regimes). 

Bio-economic modeling strength: 

Forces specialists to deal with variation and interactions and to identify a 
balanced level of complexity/simplicity in data analysis. 

Opens the door to probable outcomes, which more accurately reflect the 
reality of variability in climate, pest problems, and prices. 

Improves research by focusing hypotheses, reminding researchers of important 
variables, and reducing the necessary number of experiments. 

Has potential for support of extension efforts. 
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Has potential for aggregate agroforestry sector analysis. 
Models can be developed for generic types of agroforestry technologies, 

relying upon specific data based for priority species. 

Bio-economic modeling weaknesses: 

The pseudoprecision of models can be misleading. 
Data requirements are very demanding. 
Results of models require careful interpretation, based on an understanding 

of the structure and assumption of the model. 

Bio-economic modeling offers a potentially valuable tool for extension project managers, 
researchers, and agricultural/forestry planners. Multipurpose models can be built for generic 
types of agroforestry practices (e.g., alley-cropping, border planting, fodder banks), with data 
banks for different tree species and crop combinations. Models need to link with real 
management variables identified from the field. A diversity of models is desirable, rather than 
heavy investment in one large modeling project. Training is needed to enable project managers 
and planners to use agroforestry models in a practical, informed way. 

Farmer assessmenL Economic assessment need not always and should never only rely upon 
quantitative indicators used by economists. It is valuable to obtain an independent assessment 
of agroforestry technologies from farmers who are using technologies. The main tools are 
farmer interviews, farmer workshops, participant-observation, and consensus building. 

Farmer assessment strengths: 

Explains why choices are made. 
Identifies farmers' criteria for evaluation. 
Provides information to help select tools for analysis. 
Identifies units or categories used by farmers. 
Identifies management constraints and opportunities. 
Identifies mosaics in the environment with different opportunities for 

agroforestry. 
Identifies history of land use and land-use change. 
Provides a way to understand farmer variability. 
Can be used as a "reality check" for other analyses. 
Provides client orientation ("user perspective"). 

Farmer assessment weaknesses: 

Cannot be used to analyze investments. 
Does not provide quantitative analysis. 
Does not identify capital structure of a farm business. 
Should not be isolated-should relate to other farms, other measures. 

Data collection tools. Data for use in economic analysis can be obtained from secondary data, 
experimental data, case studies from operational farms or demonstration plots, from formal and 
informal farm surveys, and from farmer workshops, key informant interviews, and participant
observation. Use of experimental data is described in the summary of working group II. This 
section focuses on the types of data that are best obtained from case studies and surveys. 
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Case studies. With case studies, a small number of farms (or communities, or 
projects) are selected for in-depth evaluation, usually involving multiple interviews with farmers 
and collection of field data. Case studies can either be exploratory (e.g., to explore appropriate 
questions and assessment methods for use in a later surveyor set of case studies) or 
extrapolative (e.g., selected systematically to represent a certain group of farmers). 

Case study strengths: 

Good descriptive and exploratory tool (for both quantitative and qualitative 
data). 

Provides in-depth understanding of how and why farmers manage agroforestry 
technologies and typical economic characteristics. 

Can identify new hypotheses. 
ConflmlS some hypotheses through rigorous evaluation without statistics; 
Evaluates the context for farmer decision making and farm management. 
Reconstructs history of land use and effects of different variables. 

Case study weaknesses: 

To extrapolate study results requires careful selection of case studies for 
representativeness and (optimally) complementary use of surveys. 

Studies are often static. 
Can be difficult to achieve rigor without statistical tests. 

Socioeconomic surveys of agroforestry on farms. Surveys involve development of 
standard questionnaires for farmers' interviews and/or standardized field measurements, with 
a systematically selected sample of farmers. Informal surveys have no formal sampling frame, 
unlike formal surveys, so that reliable estimation of quantitative variables is difficult. Surveys 
may be single-visit, multi-visit, or panel surveys (which are regularly monitored). Surveys are 
often analyzed with descriptive statistics, tabulations, tests of significant difference between 
different groups of variables, regression to establish relationships between different variables, 
or cluster analysis to identify groups of similar farms/plots/etc. 

Socioeconomic surveys have the following strengths: 

Useful for identifying distribution of some variable (e.g., an agroforestry 
practice, income from agroforestry, use of a given management technique, 
agroforestry plot yields). 

Useful to describe a farm population (e.g., distribution of land or income, 
stratification according to various criteria, correlation between 
socioeconomic attributes and agroforestry adoption or management, 
marketing practices). 

Useful to test differences in economic characteristics or behavior among 
different types of farmers. 

Useful to describe existing agroforestry systems. 
Panel surveys can capture variations over time. 
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Socioeconomic surveys have the following weaknesses: 

Surveys are poor exploratory tools (compared to case studies and informal 
surveys). 

Many variables cannot be accurately measured with sun .!ys (e.g., total income 
from tree products). 

Requires considerable understanding of the system in order to design surveys 
well. 

Correlations between variables cannot necessarily be explained. 
Development of sampling frames and sampling can be difficult. 

OTHER CONSIDERATIONS 

Evaluating environmental elTects. Agroforestry is often promoted to enhance or reduce 
environmental effects of land use. There are three basic strategies for evaluating environmental 
factors. First, many environmental effects are reflected directly on the farm through changes 
in economic production, such as crop yield increases from soil erosion control or windbreaks, 
or increased livestock productivity due to greater shade availability in pastures. 

Some environmental changes have economic effects on groups outside the farm. Examples 
include effects of better and more aesthetic habitat for wildlife on tourism or effects of soil 
erosion control uphill on sedimentation downstream. This situation can be handled in two basic 
ways: (1) Develop indirect estimates of economic costs and benefits occurring outside the 
system (to develop ways of internalizing them to the system through restrictions or subsidies). 
(2) Where external effects are speculative, they probably should be described qualitatively, and 
the project should be designed so that subsidies are not needed. 

Still other environmental changes have only intangible effects, that is, they cannot be measured. 
Examples are the value of biodiversity and roadside planting for aesthetic purposes. 

Discounting. Discounting is one of the most controversial elements in economic analysis. It 
gives a value to the cost of waiting some period of time before benefits are obtained from an 
initial investment of resources. 

Discounting is used for one of several purposes. 

It is used to evaluate adoptability, since farmers may not be willing to wait many years 
before receiving benefits from medium- to long-term rotational agroforestry systems. 

If there is a market for money used in agroforestry investments, then this needs to be 
reflected in the analysis. 

Where financial credit is offered, discounting allows evaluation of its best use. 
Where money has an income-earning potential, investment in an agroforestry project 

represents an opportunity foregone by the farmer (or development agency). 

The selection of the discount rate depends upon the analysis. Many options are possible. 

1. Where the farm manager's perspective is most important, we can use the "marginal rate of 
time preference of the individual" obtained by interviewing the farmer. It is common for a 
farmer's own discount rate to vary according to the type of investment (e.g., to be low for 
planting woodlots intended to provide for old age, medium for "savings account" tree planting 
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intended to pay school fees or unexpected medical bills, and high for alley-cropping intended 
to maintain current crop yields). 

2. Where capital will be borrowed by the farmer or the project from formal capital markets 
in order to invest in agroforestry, then the market rate of interest is appropriate (representing 
the real opportunity cost of capital). 

3. Where farmers do not have access to the formal capital market, there is usually an informal 
capital market locally, whose typical rates of interest can be used in the analysis. 

4. Projects being considered nationally or internationally may be evaluated by using the "social 
rate of discount, II which takes into account nationally perceived tradeoffs between current and 
future consumption. This approach could even result in use of a negative discount rate for 
investments considered critical for long-term national values. 

5. Another approach at the national level is to consider the real long-term rates of interest of 
all agriculture and forestry investments in the country (i.e., the opportunity cost of capital being 
spent in this sector). Agroforestry projects would reasonably be expected to perform at this 
level. 

6. Under some circumstances, it may not be appropriate to discount. Some researchers use 
steady state models for resource-conserving interventions, which assume a requirement to 
maintain the resource base, regardless of discounting. Where alternative investments are being 
compared, and neither involves a high initial investment nor large differences in the stream of 
costs and benefits over time, discounting may be unimportant. 

7. There may be some circumstances in which different discount rates may be used for 
different investments being compared, to simulate differences in long-term rates of return to 
capital in different . sectors, or to simulate different price trends in different sectors. 

Sensitivity analysis. In sensitivity analysis the analyst checks the results of economic analysis 
by considering the effects of changes in the value of key variables. Sensitivity analysis for all 
important assumptions is recommended in any type of agroforestry study, including cost-benefit 
analysis, budgeting, and modeling. High levels of farm-to-farm variability, uncertainties over 
time, and lack of solid data on input-output relationships mean that often the objective of 
economic analysis is to assess sensitivity rather than to calculate likely average returns. 

Evaluation of official records and farmers' experiences can suggest the range of variation that 
needs to be tested. Sensitivity may be reported either as the percentage change in income from 
a specified change in input, output, or price or as the "break-even" value where costs equal 
returns. 

Among the workshop papers, only half reported using sensitivity analysis. In most of these 
cases, only a few major assumptions were tested. 

General recommendations. This review of methods and models for agroforestry economics 
suggested a number of basic guidelines, briefly listed here. 

Rather than assume there is a "model" (average) farmer, economists should assume 
that there are major differences in the structure of costs/incomes/objectives for 
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different groups of farmers and reflect these differences by providing several 
economic models. 

Keep It Simple and Straightforward (KISS). Economic studies should be kept as 
transparent as possible. All key information needed by the reader to evaluate the 
situation should be provided. CBA analyses or other single-indicator approaches 
should not be left to stand on their own without presenting the actual stream of costs 
and benefits and the basic contextual information about farm income structure. 

All economic analyses of agroforestry need to take into account dynamic processes that 
are changing the agricultural economy, processes such as long-term trends in relative 
prices, land availability, population densities, market access, and household 
consumption patterns. These can critically affect the feasibility and viability of 
agroforestry practices over time and invalidate even very elegant studies which 
assume static conditions. 

As indicated earlier, each type of economic analysis provides certain types of 
information. In almost all cases, economists should combine several different 
methods to obtain an accurate picture of economic performance and potential. 

63 



KEY QUESTIONS FOR THE FU1URE 

by 

Paul Starr and Kjell A. Christophersen 

INTRODUCTION 

To help clarify the goals of the workshop and set "it on an appropriate course, participants met 
in small groups to discuss six common questions. The questions were intended to help the 
participants identify the different needs and uses of financial and economic information on the 
part of different client groups and to illuminate the opportunities and constraints of different 
research methods. 

Discussions of each question were relevant to other questio~ addressed in the workshop. The 
initial discussions helped the participants become more familiar with the variety and complexity 
of agroforestry systems and the current lack of quality field data on some basic issues. 

The deliberations of the discussion groups successfully identified many issues o( common 
concern that were addressed during the remainder of the w6rkshop. They also contributed ~Q _ 

the ongoing effort to develop a comparative framework- to facilitate the assessment of past 
research, work in progress, and the refmement of remaining issues. . 

QUESTION 1. What are the main types of questions that policymakers/donors, extensionists, 
farmers, and researchers are asking, or should be asking, about the economics of 
agroforestry? 

Each of the discussion groups noted that the different parties concerned with or interested in 
agroforestry tended to have some of the same questions, but each also had specific concerns. 
Accordingly, there were conflicting views concerning the priority of some questions and the use 
of resources to examine them. Researchers were seen as generally interested in the widest 
range of questions, which, in turn, depended on who was the audience for their research or who 
was the particular client or fonder of their work. The most common question shared by 
different users of economic research concerned the profitability of agroforestry (AF) systems. 
In short, do AF systems pay? If profitability is established, under what conditions do the 
systems function best and how may profits be maximized? The questions posed by the different 
groups tend to cluster differently, depending on the specific nature of a project proposed or in 
progress, as well as on the past experience with AF in a particular region. 

The complementary interests among various users of research in AF economics is uncommon. 
Misunderstandings about the nature of economics research in general and its applications in 
specific AF efforts is common. Even under the best of circumstances, the interests of clients 
are seldom identica~ and questions which are important for one may not be seen as useful to 
others. "Sustainability," for example, can be interpreted very differently and mean different 
things to biologists, social scientists, and policymakers. In addition, "good" or "bad" answers to 
the questions posed may also vary according to the perspective and needs of the groups 
involved. Biological scientists, for example, may use a much longer time frame in assessing the 
value of an effort than most bureaucrats or policymakers who are constrained by the need to 
produce "results" within a few years. The latter groups may also be under considerable pressure 

64 



to follow or give the appearance of following the ideologies imposed by current national 
leaders. A noteworthy gap frequently exists between policymakers/donors and farmers. 
Policymakers/donors often regard the farmers as a vague "target" to do something to. The 
practical, technical problems of the farmer may be seen as of little consequence, as "details," 
or as someone else's problem. Although the discussion groups indicated some overlap among 
the parties involved in AF efforts in the types of questions that they tend to pose, differences 
among the user groups continue to be manifest and promise to be continually present in 
economics research in AF. Economists are commonly "caught in the middle" in disputes 
between client groups about what kind of economic studies are needed and should be pursued. 
Questions about AF economics tended to cluster in the following manner. 

For policymakers/donors: 

Will the investment in AF pay? 
How will the investment rate change given changes in macro-level conditions in a given 

country? 
Is a project or program sustainable as a form of development in biological as well as 

economic terms? 
Does the project fit into a national development plan or into donor agency interests? 
What time horizons for investments and outputs are involved? 
What risks or uncertainties are involved in an AF program? 
What would be the most probable pattern of the distribution of benefits in a society? 
What environmental effects does or might an intervention produce? 
How would an AF program affect policies and practices concerning demographic 

growth or change, migration, food, land tenure, forest and forage resources, foreign 
exchange, wealth distribution, human capital, and international relations? 

What is the number of people affected and in what ways are they affected? 
How can such a program be monitored and evaluated? 

For extensionists: 

Are there adequate funds or other resources to implement an AF program? 
What incentives are there for extensionists to implement AF in their region? 
What particular methods and packages are available or can be developed in order to 

implement AF? 
What time frame is involved in the reaping of rewards? 
Are short-term payoffs possible to show the effects of the investment in AF and 

encourage farmer participation? 
Are payoffs readily apparent and easily understood? 
How does the new system differ from the farmer's existing practice or system in terms 

of cash, land, and labor investments? 

For farmers: 

What rewards will the new system deliver? 
Who are the beneficiaries of the new system? 
How long will it take before the outputs begin? 
What new resources will be required and where will they come from? 
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How can farmers fit the new methods and plants into existing systems while lessening 
risk? 

What is the market potential for the products? 

For researcbers: 

How can processing add value to the products? 
What types of processed materials are the most desirable? 
Can "purely" environmental interventions be made economically viable? 
What are budget and time constraints and opportunity costs for AF systems? 
What risk and uncertainty factors are involved? 
What skills are involved in managing an AF system? 
What are the costs of alternative extension programs? 
What are the positive and negative externalities? 
How can biological and economic research be integrated into AF research? 

QUESTION 2. Wbat are tbe theoretical/methodological challenges of applying an economic 
or financial analysis to agroforestry? 

The discussion groups recognized that the selection of methods depends on the objectives of 
the research and the context in which it is conducted. Methods vary greatly, depending on the 
size of the units involved, the time frame, the accessibility of the data sources, the nature of 
existing data, if any, and the nature of the assumptions made. Data coUection methodologies 
are very complicated because of the large number of variables involved, such as those 
concerning the varying life span of the trees and plants in a product mix. 

The groups identified as challenges the need to build in a monitoring system to improve the a
ante analysis of a project or effort, to incorporate ways of better examining risks and 
uncertainties, and to work to improve the valuation of indirect and direct efforts. Conventional 
methods are generally seen as requiring modification and improvement. Efforts to model AF 
complexity may become mathematically untenable. Some analyses, such as cost-benefit analysis, 
easily lose validity where minor changes in AF system design are made. Incorporating different 
growth and harvest cycles in system operation and management was also a serious challenge. 
Economic models were described as inefficient in approximating farmers' efforts to ·optimize" 
overall land use. The need for improved methods to assess sustainability and risk assessment 
was identified. Improvements were needed in the overly simplistic and inadequate "checklist" 
or "yes or no" approaches to farm decision making. 

A more effective use of qualitative methods which involved farmers in data coUection, analysis, 
and decision making was articulated. Some computer methods required too specific or overly 
complex data sets, which led to results characterized by "spurious precision." The value of local 
knowledge needs increased recognition and use by outside researchers. Some studies 
prematurely identified variables and overlooked important factors. Preliminary research should 
be a standard feature of economic surveys. 

The major challenges of applying economic or fmancial analysis to agroforestry are neither 
methodological nor the development of new theories to replace the old ones. Although 
traditional theories could benefit from theoretical improvements to account for the high 
variability in agroforestry systems over long time periods, they cannot be replaced entirely. The 
challenges are for the analysts to be more rigorous in their work, in how they develop and 
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document assumptions, in how they select technical alternatives for economic and fmancial 
analyses, and in how they interpret the results for decision makers. Cost-benefit analysis and 
discounting are not ill-conceived methodologies when applied to agroforestry systems regardless 
of how complex or variable those systems may be. The burden is on the analysts to improve 
the methods for dealing with a complex subject matter. It should also be emphasized that 
computers facilitate detailed economic modeling of agroforestry systems. Analysts should be 
able to develop models that capture many of the complexities and variability of agroforestry 
systems. 

QUESTION 3. What are the practical constraints to implementing standard methods of 
economic and financial analyses to agroforestry? 

One major obstacle to applying standard methods of economic and fmancial analyses to 
agroforestry problems is the lack of interdisciplinary collaboration. There often are conflicting 
objective functions that cannot be simultaneously optimized. It is the exception rather than the 
rule for interdisciplinary teams to work well together and collaboratively develop realistic 
technical alternatives that reflect local field constraints and opportunities. A second major 
obstacle is the pressure to legitimize projects that may be politically favored by manipulating 
costs and benefits, even though projects may be economically inefficient. Because of these 
problems, economics has earned a reputation of irrelevancy in view of the gaps between ex-ante 
results (always feasible) and ex-post results (rarely feasible) giving (justifiable) reason to 
mistrust any ex-ante analysis. 

Awareness of these two obstacles gives a point of reference for action. One obvious and 
relatively low-cost solution is to be particularly careful in planning project and program design 
teams and in preparing their respective scopes of work. The teams should be composed of 
experienced people favorably disposed to work in an interdisciplinary context. Before the field 
assignments begin, the teams should meet and reach an understanding on the collaborative 
nature of the work, which should also be explicitly reflected in the scope of work. 

Another relatively low-cost solution is to foster change in the decision-making process away 
from decisions based only on NPVs or IRRs as the bottom line, toward consideration of 
projects and programs with lower rates of return where many benefits (and costs) have been 
excluded from the analytical spreadsheets because they were too difficult or too costly to 
quantify. 

In brief, specific constraints to the use of conventional methods identified by the discussion 
groups also included: 

• conflicting objectives during interdisciplinary research 
• the large number of variables required in AF research, which made modeling and 

predictions difficult; 
• a lack of available data, including technical coefficients; 
• the need for long-term studies; 
• the short and shortening time horizons of funding agencies; 
• the lack of donor investment for sufficient analyses; 
• instability in donor agency or government policies; 
• the difficulty in gaining data from trials that fit the needs of economic analysis; 
• the lack of familiarity among economists of biological and/or sociological factors 

in AF research and of noneconomists of economic factors; 
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• the fact that some organizations have anti-economic and anti-academic biases; 
• the lack of economic data collected in the field; and 
• the conflict of goals concerning the improvement of subsistence farming versus 

commercial production. 

Finally, the issue of importance is not whether the standard methodologies are inadequate. 
How well they are used and who uses them are more important issues to consider. How 
analysts carry out their tasks can be improved. If they develop and document assumptions with 
meticulous care, practice analytical integrity, and collaborate with other professionals, the 
analytical results will be more credible. Further, if donors and host countries agree to 
monitoring projects as they are implemented to generate reliable data bases that can be used 
in ex-ante designs, the credibility of the analytical results will increase. 

QUESTION 4. How can information on agroforestry economics be disseminated or obtained? 

This issue deals with how information on agroforestry economics should be disseminated, to 
whom, or where it can be obtained. There is no agroforestry economics journal to provide a 
focal point. There are many publications, newsletters, and other information sources published 
on a fairly regular basis that deal to some extent with agroforestry but do not specialize in 
agroforestry economics. 

As emphasized by the workshop participants, different kinds of agroforestry economics 
information should be disseminated to different target audiences. Probably most important is 
to disseminate methodological "how-to" agroforestry economics information to field people 
(extension workers, project people) who work daily with farmers to extend some package of 
agroforestry interventions to local farmers. Field people need the ability to determine whether 
the proposed interventions (i.e., step-by-step guidelines for people who only have a hand 
calculator, pencil, and paper) will make fmancial sense to the farmers. A second target 
audience is researchers who plan and carry out different agroforestry experiments. They tend 
not to be economists, but they need to acquire an appreciation for economics, both ·in terms 
of understanding economic principles and in the basic methods. A third target audience is 
economists who need to stay abreast of theoretical advancements. 

Dissemination of information on particular topics is an important issue. Everyone wants to 
keep informed, but time is scarce. Information is available through many forms mentioned in 
the plenary report: CATIE, FAO, ICRAF, NFrA, F/FRED, various newsletters, and others. 
Information is widely scattered and cannot be found easily. Agroforestry economics needs a 
focal poillt (a project, institution, or organization) that provides analysts with (a) up-to-date 
information on agroforestry economics, (b) annotated bibliographies of publications, (c) 
unpublished economics work or data generated through projects, and (d) a regular agroforestry 
economics newsletter to which organizations and individuals can subscribe. The newsletter 
should provide information on data, analytical approaches, analyses, and announcements of 
training courses. A second, and equally important, element is the provision of short-term 
training for key host country personnel, NGOs, and other interested organizations or individuals 
in the economics of agroforestry. USAID or other donors are well advised to fund such an 
effort. 
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QUESTION 5. What types of training should be provided for extension project personnel and 
researchers? 

Workshop participants agreed that basic economics training for noneconomist extension project 
personne~ researchers, and host country project/program planners is essential. The training 
should foster interdisciplinary collaboration among sociologists, foresters, agronomists, 
economists, and other relevant professionals in the planning and implementation of agroforestry 
projects or programs. The role of economics in this context is to be a "common denominator" 
tool to express the results of project analyses after incorporation of all interdisciplinary concerns 
into the technical alternatives subjected to analysis. In this sense, economic and financial results 
provide information on the relative attractiveness among several technical alternatives where 
each alternative reflects different social, institutional, and environmental implications of the 
project. 

The training must necessarily be in the form of key, field-oriented, short courses for field 
management personnel (project managers, etc.). Participants are likely to be professional 
people fully occupied in their jobs and not available for long-term training. Short training 
courses not exceeding three weeks (of which at least one week should be field work or case 
studies) are recommended. Complex technical matters cannot be covered in shorter courses, 
and longer courses will often fail to attract the appropriate personnel (participants may be those 
just starting their careers or those close to retirement). 

The recommended three-week short course should provide basic and field-oriented economics 
training to improve participants' abilities to develop and implement agroforestry projects in 
their countries. At the end of the training session, trainees should achieve the following 
objectives: 

Reviewed basic economic principles or economic theory highly pertinent to project 
formulation. 

Apply the principles of capital theory-the importance of considering the time factor 
in agroforestry projects. 

Be able to develop analytical base cases including justification of assumptions and 
specification of ranges of management alternatives (why several alternatives [not just 
one] are important for planners to determine the economic trade-offs between 
alternatives). Equal attention should be given to social, institutional, and 
environmental objectives in the specification of alternatives. 

Be able to carry out economic and financial analyses using the most common economic 
and fmancial investment analysis techniques (NPV, B/C, IRR, and SEV). 

Be able to carry out sensitivity analyses to determine how sensitive the results are to 
changes in the assumptions. 

The course should be hands-on and include a mix of interactive classroom sessions and field 
case studies. The case studies should emphasize the application of all materials taught during 
the first part of the course to actual field situations. 

Economics training for decision and policy makers and for AID project managers should be 
shorter (two weeks or less), to provide overall training in the economics of agroforestry-for 
example, how it fits with the national development plans, and how and to what extent 
agroforestry will contribute to the economic well-being of the country. The emphasis should 
be on (a) raising the awareness of the importance of economic and fmancial analyses, (b) 
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understanding the importance of discounting, (c) understanding the importance of reliable data, 
and (d) interpreting and using analytical results in the decision-making process. 

Economics training for extension personnel could be one-week-Iong workshops on the kinds of 
data to collect, the development of data collection forms, and on methods for collecting 
information. 

QUESTION 6. Where can methods be improved? 

Participants were asked to consider five interrelated topics where methodological improvements 
are needed: project evaluation; intertemporal dynamic analysis; analysis of complex, existing 
agroforestry systems; comparative analysis of different agroforestry and non-agroforestry 
systems; and bio-economic modeling. 

Project evaluation. The evaluation of projects and programs is usually mandated for 
activities funded by donors. The purpose of the evaluation is to measure the extent to which 
targets specified during the design phase, for which funds were committed, were reached during 
the implementation phase. Ideally, evaluation (ex-post) results should feed into ex-ante designs 
of new and similar projects or programs. If targets were not reached according to the blueprint 
designs, the evaluation should provide information to improve the design of (and expectation 
from) similar activities. 

The important message is that evaluations are not used adequately. The information is not 
routinely infused into the design of new projects and programs. The same ex-ante mistakes are 
made (Le., preparing blueprints of field activities and expecting farmers to implement exactly 
as prescribed). It is the exception when farmers implement according to the blueprint. 
Typically, farmers implement in the context of their own, usually limited, experience. The 
blueprint design is rarely followed exactly, and the results fall short of expectations. Ex-post 
results tend to be less positive than the results anticipated during the design phase. These gaps 
between ex-ante and ex-post results oUght to be narrowed. The solution to this problem is 
training. Project evaluators and designers must be conscious of these gaps and make 
adjustments in their assumptions to reflect implementation imperfections. 

Intertemporal dynamic analysis. This is usually handled with the standard tools of 
cost-benefit analysis and discounting. These tools are essential, yet often seen as inadequate 
and of limited value when dealing with complex agroforestry systems. The question is not so 
much the inadequacies of cost-benefit analysis and discounting but rather how the application 
of these tools can be improved. As mentioned elsewhere in this overview, there is room to 
improve the way analysts prepare data cases on which investment decisions are made. All 
assumptions must be carefully derived, be well documented, and reflect field opportunities and 
constraints. The more rigorous the analyst is in preparing and documenting all aspects of the 
proposed agroforestry activities, the more reliable will be the results. Training is the best way 
to assure improvement in the application of cost-benefit analysis and discounting. 

Economic and financial analyses of complex existing agroforestry systems and 
comparative analysis of agroforestry and non-agroforestry systems. The arguments for 
analysts to be more rigorous also apply to these two topics. The tools of economic and 
financial analyses are generic and equally applicable in Africa, Latin America, and Asia. It 
makes little difference where projects are situated or how complex they are; analysts must still 
address the basic questions of what to do, how to do it, and when to do it. They must 
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determine costs for each component of the project and estimate benefits-the building blocks 
of project design. In this process, they are faced with a maze of sociological, cultural, 
environmental, and economic uncertainties, as well as major gaps in data. Failure to consider 
these complexities has resulted in simplistic cost-benefit calculations that fail to capture the 
differences in goals and motivations of local participants. The importance of understanding the 
local perspective and incorporating this understanding into the analytical assumptions is basic 
to complex agroforestry economic and financial analyses. Planning and analyses must be richer 
both quantitatively and qualitatively. 

Non-agroforestry systems (either agriculture or forestry) are easier to analyze because of a 
richer data base and known farmer preferences and socioeconomic constraints. Farmers know 
their farms, their production potential, which crops to grow, and when and how much they can 
expect to harvest. They perceive new ways of doing things as risky. Agroforestry as proposed 
by "outside experts" is a new and unproven activity perceived by many subsistence-level farmers 
to be risky; that is, they may lose too much cultivatable area to trees. The burden is on the 
experts (analysts) to prove to farmers that agroforestry is financially feasible. It is particularly 
important for analysts to identify and understand where, under which conditions, when, and how 
farmers will embrace new and different agroforestry schemes. 

Bio-economic modeling. Bio-economic modeling efforts should continue and receive 
additional funding to provide data on crop and wood yields. The results are equations 
predicting yield responses to different levels of management intensity under different 
agroforestry configurations. As more equations predicting crop and yield responses under 
different situations and circumstances are proven, the better will be the economic and financial 
analyses. Information on quantities produced (crop and wood yields) is usually the weakest link 
in any economic and financial analyses of agroforestry systems. The data are not available. 
Instead, analysts use the next best approach--creating yield functions based on the best available 
information. This information may be a single data point, knowledge of theory that yield 
functions are supposed to behave certain ways, or data obtained through interviews with key 
individuals familiar with the production potential of the sites. Obviously, use of documented 
yield functions in the economic and fmandal analyses is preferable. 

A word of caution is in order. First, bio-economic modeling efforts should generate data from 
field trials with all of the constraints and implementation problems likely to occur in a field 
context. Results obtained through controlled research experiments are less realistic and would 
not be applicable unless expectations are substantially discounted. Second, modeling efforts are 
not always accepted because (a) many people think models have no value since they cannot 
capture site specific situations, (b) people who do not use models rarely appreciate their 
usefulness, and (c) people who believe in models are reluctant to use models created by others 
unless there is a way to control how the variables interact. The model should not be the end 
product. It should be used as a way to encourage users to experiment with and sort out 
functional relationships to make the model applicable to site specific situations. 
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1. ECONOMICS OF AGROFORESTRY SYSTEMS 

Abstract. Economic analysis requires careful analysis of priorities of the target 
audience in order to identify appropriate indicators, types of analysis, and 
hence data requirements. Agroforestry technology development requires a 
systematic, interdisciplinary and farmer·driven approach. Future priorities for 
economic analysis identified are understanding and quantifying farmers' 
dynamic management and exploitation of agroforestry systems, determining 
short· and long·term impacts and implications of agroforestry in environments 
of differing potentials, and defining relevant indicators and refming cost· 
effective methods to describe, explain, and predict agroforestry impacts, 
adoption potential, and sustainability. 

Key words: research process, verifiable indicators, strategic priorities 

INTRODUCTION 

The objective of any research and development effort is to improve the efficiency and 
productivity of the basic resources used in the production process, either at the level of the 
farm, region or for the entire agricultural sector. Consequently it is necessary to evaluate the 
management and performance of existing production systems as well as recommended 
improvements in order to determine the benefits obtained, sacrifices made, and the full 
implications of proposed changes. The consideration of socioeconomic factors, together with 
the biophysical factors within the context of a farming system, provides a logical framework so 
that technological alternatives can be assessed to determine their behavior, productivity, and 
sustainability. 

Agroforestry has been defined as a land-use system in which trees and shrubs interact, 
ecologically and economically, in a significant manner with crops and/or animals (Lundgren 
1982). Agroforestry has attracted considerable attention from the scientific and development 
community as a very promising technology because (1) farmers are accustomed to practicing 
some forms of it, (2) it can address a rather wide range of household needs, and (3) it has a 
definite potential for smallholder farming systems from the perspective of sustainable resource 
management. 

Although the science of agroforestry is not well developed today, several international and 
national organizations are undertaking research to develop a better empirical understanding of 
the biophysical and socioeconomic processes and principles involved (ICRAF 1990). In this 
regard, the economic analysis of agroforestry systems is a high priority and challenging area of 
research. It is high priority because the potential impact and adoption of agroforestry depend 
on the appraisal of its true value for farmers, development professionals, and national policy
makers. It is challenging because agroforestry is a complex technology; it has many 
components, each with different developmental cycles, multiple interactions, variable 
management over time, tangible and intangible outputs, and strong interaction with the socio· 
political environment (Arnold 1987; Jickling 1989; Nair 1990). 
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Thus the topic of this workshop is timely. To start this interaction moving in the desired 
direction, the objectives of this paper are to (1) provide a basic framework for economic 
analysis of agroforestry, (2) identify key questions, issues and priorities for economic research, 
and in the process, and (3) discuss selected implications for the development and adoption of 
agroforestry systems. The primary focus of the paper is on determining the context, impact, 
and adoption potential of agroforestry technologies. 

FRAMEWORK FOR ECONOMIC EVALUATION 

Effective evaluation must start with a clear understanding of the objectives and priorities of 
those who are responsible for making decisions. The translation of these objectives into 
appropriate verifiable indicators provides the basic guidelines for data collection, analysis, and 
interpretation of results with relevant methods, tools, and time frames. Some important target 
audiences for economic evaluation of agroforestry are (ICRAF 1990): 

Farmers/households: These manage production systems to earn their livelihoods, usually have 
some experience with agroforestry and use of multipurpose trees and shrubs (MPT), and have 
a vested interest in improving land use, if and only if proposed alternatives are more attractive 
than present practices and can easily fit in their farming systems. 

Development/extension agents: Mainly employed by government extension services and 
increasingly in nongovernmental and private volunteer organizations, these are professionals 
with interest in agricultural and rural development. They are keen on agroforestry options that 
are technically feasible, socially acceptable, and also environmentally sound. 

Scientists/educators: These work in a wide range of institutions; for example, national and 
international agricultural, livestock, and forestry research and educational departments in 
developed and developing countries. Their research work mainly aims to develop and improve 
the science of agroforestry. 

Government pollcymakers and leaders: They are interested in achieving national and regional 
development goals which relate to agricultural productivity, income and foreign exchange 
generation, nutrition and food security, gainful employment, etc. They are responsible for 
allocating resources to research and development efforts, including agroforestry, among many 
competing urgent demands. 

Donors: Multi- and bilateral agencies and private foundations promote and support 
international and national research because of their desire to achieve rapid and widespread 
impact on the sustainable production of food and other basic commodities in the less developed 
world. Their support to research is mainly perceived as a means to achieve developmental 
goals. 

Although the economic evaluation priorities for each of these target audiences are not mutually 
exclusive, their individual perspectives and needs do influence the specific focus and procedures 
of evaluation; for example, whether the emphasis should be on macro, micro, short or long
term analysis, economic efficiency, or equity considerations. It is essential for projects, if they 
are to be successful and sustainable, to define their priorities in a dynamic, iterative manner in 
terms of addressing basic needs of these target audiences. However, one crucial premise in this 
paper is that the logical underpinning for the economic evaluation of any technology begins with 
an understanding of its potential relevance, impact, and implications at the household/farming 

78 



system level. From this basis, the analysis can then proceed to lower or higher levels in the 
hierarchy, such as the plot or ecoregion, respectively. 

A farming system in the tropical and sUbtropical regions of the world usually comprises the 
household, production systems (crop, livestock, trees, etc.), and other activities on- and off-farm 
(Collinson 1987). The household subsystem provides purpose and organization to the multiple 
production subsystems, specifically on decisions related to establishing priorities, allocating 
resources, managing production, implementing activities, and utilizing and distributing outputs 
of the system. Furthermore, it is the household which organizes and manages all relationships 
of the farming system with the external environment. Thus the household is the basic unit of 
social organization, production, and consumption (Ellis 1988). 

The first step is to understand the goals, objectives, and priorities of the household. Generally 
speaking, goals deal with physical and psychological needs, and these can be summarized as 
security of basic needs (i.e., food, clothing, and shelter), generation of income and favorable 
cash flow (to pay for production inputs, school fees, medical services), conservation and increase 
of the resource base (e.g., land, infrastructure, livestock, educated children), recreation and 
leisure (e.g., entertainment, meditation), and recognition and acceptance in the community (e.g., 
nice farm, good house, contribution to village causes, local leader). The major difference 
between large and small farmers is mainly due to the relative degree of satisfaction, 
felt/perceived need, and the degree of flexibility or buffering capacity of the household to deal 
with each goal. There usually are differences among members of a household, and these need 
to be understood in order to determine their priorities and trade-offs. For example, the 
objective of food security of some members (i.e., producing enough beans, maize, and cassava) 
may compete with that of cash generation for other members (i.e., buy more land and animals, 
pay for children's school fees) . 

To achieve its objectives, the household employs resources (i.e., land, labor, capital, and 
management) .. Each resource can be described in terms of quantity, quality, and suitability, 
which depend on location, timing, and/or source. For example, any plot of land is not the same 
in terms of how and when it can be used. The quantity and quality of labor depend on the 
member of the household (e.g., mature male, young female, or elder person) performing tasks, 
which are influenced by traditional customs regarding gender/age duties. Capital includes 
investments (i.e., infrastructure, equipment, tools, animals) and operational capital (i.e., cash 
in hand, savings, off-farm employment). Management is the ability to make informed decisions, 
to monitor and evaluate success or failures, and to learn from such experience. This capacity 
may be correlated with age, education, experience, and/or attitudes and objectives of the 
manager(s). 

A farming system has production enterprises and other activities: crops, livestock, trees, 
processing activities, off-farm employment, etc. For a resource-limited farming system, these 
enterprises or activities are managed and implemented in a mixed and interactive manner. The 
mixture is such because the household has to diversify, spread/reduce the risks, and use scarce 
resources in the most rewarding options to achieve its multiple priorities. This makes 
enterprise analysis difficult, if not impossible. For this reason, it is essential to understand how 
farmers organize, allocate resources, and manage all their activities to begin to defme an 
appropriate framework for economic analysis. For agroforestry, the criteria of land use are 
relevant to analyze crop, livestock, tree management, and their ecological and economic 
interactions. 
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It is in the context of the household and its farming system that a new technology has to be 
assessed to determine its potential for adoption by farmers. Specifica1ly, the basic questions to 
ask is whether the technology will make better use of the resources available and is feasible in 
terms of timing and management requirements, and whether there are any serious risks farmers 
will have to face. Because the answers depend very much on the specific situation of the 
farming/household system during a specified period, in fact each system is unique, economic 
analysis is location- and time-specific. For this reason, extrapolation or prediction of economic 
research findings over a range of ecoregions, farming systems, or over time requires careful 
application of special measurement and analytical tools. In their desire to develop technologies 
with the widest possible application, researchers have developed methods to combine different 
types of homogeneous farming systems which offer special characteristics that are appropriate 
for particular technologies. This concept of research or recommendation domains also can be 
applied to agroforestry technologies. 

AGROFORESTRY RESEARCH PROCESS AND STRATEGIC ECONOMIC QUESTIONS 

ICRAF has evolved a conceptual framework of the research process that uses a systems 
perspective with an interdisciplinary approach (ICRAF 1990). The basic objective of 
agroforestry research is to develop technologies to solve farmers' problems in priority land-use 
systems, which can be defmed either at the ecozone, farm, or plot levels. In this context, the 
design of agroforestry technologies is the pivotal step in the research process (Figure 1). An 
agroforestry technology should be specified at least in its principal components: MPT species, 
spatial arrangement, management regimes (i.e., management of the tree and associated 
components) and performance levels (i.e., biophysical and socioeconomic criteria). 

The research process begins with the macro diagnosis and design (D&D) of an ecozone, 
followed by a more detailed D&D per type of land-use system, in order to: 

- Assess agricultural policy, institutional environment, land-use system 
developments; 

- Identify household priorities, land-use system constraints, and agroforestry 
alternatives; 

- Defme research priorities and programs for technology development, 
including on-farm and on-station research; 
Define extension priorities and programs that can immediately start to 
benefit farmers; 

- Identify institutional collaboration needed to implement proposed research, 
extension, or training activities. 

Component experimentation (i.e., the trial program) assesses the technical potentials of MPTs 
through general screening, technology specific screening, and management trials. These are 
usually done on stations with robust statistical designs, but they could be done on farmers' 
fields, particularly when existing agroecological conditions of experiment stations are not 
representative of those of the target households and their farming systems. A state-of-art 
review is essential to avoid wasting resources and time and to link directly into technology 
design and component experimentation phases. 

A proper specification of the technology in the design phase defines the particular set of 
assumptions and hypotheses for testing/validation under farmers' conditions and management. 
In this phase, adaptations and refinements of preliminary technology designs and components 
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are made on the basis of households' revealed preferences, available farm resources, and 
required infrastructural services or support. In the fmal analysis, technologies must fit in the 
local farming systems, and the ultimate test of its appropriateness is that the target farmers 
should be experimenting, improving, and using some elements of such technologies. Subsequent 
monitoring and evaluation of agroforestry technologies in wide-scale dissemination programs 
with extension agencies should also provide useful feedback into the research process. 
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Macro 
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and 
design 
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of 

validated 
technologies 
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agencies, etc. 

Production 

Systems 
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diagnosis 

and 
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Figure 1. Agroforestry research and development process. 
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All these phases constitute the agroforestry technology development process. It is a dynamic 
and interactive process which requires an effective interaction among biological and social 
scientists in each phase. It is also essential to promote effective interaction among scientists, 
farmers, extensionists, and even development planners/policymakers, as key sources of relevant 
information and decision-makers in the research process. 

What is the role of economic analysis in this process? Stated simply, four fundamental 
economic questions should be addressed: What is the context for specific agroforestry systems? 
Does agroforestry pay? Is it manageable and risky? Is it adoptable? (Hoekstra 1986, 1987; 
Hosier 1987; Byerkee and Tripp 1988; Harou 1983; Thomas 1990; Vergara 1982). To answer 
such questions for agroforestry, one must analyze some substantive factors and issues at 
different levels in an integrated manner (Table 1). This would involve analysis of socio
economic processes at the levels of the ecoregion or community, farming system or household, 
and plot or enterprise. Let us look at each of these basic questions in some detail. 

Question 1. Context of agroforestry. The evolutionary development of agricultural systems has 
progressed from low to high land and labor use intensity, mainly driven by increasing human 
population (Boserup 1981). In tropical environments, severe land-use pressure can lead to 
overexploitation of the basic resources, deforestation, and unsustainable agricultural systems 
(Sanchez et ale 1990). Furthermore, if one also incorporates in this evolutionary process the 
dynamic and synergistic roles that animals and trees can play in the farmers' management 
strategies, as the production systems become more intensive, only then can one fully appreciate 
the real potential of a wide range of agroforestry options. 

Other important variables in understanding this context are national economic and agricultural 
development plans and priorities, institutional services and priorities (extension, credit, 
transport), and input and output market forces (access, prices, and subsidies) as they affect 
regional and farm level decisions. The long-term nature of agroforestry requires trend analysis 
of these key variables to assess the possible advantages and disadvantages of specific 
agroforestry directions. Experience clearly demonstrates how important these are in motivating 
farmers to expand and sustain tree planting and agroforestry activities on their farms (Budd et 
ale 1990; Cook and Grut undated; Kerkhof 1990; Hosier 1987; Tschinkel 1987). 

The self-perceived needs and priorities of households and communities are the essential starting 
point of any analysis to defme effective entry points for agrofo~estry. Often it is extremely 
difficult to obtain a clear reading of such preferences by simply interviewing farmers. A more 
effective approach is to analyze what farmers are doing with trees. Evidence abounds showing 
that in the developing world agroforestry practices are quite ubiquitous, irrespective of agro
ecological and socioeconomic environments. However, there is a very wide range of tree 
species, arrangement and management patterns, and derived outputs. Much would be learned 
by studying the economic rationale, inputs, and benefits associated with farmer-developed 
practices. It is always easier to improve existing systems than to invent new ones. 
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Table 1. Strategic priorities ror socio-ec:onomic research at dilTerent interrelated levels or 
analysis. 

Farming 
Ecoregion/ system/ Plot/ 

Key questions/variables community household enterprise 

What is the context? 
- Land and labor use intensity x x x 
- Development plans/priorities x x 
- Market forces and incentives x x 
- Felt needs and priorities x x 
- Existing agroforestry and MPTs x x x 

Does it work/pay? 
- Net returns to limiting resources: 

land, labor, cash, management x x x 
- Opportunity costs of inputs and 

outputs x x x 
- Short- and long-term tangible and 

intangible benefits x x x 

Is it manageable? Risky? 
- Decision-making strategies and 

criteria x x x 
- Ethnic/gender/age issues x x x 
- Resource use timing, competition, 

and flexibility x x 
- Effect of seasonal, management, 

and market changes x x 

Is it adoptable on a large scale? 
- Recommendation domains x x x 
- Service and infrastructural 

support x x 
- Policy issues, e.g., land and tree 

tenure, regulations, pricing x x x 
- Equity and distribution x x 
• Resource conservation x x 
- Linkages among research/ 

extension/farmers x x 

Matching farmers' priorities with agroforestry options, some already practiced, taking into 
account the contextual variables mentioned above, is one of the key contributions of economic 
analysis at this critical juncture (Table 2). Some of the basic problems are related to food, 
fodder, soil fertility and erosion, poles and timber, protection and demarcation, fuelwood, 
aesthetic value, medicines, etc. Each can be addressed by several technologies: Are these 
hypotheses, or proven? Are these matchings affected by agroecological, farming system factors? 
How do we ensure that farmers do agree with these matchings? On which nonagroforestry 
options should comparisons be done: the traditional or improved production systems without 
trees? 
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Table 2. Matching farmers' problems with agroforestry solutions. 

Protection 
Soil Soil Fuel- Poles/ demar- Aesthetic 

Agroforestry technology Food Fodder fertility erosion wood timber cation Medicines value 

Hedgerow intemopping x x x x 
Improved fallow x x x x 
Mixed intemopping x x x x x 
Fodder banks x x 
Uving fence x x x x x 
Trees on bunds x x x x 
Trees with pasture x x x x x 
Homegarden x x x x x x x 
Woodlot x x x 
Boundary planting x x x x x 
Shelterbelt x x x 
Windbreak x x 

Non-agroforestry x x x x x x x x 

These problem/technology matching questions are fundamental because they initiate the 
technology design process. It constitutes also the basic framework that should guide the review 
of secondary scientific information to design improved or new agroforestry alternatives to 
address basic land-use system problems. 

Question 2. Profitability of agroforestry. Economic evaluation is about making choices among 
options competing for scarce resources (Hoekstra 1986; Davis 1989; Harou 1983; Ngambeki 
1985; Hosier 1987; Weaver 1989). One of the options is always what the farmers are currently 
doing. This means that the basic task here is to generate input and output coefficients for 
specific operations, carefully documenting variation across farms and over climatic seasons. To 
achieve this objective, it is essential to test technologies under local conditions, hence the value 
of on-farm research which allows continuous interaction with farmers and careful monitoring 
of key operations. 

Key variables to focus on are the full range of inputs and outputs of the technology, tangible 
and intangible. The main inputs are land, labor, locally produced inputs, externally procured 
inputs, and time to manage operations. A technology with low cash cost and judicious use of 
labor is likely to have a greater attraction for small farmers. The direct outputs can be fuel, 
poles, timber, fodder, soil fertility/crop yield, fruits, medicines, oil/wax/tannins, etc.; and the 
indirect ones, physical protection (against sun, wind, animals, or thieves), soil conservation 
(erosion control, dune fIXation, etc.), land reclamation, live staking for creeper plants, 
ornamentation, aesthetic benefit, etc. These outputs are either used as inputs for value-adding 
activities, consumed by the household, bartered, or sold for income generation. All inputs and 
outputs have an economic value. If they are difficult to quantify, it does not mean that they 
should be forgotten. For example, intangible benefits (i.e., effect on soil erosion, environment, 
or women) can be qualitatively valued and used weighted with other criteria to make a 
recommendation for decision making. 

The economic valuation of inputs and outputs is based on the concept of opportunity cost, 
which states that any resource has a real value equivalent to the return in its best alternative 
option; for a product, conversely, the value is what has to be paid or sacrificed to have it, called 
a shadow price. It is important to determine the real values of inputs and outputs at the field 
or farm gate. If markets are well developed, farmers will respond to market prices, which 
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means that one must analyze price trends within a year and over years from the major inputs 
and outputs affected by the technologies under analysis. Failure to know real opportunity costs 
and market incentives from the household perspective has been one of the principal causes of 
disappointment in development projects. 

Indicators of profitability, expressed as net returns to a particular resource, are defmed 
following the basic principles of optimization, substitution of resources, and comparative 
advantage. Essentially this means that (1) optimization is achieved only when each unit of 
resource yields the best additional return, i.e., every resource should be used in the 
technological option where it is most suited, (2) any technological option is expressed as a 
particular combination of resources applied in production; for example, if land is cheap and 
labor expensive, one should use more land and less labor. Thus appropriate technology in 
agricultural systems in developed countries is one that uses labor efficiently (i.e., ratios of 
labor/land and labor/capital are low) which results in high returns per unit of labor. In this 
respect, the relative availability and opportunity cost of each resource used in the production 
system has to be known to determine which resource should be optimized. No doubt, all 
resources are scarce and important in the developing countries, but labor and capital-saving 
technologies have a greater probability of an attractive pay-off. 

For long-term analysis, the basic issues are whether one has good quality data and what 
discount rate to use (Gittinger 1982; Hoekstra 1987). Quality data on the seasonal or yearly 
streams of benefits and costs are extremely difficult to generate because of time and logistic 
constraints. Long-term project evaluation, usually a prerequisite for loan approval by 
commercial banks, draws heavily from the best available secondary data or on best-guess 
estimates, operating under the standard presumption that the project must render a handsome 
return. To generate at least some of the required data empirically, it is indispensable to 
establish and monitor agroforestry technologies over the long-term context. 

On an appropriate discount rate, there are good reasons for selecting a high rate (resource
limited farmers have short-term planning horizons, hence high opportunity cost of capital, poor 
projects would be screened out) as well as a low rate (social welfare considerations, protection 
of environment, etc.). One of the most convincing arguments for a low rate is that farmers in 
fact have a long-term view. How else could one explain farmers' perpetual desire to purchase 
more land, accumulate more livestock, or educate their children, even when such investments 
may not render the highest nor most secure returns? Probably farmers use differential rates of 
discounting (or compounding) depending on the type of investment decision. The use of 
sensitivity analysis with different discount rates or simply estimating the internal rate of return 
for the various options (when IRR is robust) makes the discussion of an appropriate discount 
rate a moot issue. 

Question 3. Manageability and riskiness of technology. The basic question here is whether 
the agroforestry technology fits into the local farming systems and can be managed successfully 
by the farmers given existing resources and circumstances. Flfst of all, understanding the 
households' decision-making strategies and identifying their criteria for technology acceptance 
would assist in guiding this analysis. Second, knowing the basic decisions and resources 
required for using a technology assists in defming the key issues that must be addressed. There 
may be ethnic, gender, or age values that ascribe, for example, roles of decision making 
(allocation of selected resources) and of implementation (crop or livestock activities, fuelwood 
supply) to specific members of the household. Such cultural realities cannot be undermined 
and therefore the participation of responsible household members in decision-making analysis 

85 



would be essential. Technology manageability becomes complex when one member of the 
household decides on the investment, another has to implement it, and yet another receives the 
benefit. 

An agroforestry technology can be disaggregated into its establishment, maintenance, and 
productive phases. For each phase, one bas to try to match resources required with their 
availability in the farming system, particularly at critical periods of the agricultural seasons. 
From the farmers' point of view, some relevant issues are whether: 

- The technology is simple to manage and implement. 
- Operations are flexible, especially at peak periods of work. 
- The technology can operate with local existing resources. 
- It requires new techniques and tools; are they available? 
- Significant results can be achieved without using the whole technology. 
- There is chance of reasonable rapid success; shortening the establishment 

and maintenance phases (pegorie 1990). 

Some of these issues determine whether the technology is a low- or high-risk option. In 
addition, risk analysis should include how the technology is affected by changes in the quality 
of the climatic season, timing of operations, availability and market prices of inputs, and market 
access and prices for products sold. The extent to which some farmers are willing to take 
certain types of risk will ultimately influence whether a technology will be integrated in the 
farming system. Some advantages of agroforestry, which need to be evaluated for economic 
risk reduction, are that it: 

- Offers increased opportunity for conservation of physical resource, reduction 
of external inputs, and greater tolerance to pests/diseases. 

- Has management flexibility due to phenological adaptation of trees, which 
means easy adjustment to climatic variation, labor, and cash bottlenecks. 

- Has multiplicity of products from the same MPI'; product differentiation 
and combination can vary over time to suit household and market demand. 

Especially in lower potential, marginal areas, where cropping is extremely risky, households 
depend substantially on trees for food production and cash generation (Barrow 1988). Issues 
of risk are critical to farmer decision making. 

Question 4. Agroforestry technology adoptability. All previous questions are important in 
determining adoption potential. However, other issues arise when dealing with farmers' ability 
and incentives to adopt agroforestry on a larger scale (Avila 1989). These involve elements of 
economic analysis as well, though not exclusively. They are: 

Recommendation domain. Biophysical and socioeconomic factors at the ecoregion, 
farming system, and field plot levels indicate the potential context, pay-off, and manageability 
of an agroforestry option. Testing such hypotheses provides the basis for derming 
recommendation domains (i.e., target farmers who should be able to adopt certain technologies 
because of specific conditions characterizing their farming systems). For example, experiences 
suggest that a technology such as alley cropping is more likely to be adopted by farmers: 
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- Who are in humid zones, nonacid soils. 
- Who are severely constrained by land and hence willing to use labor-

intensive methods. 
- Who do not have access or cannot afford to pay for expensive inorganic 

fertilizers. 
- Who have livestock and have an attractive market for cow milk or goat 

meat. 
- Who have secure land and tree tenure arrangements such that they are 

willing to invest in long-term improvements and reap the benefits of their 
hard work. 

- Who will be assisted or given some inputs, i.e. free seedlings, establishment 
labor, good extension. 

Service and infrastructure support. A basic consideration relates to the mechanisms 
for acquiring planting materials (use of public, village or farm nurseries, or direct seeding). 
Others are marketability of tree products, market information, transport costs, value-adding 
processing at the farm/village level, availability, and costs of credit. These services should go 
hand in hand for successful adoption. Here economic research can evaluate the cost
effectiveness of various options to provide such services and support. 

Policy issues. Farmers' customary or legal rights to land (freehold, leasehold, or 
communal) and rights to trees (planting, access, harvest, etc.) determine whether farmers will 
want to plant trees and where in their farming systems they can plant them. Furthermore, 
where communal access to arable lands exists, for example in Africa, the farmers have to 
protect trees at great costs for large periods during tree establishment and development. 
Government regulations on the use of physical resources (land, water) and government policies 
(pricing, taxation, and subsidies) all may provide incentives or disincentives to the adoption of 
some agroforestry options (Raintree 1987). Economic research needs to answer questions such 
as: What is the impact of these policy factors on specific agroforestry options; or, conversely, 
how can the technology designs be modified so that their impact is minimal? 

Equity and distribution of benefits. Who in the community or household benefits and 
loses with the introduction of particular options: landless marginal, medium, or large farmers; 
men, women, elder people, or children; political, ethnic, or local leaders? For example, social 
forestry projects on eucalyptus planting in India have clearly shown a very positive impact on 
income generation with large and even small farmers because they had resources to adopt 
recommendations. However, the marginal and landless farmers have been affected adversely 
because, in addition to not being able to participate, adoption by others has reduced: 

- Local food production which has led to higher food prices, 
- Employment opportunities, i.e., eucalypti plantations which do not 

require much labor, and 
- Fuelwood and fodder availability. 

There is also a major issue with respect to adoption potential of some technologies in low 
potential, marginal regions in contrast to high potential regions. In the latter areas, agroforestry 
can have substantial impact in the short term, similar to other production systems. However, 
for the former, farmers have fewer options; trees may have a greater comparative advantage, 
which is supported by the evidence of existing silvopastoral and other agroforestry practices. 
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Natural resource conservation. Technologies can derive greater benefits by ensuring 
sound soil, water, and energy conservation and by preserving genetic biodiversity. Improved 
macro- and micro-environmental management are considered high-priority at this time (World 
Commission 1987; Swaminathan 1990; Douglas 1989). Economic analysis should assess the value 
of these benefits from agroforestry technologies. 

Research/extension/farmer linkages. Among these key actors, agroforestry may 
require new types of coordination, training activities, dissemination methods, monitoring and 
evaluation techniques, and time frames to evaluate technology uptake and adaptation. 

A practical suggestion to deal with this apparently complex web of adoption factors is to start 
by focusing on specific technologies. One can first work out with farmers which of this long list 
of factors are more important for promoting and sustaining adoption, then investigate in more 
detail the strategic factors or issues involved, and finally suggest appropriate improvements for 
project formulation. 

COMPARATIVE STRENGTH OF ECONOMIC ANALYSIS ON AGROFORESTRY 

The analytical models and tools applied in economic analysis have special advantages in dealing 
with challenging features of agroforestry systems. The valuation of multiple outputs and inputs 
can be done with various criteria: monetary, nutritional, or labor values. The only requirement 
is that criteria be quantifiable and have a common denominator. Even nonquantifiable ones 
can be included in decision making (e.g., by assigning qualitative indexing, using ranking 
techniques, and combining sets of different decision criteria). Second, interfacing short- and 
long-term analysis presents no particular problems as long as good, reliable data are available. 
The problem is that reliable data are scarce, and it is expensive to generate. Economists are 
skilled at integrating plot, farming system, and regional level data in order to describe, explain, 
and predict economic processes and technological impacts. Analysis at only one level has 
limitations in determining land-use constraints and potential interventions. 

These skills, combined with those of natural scientists in an interdisciplinary team approach, are 
needed in setting research and development priorities. In this regard, economic analysis has 
much to offer to sharpen the focus of agroforestry research, especially as a contribution to 
answering the following strategic questions: 

- What problems of land-use systems must be addressed urgently? 
- What agroforestry options should have greater attraction, so that 

efforts can be concentrated on them? 
- What types of research (e.g., surveys, experiments, modelling,) 

could have a higher pay-off? 
- What problems should be anticipated for successful adoption? 

For development and extension programs, economic analysis can contribute by providing useful 
information on: 

- Land-use options, including agroforestry, and their recommendation 
domains. 

- Markets of inputs and outputs. 
- Household decision making and opportunity costs. 
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- Substitution options for basic operations, such as propagation, 
establishment, and management of planting materials. 

- Options for village/local level industries for conserving, processing, 
or value-adding activities with tree woody and nonwoody products. 

One of the particular strengths of economics is sensitivity analysis. Management and 
pe~formance indicators can be assessed to determine bow responsive and sensitive they are to 
changes in bio-economic factors, especially those on which assumptions are made or limited 
data are available. Sensitivity analysis could provide valuable insights and guidelines for 
experimental and socioeconomic research. 

These are the types of questions that economists are equipped to deal with, and they are crucial 
for achieving effective agroforestry research for agricultural and rural development. 

INVENTORY OF ECONOMIC ANALYSIS ON AGROFORESTRY 

The need for "hard facts" on the economics of agroforestry led ICRAF to produce an annotated 
bibliography based on a worldwide survey of existing literature (Swinkels and Scherr 1991). A 
total of 230 documents, published and "grey" literature, were collected mostly from Africa and 
Asia and some from Latin America. 

The survey yielded studies on 13 agroforestry technologies, listed in Table 3 in order of 
importance. At the top are trees mixed with annual crops, woodlots, and trees in pasture. 
What is surprising is the relative low frequency of studies on technologies which are commonly 
practiced by farmers, such as boundary planting, trees in homegardens, and living fence. A fifth 
of the studies do not focus on any particular technology but on methodological issues. 

Table 3. Distribution of economic studies according to agroforestry technology and type of 
data. 

Technology 

Trees mixed with annual crops 
Woodlot 
Trees in pasture 
Taungya agroforestation 
Hedgerow intercropping 
Trees mixed with perennial crops 
Windbreak 
Boundary planting 
Improved fallow 
Trees in homegarden 
Contour planting 
Fodder bank 
Living fence 
Not specified 

~: Swinkels and Scherr (1991). 

89 

% of studies 
(N = 230) 

25 
23 
19 
14 
14 
9 
6 
5 
5 
4 
4 
3 
3 

20 

% using 
empirical data 

74 
79 
61 
59 
69 
76 
31 
82 
67 
89 
80 
67 
33 



Empirical data sources used are case study, farm survey, and research plot, and these ac:count 
for 20, 33, and 28% of the studies, respectively. Nonempirical sources include estimates drawn 
from secondary sources or reasonable approximations, 43% of the studies, and data generated 
from biological models, 7%. Unspecified sources represent 23% of the total. On a 
technological basis, the percent using some empirical data is presented also in Table 4. The 
technologies with the highest percentage, say 80% or more, include trees in homegarden, 
boundary planting, and contour planting. Technologies with the lowest percentage, say about 
33% or less, include living fence and windbreaks. Due to increasing interest in agroforestry 
from national and international institutions, it is expected that the proportion of empirically 
based studies will expand notably in the near future. 

Table 4. Distribution or ecoaomic studies by agroloreslry tecbaology aad type or economic 
analysis.* 

Cost Partial Whole 
benefit budgeting farm 

budget-

i ing 
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Mixed plaating 
Homegardea 2 1 1 1 2 1 4 
Trees/annual crops 7 11 8 10 2 3 1 2 6 3 7 1 
Trees/perennial crops 3 3 3 5 2 2 1 6 
Trees in pasture 6 13 4 7 1 4 1 1 3 1 8 2 

Block plaatiag 
Woodlot 12 21 8 6 5 1 1 2 2 2 1 11 2 
Fodder bank 2 2 1 1 

Strip/line pland ... 
Hedgerow intercropping 11 10 3 2 1 3 1 5 2 2 1 
Contour planting 2 2 1 1 1 1 2 
Boundary planting 2 3 1 1 2 
Living fence 3 2 1 2 
Windbreak 7 8 1 1 1 1 2 

Sequential plandDg 
Taungya afforestation 5 6 3 5 1 3 1 2 3 2 7 2 
Improved fallow 3 3 1 1 1 2 7 

~: Swinkels and Scherr (1991). 
·Studies without technological focus, as defined here, are excluded. 

Also from this survey, it was possible to categorize the type of economic analyses proposed or 
done in these studies in relation to each agroforestry technology (Table 4). Please observe that 

90 



there are a rather large proportion of methodological and conceptual documents focusing 
especially on woodlots, hedgerow intercropping, trees on pasture, and windbreaks. Cost-benefit, 
ex-ante analysis represent about a third of all studies, with major emphasis on woodlots, trees 
in pasture and in annual crops, and hedgerow intercropping. There are far less cost-benefit, 
ex-post analysis; and these relate mainly to trees in annual crops, woodlots, and some on 
hedgerow intercropping. Partial and whole-farm budgeting are techniques also used; there are 
a number of ex-ante studies of this type on trees in perennial and in annual crops, and 
woodlots; and a few ex-post studies on trees in perennial crops, taungya afforestation, and some 
other technologies. Linear and nonlinear programming have been applied mainly with trees 
in annual crops, hedgerow intercropping, and with trees in pasture. 

A relatively large number of agroforestry sector analyses have been done mainly on woodlots, 
several mixed planting and sequential technologies. These studies include analysis of factors 
influencing agroforestry production and adoption at the farm and regional or national levels. 
The survey also included a few papers on computer programs, as they apply to several 
technologies, for example MULBUD which was produced for multiperiod and multienterprise 
budgeting analysis (Etherington and Mathews 1984). 

FUTURE PRIORITIES FOR ECONOMIC RESEARCH 

Compared to crop, livestock, and forestry systems research, economic analysis of agroforestry 
is in a nascent phase and must expand rapidly to playa meaningful role in the development of 
efficient, productive, and sustainable technologies. Such expansion can be foreseen in three 
critical areas. 

The first is in understanding why and how farmers use and manage agroforestry. It is often 
stated that agroforestry is a complex system. This is true from the perspective of scientists 
trained in specialized disciplines. However, to the farmer, agroforestry reflects a dynamic 
strategy which allows: 

- Exploitation of a heterogeneous resource base within the farm, e.g., 
productive use of erosion prone, marshy or marginal, as well as good 
quality land types; . 

- Dynamic management over time to capitalize on changing opportunities, 
e.g., using a range of options simultaneously or modifying management of 
the same technology to obtain different outputs; 
Reduction of risk and uncertainty effects by mixing plant species, 
minimizing external input use, and diversifying products; 

- Above all, satisfaction of a range of basic household needs such as 
nutrition, cash, energy, and shelter. 

Complexity stems from the fact that farmers deliberately intensify many interactions with 
agroforestry which may not render the highest returns per commodity per hectare in the system, 
but probably a better overall factor productivity and ecological stability at the farm level 
(Norgaard 1989a, 1989b; Prinsley 1990). If scientists could learn more about the basic principles 
and processes inherent in traditional agroforestry systems, they would probably understand how 
to go about introducing frontier technologies in the farming systems context (Hart and Sands 
1991). Particularly in semi-arid environments, there is much to learn from farmers' strategies 
with agroforestry. Economic research can shed light in this area. 
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The second area is in determining the short- and long-term impacts of agroforestry in 
environments with differing potentials. There are very few studies with long-term assessments. 
To generate empirical data for such analysis, one option is to study existing agroforestry on 
farmers' fields, which has pros (low cost, quick results, compared to trials which will take years 
to generate useful results) and cons (systematic comparisons of alternatives and over time are 
difficult). Another option is to establish long-term prototype trials with realistic scales of 
operation, e.g., the alley cropping trials at UTA. In addition to the obvious benefit for 
economic evaluation, such trials would also provide opportunity for more detailed analysis of 
the biological processes involved, training of scientists in interdisciplinary and intercommodity 
research, and testing new technology components. The selection of sites with high, medium, 
and low potential environments would permit comparative analysis of bio-economic 
performance and stability of agroforestry alternatives across gradients of agro-ecological and 
socioeconomic factors. Since agroforestry is portrayed in many quarters as a sustainable land
use system, a high priority is to determine how sustainable it is in fact. This could be done by 
measuring indicators, at least annually, of agroforestry in the long-term context (10 to 20 years), 
as follows: 

Components 

Resource base 

Management 

Yield 

Interaction with 
other systems 

Indicators 

Available level and quality of land, labor, 
physical and human capital. 

Coefficients for labor, locally produced inputs, 
externally procured inputs, and ratios. 

Composition and value of all products, indexing 
of intangible benefits, proportion consumed. 

Market prices, credit used, subsidies, extension 
support, etc. 

The third area is in defining relevant indicators and refming cost-effective methods to describe, 
explain, and predict agroforestry impacts and adoption potential. Researchers must invest some 
effort in identifying indicators that reveal the mUltiple economic attributes and potentials of 
agroforestry to the different target audiences mentioned at the beginning of this paper. If this 
can be done, then researchers would be able to defme corresponding data requirements, time 
frames and methods/tools for data collection and analysis. While one may be able to defend 
the need for development of more robust and cost-effective methodologies for agroforestry 
analysis, the truth is that much can be done with existing tools and methods. In this respect, one 
high priority is to do more economic analysis and, in the process, to define the strengths and 
weaknesses of methods and to refine their application to specific agroforestry systems. Though 
not exhaustive, the list on Table 4 provides a range of appropriate analytical methods and 
models which can address many of the basic economic questions in this paper. However, in 
terms of understanding farmers' priorities, strategies, and farming systems, one could make use 
of other tools such as: 

- Structural diagramming and mapping with farmers: this technique can be 
used at the field, farm, or village level to understand how farmers organize 
resources, crops, animals, trees, structures, etc., in space and time. 

- Matrix and ranking techniques: this technique can aid in deriving household 
priorities, identifying constraints of distinct production/land-use systems. 
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- Seasonal and time calendars: this technique can identify management and 
adoption constraints in relation to, for example, cash flows, labor use, and 
timing of social obligations of various household members. 

These are examples of informal, farmer-participatory techniques which can significantly 
complement economic analysis and certainly enhance the interpretation of economic results. 

How to generate empirical data on inputs, outputs, and other relevant variables for economic 
analysis of agroforestry is a high priority area. The critical issues here are data reliability and 
cost-effettiveness. Traditional data coUection methods include use of secondary data, informal 
and formal surveys, record keeping and monitoring, participant observation, case study, 
experiments, etc. Sequencing and mixing these methods with more participatory, rapid appraisal 
techniques directly involving target actors, i.e., farmers, local leaders, and development agents, 
are creative areas of methodological investigation which should improve the timeliness and cost
efficiency in economic data coUection. In this respect, the present workshop will unquestionably 
make a significant contribution to agroforestry development. 
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2. POPULATION DENSIlY, SOIL EROSION, AND PROFITABILIlY 
OF ALTERNATIVE LAND-USE SYSTEMS IN THE TROPICS: 

AN EXAMPLE IN SOtrrHWESTERN NIGERIA 

Abstract. Most upland soils in humid and subhumid tropical Africa are 
characterized by low inherent fertility and are also susceptible to soil erosion 
and compaction with cultivation. This study uses a capital budgeting approach 
to determine the profitability of alternative land-use systems, taking into 
account the short- and long-run impact of soil erosion on agricultural 
productivity in southwestern Nigeria. The fallow systems include (1) two 
continuous cultivation alley cropping systems with leucaena hedgerows planted 
at 2-m and 4-m inter hedgerow spacing, (2) the continuous cultivation no-till 
farming system, and (3) two traditional bush fallow systems with a 3-year 
cropping period in 6- and 12-year cycles. Under a 10% discount rate, when 
no yield penalties are imposed (reflecting the case of low population density), 
the 12-year cycle shifting cultivation system is most profitable, followed by the 
4-m alley cropping, the no-till , the 2-m alley cropping, and the 6-year cycle 
shifting cultivation systems. When penalties are imposed on yields due to land 
being taken out of production because of fallow vegetation (reflecting the case 
of rising land values), the 4-m alley cropping is most profitable, followed by 
the no-till, the 2-m alley cropping, the 12- and 6-year cycle bush fallow 
systems. Thus, where access to new forest land is "costless," slight yield 
damage from erosion will not detract significantly from the immediate profit 
advantage of traditional bush fallow systems, with longer fallow periods. 

Key words: capital budgeting, population density, hedgerow, alley cropping, incremental returns 

INTRODUCTION 

The major constraint to increased agricultural productivity in the humid and subhumid zones 
of sub-Saharan Africa (SSA) is the maintenance of soil fertility. One of the basic characteristics 
of soils in this region is the susceptibility of the soils to degradation and the tendency for soil 
productivity to decline rapidly with repeated cultivation (Carr 1989; Lal1986). Today, due to 
rapid demographic and economic changes, cultivated areas have expanded onto marginal soil 
types and fallow periods are being reduced, resulting in systematic degradation of major areas 
of land in SSA and declining yields (Malton and Spencer 1984). Thus, the greatest challenge 
faced by research and extension staff is how to maintain soil fertility in a sustainable way. 

Clearly, new technologies must be developed which enhance food production and maintain the 
natural resource base. Over the past two decades international agricultural research centers, 
including the International Institute of Tropical Agriculture (UTA), the International Livestock 
Centre for Africa (ILCA), the International Council for Research on Agroforestry (ICRAF), 
have concentrated their research efforts on developing sustainable soil management 
technologies designed to alleviate both the food shortage and ecological degradation problems. 
The most promising land-use systems are alley cropping and no-till farming (Verinumbe et al. 
1984; Lal 1986). 
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Alley cropping is an agroforestry-based system. It consists of hedges of fast-growing shrubs 
interplanted with food crops. Using nitrogen faxing leguminous shrubs such as leucaena or 
gliricidia, crop yields can be maintained at reasonable levels over several years without the need 
for a fallow period. The system has several advantages. The shrubs provide green manure or 
mulch for companion crops, a source of stakes and frrewood, and, most important, biologically 
fIxed nitrogen to maintain and enhance soil fertility. Additionally, alleys planted along the 
contours on sloping ground can help to prevent soil erosion. The leaves of both leucaena and 
gliricidia are highly nutritious for small ruminants and are produced throughout the dry season 
in humid regions, a period when other forages are scarce (Kang et al. 1989). 

No-till farming emphasizes uses and improvement of the natural resource rather than 
exploitation and mining of its productivity for quick economic return. Disturbance of the soil 
is kept to a minimum, and crops are seeded through the residue of a previous crop or through 
sod without plowing. Herbicides are used to control weeds. Like alley cropping, no-till farming 
controls erosion and maintains fertility (Kang and Ghuman 1989). 

Research has shown these technologies to be technically feasible in humid and subhumid tropics 
where water does not constrain crop production (Kang et al. 1989). Economic analysis is, 
however, required before it can produce a clearly defmed extension message. This paper uses 
a capital budgeting approach to determine how these iand management technologies compare 
with each other and with traditional bush fallow systems, taking into account the short- and 
long-run impact of soil erosion and farming intensity on agricultural productivity and 
profItability in southwestern Nigeria. 

Although some economic analyses are available which evaluate the economic viability of 
improved land-use systems in SSA (e.g., Verinumbe et al. 1984; Hoekstra 1982; Sumberg et al. 
1987; Raintree and Turray 1980; Ngambeki 1985), none of them accounts for the impacts of 
popUlation pressure and erosion with its resultant long-run impacts on costs and returns. 
Failure to incorporate the costs of erosion in the farmer's land-use decision may, however, give 
misleading results about the cost-effectiveness of agricultural production systems. Also, the 
switch from shifting cultivation to alley cropping or no-till farming can be considered as an 
intensifIcation process and the profItability of these technologies is directly related to the level 
of farming intensity, which, in turn, depends on the population density (Boser up 1981). The 
analysis is also conducted under two popUlation density scenarios (high and low), which permit 
us to verify the Boserup hypothesis that there exists a positive correlation between population 
density and agricultural intensifIcation. 

METHOD OF ANALYSIS 

Description or the technologies and study area. Five land management technologies in maize 
production in southwestern Nigeria are evaluated in the study. They are continuous alley 
cropping systems in leucaena (Leucaena /eucoceplJa/a) hedgerows planted at 2-m and 4-m 
intervals, continuous no-till, and two traditional bush fallow systems with 25% and 50% 
farming intensities. These farming intensities reflect two different popUlation density scenarios. 
The 25% land-use intensity system is represented by a 3-year cropping, 9-year fallow system, 
and the 50% farming intensity system by a 3-year cropping, 3-year fallow system. Maize is 
chosen because (1) it is commonly grown in southwestern Nigeria, and (2) although numerous 
variations in land-use systems are possible, most results from agronomic trials so far have been 
obtained with maize as a food crop (Kang and Ghuman 1989; LaI1986). 
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Southwestern Nigeria, which is located in the subhumid zone of SSA, provides a good example 
of regions facing erosion problems. This region is characterized by a biomodal rainfall 
distribution with annual rainfall ranging between 1100 mm and 1.500 mm. The soil categories 
found there are alfisols. Although they vary considerably, these soils typically have shallow, 
effective rooting depths because of both argillic and gravel subsoils. They suffer a rapid decline 
in inftltration after cultivation and have poor structural stability, which make them vulnerable 
to erosion hazard (La! 1976). 

The model. The model estimated the net present value at the end of the current crop year of 
the private costs and benefits accruing over a relevant time horizon from choosing an improved 
soil-conserving system (e.g., alley cropping) over the erosive traditional shifting cultivation 
practices. We hypothesize that farmers will adopt a conservation practice when the rate of 
return to capital invested exceeds the opportunity cost of capital. This requires at a minimum 
that the costs of the practice now be less than the present value of the benefits. A long-run 
approach is chosen in order to capture the interaction between the yield-depressing effect of 
soil erosion and the yield-increasing effect of improvement in soil management technologies. 

The present value of incremental net returns (PVINR) from investing in the improved practice 
over aT-year planning horizon can be written as: 

PVINR = 
T-l 
1: (Kt-K't)61+J,l4SVT6r-1 

t=O 
(1) 

where Kt and K't are the net returns per hectare in year I for the with and without new 
technology scenarios, respectively; the discount factor is represented by 6 and is equal to (l-r)'1 
where r is the discount rate; ~ is the expected percentage of change in salvage value (i.e., 
terminal net worth) to be received by the farmer at the end of the planning horizon. 
Incorporating a salvage value in the model is important because while the planning horizon is 
fmite, the land and the associated crops will still have monetary value after the planning 
horizon, and these need to be accounted for. If ~ < 1, the farmer will not receive the full 
benefits of the salvage value. This is expected because of the imperfect land market which 
prevails (Ega 1985). The case that ~ = 1 is a naive approach, indicating a perfectly functioning 
land and capital market with buyers of farmland having sufficient information about the land 
they purchase (Ervin and Mill 1985). SVT is the change in the salvage value brought about by 
the new technology and is calculated: 

CD 

ASV = 1: (Kt-K't)6t.T (2) 
t=T 

Assuming that Kt and K't stay constant after t = T (the sector being thus forced into steady 
state), the infinite horizon model can be converted into a fmite horizon equivalent by giving a 
weight of 6T (1-6) to the change in the salvage value. When PVINR > 0, the farmer would 
gain from choosing the soil-conserving system. However, when PVINR < 0, the farmer would 
have the incentive to continue mining the soil by using the traditional erosive practice. In this 
case, a subsidy at least equal to the PVINR may be necessary to override the private advantage 
of using the erosive practice (Walker and Young 1986). The central feature of equation (1) is 
the specification of the net return functions, Kt and K'I' Both are defined as price times yield 
less the variable costs of production: 



= 
PIY(~) - CI 
PIY(Z'I) - C'I 

(3) 
(4) 

In equations (3) and (4), Y(~) and Y(Z'I) are the crop yield functions for the with and 
without soil-conserving systems, respectively; they are assumed to depend upon cumulative soil 
loss ~ and Z'I for the conservation and erosive practice, respectively. These are explicit 
arguments in the yield functions because crop yield in many years is affected by the depth of 
the soil remaining and the available technology. Because productivity loss increases with 
cumulative soil loss, the economic incentive for using an erosive practice decreases as erosion 
proceeds. PI is the price of crop in year t; CI and C'I denote the variable costs of crop 
production with and without the soil management technology in year t, respectively. 
Substituting for 11:1 and 11:'1 in equation (1) gives (after rearranging terms): 

T-1 
PVINR = E {PI [Y(~) - Y(Z".)] + [C'I-Cl]}BI (5) 

t = 0 

+ IJ. {BT/1-B} {PT [Y(Zr)-Y(Z'T)) + [C'T-c,,]} 

The right-hand side of equation (5) is composed of three parts. The fIrst bracketed term, 
PI[Y(~)) - Y(Z".)]Bl is the present value of the yield differential between the improved (soil 
conserving) and erosive systems. This expression will be positive (negative) if the soil
conserving system is higher (lower) yielding. The second component BI[C'I-Cll measures the 
net cost of adopting the conservation practice. It thus reflects any increase (saving) in operating 
inputs (e.g., labor, chemical, or material costs) due to the new technology. The last term, 
IJ.{BT /l-B} {PTlY(Zr) - Y(Z'T)] + [C'T-c,,]} is a terminal value which reflects the discounted 
value of all incremental returns to be realized beyond T-1. 

DATA 

In order to perform equation (5), data on soil loss, crop yield, crop prices, and production costs 
for the different fallow management systems were determined. 

Soil loss. In Figure 1, cumulative annual soil losses are plotted over time for the five fallow 
management systems described earlier. The soil is a moderately sloped sandy Oxic Paleustaif 
type with a mean of 7% slope gradient. The alley cropping system with a 2-m interhedgerow 
spacing shows the lowest estimated cumulative soil loss after 20 years (25 t/ha). It is followed 
by the 25% farming intensity bush fallow system (8.37 tjha), the alley cropping system with a 
4-m interhedgerow spacing (9.9 t/ha), the no-till (14 t/ha), and the traditional shifting 
cultivation system with a 50% farming intensity (17.8 t/ha). Note that initially erosion rates are 
lower under no-till compared to the 4-m alley cropping. 

Four-meter alley cropping, however, gives at the end of the planning horizon a relatively lower 
cumulative soil loss, due to the tree proportionality factor, which represents the degree to which 
erosion as a whole is controlled by the tree component. Initial soil loss rates used in the 
simulation model were collected from field trials in Ibadan (southwestern Nigeria). They are 
estimated at 0.43, 0.17, and 0.82 t/ha per year for the no-till farming, alley cropping systems 
with 2-m and 4-m inter hedgerow spacing, respectively (Kang and Ghuman 1989). An initial soil 
loss rate of 1.53 t/ha per year under the bush fallow systems was used, based on experimental 
data by Sabel-Koschella et al. (1984). 
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Figure 1. Predicted cumulative soil loss under 5 land-use systems for Oxic Paleustalf in 
southwestern Nigeria. 

Crop yields. Maize yield over the 2O-year planning horizon is determined based on the 
predicted cumulative soil erosion loss described previously. The appropriate function relating 
maize yield to cumulative soil loss (i.e., for a sandy Oxic Paleustalf with a 7% slope under 
southwestern Nigerian conditions) is obtained from Lal (1981): 

6.70 EXP (-0.OO3~) R2 = 0.89 (6) 

where ~ denotes cumulative soil loss in year t. 

Using equation (6), maize yield levels under the five land-use systems are calculated for the 
base case in which yields are expressed over the land occupied by the maize crop only (Figure 
2). The 2-m alley cropping system is found to maintain higher relative yields over the 2O-year 
planning horizon. It is followed by the 4-m alley cropping, the no-till, and the 12-year cycle 
bush fallow system with a 25% farming intensity. The 6-year cycle shifting cultivation system 
with a 50% farming intensity gives the lowest yields due to relatively higher cumulative soil loss 
rates. Initial yield levels collected from field trials in Ibadan are 3.45, 3.13, 2.40 t/ha for the 
2-m and 4-m alley cropping systems and no-till, respectively. For the traditional bush fallow 
systems, an initial yield level of 2.27 t/ha is chosen, which is based on results of tilled controlled 
plots without alley cropping (Kang and Ghuman 1989). This is a reasonable approximation as 
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maize yields under traditional conditions range between 1.0 and 2.0 t/ha (Mutsaers et al. 1988; 
Oyo North ADP 1989). 
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Figure 2. Projected maize yields as a function of cumulative soil losses for 5 land-use systems 
over 20 years for Oxic Paleustalf in southwestern Nigeria. 

Crop prices and production costs. The crop price is set at 0.59 Naira (N) per kg (in i988, 
US$l = NS.oo on average). This is the average of farm gate maize prices observed dwing the 
1988 peak harvest period (June, July, and August) in Ibadan, Nigeria. Estimates of total 
variable costs per hectare for each fallow management system are reported in Table 1. They 
include planting expenditures (maize seeds), user costs of fIXed equipment, herbicide costs (for 
the no-till), labor, and imputed capital costs. These were obtained from a survey of 25 
smallholder farmers randomly drawn from a list of 208 households in selected villages near 
Ibadan. The average farm size was estimated at 0.94 ha with maize and cassava as the main 
food crops. Average maize planting expenditure in the sample was estimated at N14.81 per ha. 
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The most popular farm tools used are machetes and hoes. On average farmers use 2.64 
machetes and 2.44 hoes with a working life of 1.16 and 3.36 years, respectively. The unit cost 
of a machete is estimated at N24.2 while that of a hoe is estimated at N9.54. If herbicides are 
used, a sprayer is added to the stock of equipment. The purchase price of a sprayer is 
estimated at N380 with a lifespan of 10 years. The annual user costs of the farm tools and 
equipment are calculated using the capital recovery factor formula (footnote ., Table 1). This 
gives N139.31 per ha for the no-till and N73.7 for all other production systems. The unit cost 
of herbicides is estimated at Nl50 per ha. This is specific to the most popular chemical for 
maize, PrimeXlra, and is based on the recommended 5 liters/ha. 

Table 1. Estimated annual average costs (Naira/ha/year) or maize production under 
alternative-land use systems, southwestern Nigeria, 1988. 

Continuous cultivation Bush fallow 
3-yr cropping 3-yr cropping 

Inputs 2-m alley 4-m alley No-till in 6-yr cycle in 12-yr cycle 

Maize seeds 14.8 14.8 14.8 14.8 14.8 
Herbicides 150.0 
User costs (equipment 

and tools)· 73.7 73.7 139.3 73.7 73.7 
Labor costs 1096.6 906.4 398.8 615.0 430.5 
Imputed land clearing cost 37.5 37.5 37.5 150.0 75.0 
Capital costs (imputed 
at 10%) 112.3 103.2 74.0 85.4 59.4 

Total 1334.9 1135.6 814.4 938.9 653.4 

·The user costs of the farm tools and equipment are computed based on the capital 
recovery factor formula: A = PV[/(1-(1+r-I)] 
where A is the annualized cost of capital item; PV is the present value of the capital 
item defined as the purchase price or less the present worth of its future salvage value; 
t is the estimated life span of the capital item; and r is the discount rate. A 10% 
discount is used for the base case which is based on the opportunity cost of capital for 
Nigeria (IBRD 1987). 

Annual labor requirements for maize production under the soil management technologies are 
according to Ngambeki (1985). Eighty-two work-days are required for the 6-year-cycle 
traditional fallow management system with 50% farming intensity. In the 4-m alley cropping 
system, annual labor use is increased by 53% due to added labor for hedgerow pruning. In no
till, total labor use is reduced by 35%. This occurs because of lower weeding requirements due 
to herbicides application. In the 2-m alley cropping system, total labor required is assumed to 
increase by 87%. This is due to the added pruning time brought about by the increased 
number of leucaena hedgerows. We estimate that in 2-m alley cropping systems, 33% of the 
land is occupied by trees compared to 20% in the 4-m alley cropping system. In the traditional 
fallow systems with 9 years of fallow, total labor required is assumed to decrease by 30% as a 
consequence of low incidence of weed infestation. Labor costs per hectare for all land-use 
systems are calculated using a wage rate of N7.5 per work-day, which is based on the prevailing 
minimum wage. This also reflects current wage rates in the survey area, which range between 
N5.0 and N10.0 per work-day. 
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Because bush fallow and shifting agriculture require more frequent land clearing than the 
continuous alley cropping and no-till system, it is important for comparison purposes to account 
for the cost of clearing land. The latter is calculated based on an estimated 100 work-days of 
required labor to clear 1 hectare to high bush fallow (Oyo North ADB 1989). Assuming that 
all cropped lands were equally forested initially, land clearing cost in each system is inputed 
annually by proportioning the required total labor cost linearly over 20 years. Thus, for the 
continuous cultivation systems (alley cropping and no-till), the annual cost of land clearing is 
estimated at N37.50/ha/year since land is cleared only once. For the traditional system with 
25% farming intensity (i.e., 3-year cropping in a 12-year-cycle bush fallow system), the annual 
cost of land clearing is estimated at N75/ha/year. This is so because 400 work-days of labor 
are required to clear 4 hectares of land during the first 12 years of the planning horizon. In 
the remaining 8 years, only 3 hectares of land are cleared, which required 300 work-days. 
Following the same procedure as above, the imputed annual land clearing costs for the 
traditional system with 50% farming intensity (i.e., 3-year cropping in a 6-year-cycle bush fallow 
system) is estimated at N15O/ha/year. In this case 600 work-days of labor are needed to clear 
2 hectares of land during the first 18 years of the planning horizon. For the remaining 2 years, 
only 1 hectare of bush fallow is cleared, which requires 100 work-days. 

RESULTS AND DISCUSSION 

The income effects of soil erosion and farming intensity under alternative fallow management 
systems are assessed by computing the present value of incremental net returns (PVINR) over 
a 10-year planning horizon (see Equation 1). The traditional shifting cultivation system with 
50% farming intensity is used as the ·control." These results are reported in Figure 3 for the 
base case as scenario one. A discount rate of 10% was used, which is based on the World 
Bank's estimate of the opportunity cost of capital for Nigeria (mRD 1987). The opportunity 
cost of land is assumed to be limited, reflecting the case of a low population density. Assuming 
the farmer does not receive anything from the change in salvage value (i.e. Jl = 0), the 
traditional bush fallow system with a 25% farming intensity is found to be the most profitable, 
with a PVINR of N2547 per ha. It is foUowed by the 4-m alley cropping, the no-till, and the 
2-m alley cropping systems with PVINR of N1755, N1712, and N1373 per ha, respectively. We 
estimate that annual labor costs must decrease by at least 10 and 12% for the 4-m and 2-m 
alley cropping to be competitive with the 12-year-cycle bush fallow systems, ceteris paribus. 

Therefore, where land is abundant and access to new forestland is "costless," the attractiveness 
of soil-conserving technologies such as alley cropping or no-till is limited compared to bush 
fallow systems with long fallow periods (e.g.,9 years). This reinforces the argument that in 
land-abundant countries, strategies based on area expansion are the lowest-cost sources of 
growth (Pingali and Binswanger 1988). 

Note from Figure 3 that the present value of incremental net return from switching to any of 
the land-use systems increases as the amount of the salvage value the farmer expects to receive 
increases. Thus, assuming, for example, that the farmer will receive 50% of the change in 
salvage value, the present value of incremental net returns per hectare increases to N2810, 
N2021, Nl881, and N1652 for the 12-year-cycle shifting cultivation system, the 4-m and 2-m 
alley cropping, and the no-till systems, respectively. Note in particular that the profitability of 
the 2-m alley cropping system increases faster than that of the no-till, reflecting a higher net 
benefit of the former compared to the latter at the end of the 2O-year planning horizon. In the 
interest of brevity, subsequent analysis focuses on the case of Jl = o. 
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Figure 3. Scenario one. Per hectare present value (discount rate = 10%) of Incremental net 
returns of 4 alternative land-use systems as compared to a 3-year cropping in a 6-
year-cycle bush fallow system In southwestern Nigeria. No yield penalties are 
Imposed, reflecting the case of low population density. P denotes the expected 
percentage of change in terminal net worth to be received by the farmer. 

Figure 4 reports results of a second scenario, taking into account the effect of land scarcity. 
Under high population density, the opportunity cost of land is expected to rise, reflecting 
increasing shortages of arable land. To account for this, maize yields in shifting cultivation 
systems are discounted in proportion to total land which is out of production (i.e., fallowed 
land). Thus, for the 12-year-cycle bush fallow system, a 75% yield reduction is postulated as 
about three-quarters of the land is under fallow. In the case of the 6-year-cycle bush fallow 
system, a 50% reduction in yield is assumed as about 50% of the land is out of production. As 
expected, these yield penalties reduce the current profit advantage of the 12-year-cycle bush 
fallow system. Despite its relatively lower cost of production, the long-run yield gains from 
topsoil conservation with the 12-year-cycle bush fallow are now insufficient to offset the direct 
yield penalty handicap. The 4-m alley cropping system now yields the highest incremental 
return with a PVINR of N7377 per ha. The no-till and the 2-m alley cropping systems follow 
with PVINR of N7334 and N6995 per ha. As expected, the 12-year-cycle bush fallow system 
yields the lowest incremental return with a PVINR of N-351 per ha. It is worth noting that 
under this high population density scenario, the traditional bush fallow systems are actually not 
profitable. The calculated net present values are negative and estimated to be N-2723.2 and 
N-2371.8 per ha for the 12-year- and 6-year-cycle bush fallow systems, respectively. Thus, as 
land value rises, the returns to investment in soil-conserving systems (especially the 4-m alley 
cropping and no-till systems) increase. Therefore, we expect the 4-m alley cropping system or 
the no-till to be most attractive in relatively high density population areas. 

The results obtained confrrm Boserup's (1981) hypothesis that there exists a positive correlation 
between intensity of land use and population density. The argument is that for given agro
climatic conditions, increases in population density will gradually move the agricultural system 
from forest fallow to annual cultivation. Thus, intensive cultivation of permanent fields in the 
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frontier using labor-demanding technologies (such as the 4-m alley cropping system) or external 
input demanding technologies (such as the no-till system) will become the norm only when 
arable land is exhausted (Pingali and Binswanger 1988). 
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Figure 4. Scenario two. Per hectare present value (discount rate = 10%) of incremental net 
returns of 4 alternative land-use systems as compared to a 3-year cropping in a 6-
year-cycle bush fallow system in southwestern Nigeria. Penalties are imposed on 
yields in the bush fallow system in proportion to land occupied by the bush fallow, 
reflecting the case of high population density. P denotes the expected percentage 
of change in terminal net worth to be received by the farmers. 

CONCLUDING COMMENTS 

New technologies must be developed which enhance food production and maintain the natural 
resource base in sub-Saharan Africa. Using a capital budgeting approach, this study evaluates 
the profitability of alternative soil management technologies taking into account the impact of 
population pressure and the short- and long-run productivity effect of soil erosion. The 
technologies include (1) two continuous cultivation alley cropping systems with leucaena 
hedgerows planted at 2-m and 4-m interhedgerow spacings, (2) the continuous cultivation no-till 
farming system, and (3) two traditional bush fallow systems with a 3-year cropping period in 
6- and 12-year cycles, respectively. Data were collected from southwestern Nigeria where the 
most popular soil categories are alfisols, which have shallow rooting depth and are vulnerable 
to compaction and erosion. 
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Using the 3-year cropping in 6-year-cycle bush fallow system as the "control," present values of 
incremental net returns (PVINR) were computed under two scenarios. A discount rate of 10% 
was used, which reflects the opportunity cost of capital for Nigeria. In scenario one, where no 
yield penalty is imposed, reflecting the case of low population density, the 12-year-cycle bush 
fallow is the most profitable. It was followed by the 4-m alley cropping, and the no-till, and the 
I-m alley cropping systems. We conclude that in general where access to new forestlands is 
"costless," slight yield damage from erosion will not detract significantly from the profit 
advantage of traditional bush fallow systems with long fallow periods. 

In the second scenario, the profitability of alternative fallow management systems were 
examined taking into account total land use under cultivation and fallow. In this case, the alley 
cropping with 4-m interhedgerow spacing was the most profitable. The no-till and the 2-m alley 
cropping systems were next. Not surprisingly, the 12-year-cycle bush fallow system yields the 
lowest incremental return with a PVINR of N-351 per ha. 

These fmdings are consistent with Boserup's hypothesis that there exists a positive correlation 
between population density and agricultural intensification. In land-abundant areas, the fertility 
of the soil is maintained by periodic fallowing of land, and bush fallow systems are cost
effective. It is only when farming intensity increases that labor-demanding continuous 
cultivation systems such as the 4-m alley cropping become profitable. Thus, where land value 
rises due to population pressure, with current (4- to 6-year cycle) bush fallow system farmers 
have been incurring implicit cost of keeping land out of production. 

Finally, it is useful to qualify the conclusions obtained by reviewing the limitations of the study. 
Although it yields some insight about the productivity impacts of soil erosion, this study does 
not provide us with sufficient information regarding the potential for integration of alternative 
land-use systems within the existing farming systems. To test if the technologies fit into the 
farmers' production plan, economic analysis based on a whole-farm modeling approach is 
necessary. Whole farm models reflect the basic production processes involved in agriculture 
(e.g., nitrogen flXing capabilities of leguminous trees), as well as many of the resource 
characteristics and constraints with which farmers must work (e.g., labor, land, and credit to 
name but a few). Under the capital-budgeting approach market wage rate rather than the 
appropriate shadow price of labor is used, leading to possible biases in the estimates of 
profitability. In traditional African agriculture, labor behaves as a fIXed resource for some 
periods during the year, but acts like a variable resource in other periods. The appropriate 
wage bill is, therefore, derived from the seasonal distribution of labor weighted by its shadow 
price. Another problem not accounted for in the capital-budgeting approach is the effect of risk 
on farmer behavior. Rather than maximizing profit, farmers may be adopting strategies to 
minimize the risk associated with their decisions. For example, the farmer may wish to avoid 
increasing debt and its associated long-run costs. The capital-budgeting approach may simply 
change a risk premium to investment cost, missing important crop interactions and the 
possibility of reducing risk by diversifying the crop mix. 

REFERENCES 

Boserup, E. 1981. Population and Technological Change: A Study of Long-Term Trends. 
University of Chicago Press, Chicago. 

Carr, S. 1984. Technology for small-scale farmers in sub-Saharan Africa: Experiences with food 
crop production in five major ecological zones. World Bank Technical Paper No. 109, 
Washington, D.C. 

105 



Ega, LA. 1985. Land tenure as a constraint on agricultural development in Nigeria. In EJ. 
Nwosu (ed.), Achieving Even Development in Nigeria: Problems and Prospects. Fourth 
Dimension Publishing Co., Ltd., Enugu, Nigeria. 

Ervin, M., and J.W. Mill. 1986. Agricultural land markets and soil erosion: Policy relevance and 
conceptual issues. Amer. J. Agric. Economics 67(5):938-42. 

Hoekstra, DA. 1982. Leucaena /eucocephala hedgerows intercropped with beans. An ex-ante 
analysis of a candidate agro-forestry use system for the semi-arid areas in Machakos 
District, Kenya. Agroforestry Systems 1:335-46. 

International Bank for Reconstruction and Development (ffiRD). 1987. Nigeria Agricultural 
Sector Review. Revised, September 18, AF4AG, World Bank, Washington, D.C. 

Kang, B.T., and B.S. Ghuman. 1989. Alley cropping as a sustainable crop production system. 
Paper presented at International Workshop on Conservation Farming on Hillslopes, 
Taichung, Taiwan, ROC, March 20-29. 

Kang, B.T., A.C.B.M. Van der Kruijs, and D.C. Couper. 1989. Alley cropping for food crop 
production in the humid and subhumid tropics. In B.T. Kang and L. Reynolds (eds.), Alley 
Farming in the Humid and Subhumid Tropics. IDRC, Ottawa. 

Lal, R. 1976. Soil erosion problems on an alflSol in western Nigeria and their control. 
Monograph 1, International Institute of Tropical Agriculture (UTA), Ibadan, Nigeria. 

Lal, R. 1981. Soil erosion problems on alfISols in western Nigeria, VI. Effects of erosion on 
experimental plots. Geoderma 25:215-30. 

Lal, R. 1986. Soil surface management in the tropics for intensive land use high and sustained 
production. Advances in Soil Science 5:1-109. 

Malton, P J., and D.S.C. Spencer. 1984. Increasing food production in sub-Saharan Africa. 
Environmental problems and inadequate technological solutions. Amer. J. of Agric. 
Economics 66(5):671-76. 

Mutsaers, HJ.W., and D.S.C. Spencer. 1988. On-farm research-A necessary tool in the 
development of innovations. Entwicklung-LandIicher Raum, March. pp. 10-12. 

Ngambeki, D.S. 1985. Economic evaluation of alley cropping leucaena with maize-maize and 
maize-cowpea in southern Nigeria. Agricultural Systems 17:243-58. 

Oyo North ADP. 1989. Goals, activities, targets, and achievements. January 1983-31 March, 
1989 (unpublished). 

PingaIi, P.L., and H.P. Binswanger. 1988. Population density and farming systems. The changing 
locus of innovations and technical change. In R.D. Lee, B. Arthur, A.C. Kelley, G. Rodger, 
and T.N. Srinivasan (eds.), Population, Food and Rural Development. Johns Hopkins 
University Press, Baltimore. 

Raintree, J.B., and F. Turray. 1980. Linear programming model of an experimentalleucaena
rice alley cropping system. Research Briefs. 1(4), International Institute of Tropical 
Agriculture (IITA), Ibadan, Nigeria, pp. 5-7. 

Sabel-Kosch ella, U., R. Lal, and U. Schwetmann. 1984. Runoff and soil erosion studies in the 
savannah. Research Highlights (UTA), Ibadan, pp. 148-49. 

Sumberg, J.E., J. McIntire, CJ. Okali, and A. Atta-Krah. 1987. Economic analysis of alley 
farming with small ruminants. Bulletin 28, International Livestock Centre for Africa (ILCA), 
Addis Ababa, Ethiopia, pp. 2-6. 

Verinumbe, I., H.C. Knipscheer, and E.E. Enabor. 1984. The economic potential of leguminous 
tree crops in zero tillage cropping in Nigeria: A linear programming model. Agroforestry 
Systems 2:129-38. 

Walker, J.W., and D.L. Young. 1986. The effect of technical progress on erosion damage and 
economic incentives for soil conservation. Land Economics 62(1):83-93. 

106 



Critique of 

POPULATION DENSI'IY, SOIL EROSION, AND PROFITABILI'IY 
OF ALTERNATIVE LAND-USE SYSTEMS IN THE TROPICS: 

AN EXAMPLE IN SOUTHWESTERN NIGERIA (Simeon K. Ehui) 

by 

Sara J. Scherr (chair), Joshua Daniel (rapporteur), Peter Hazelwood, Rigoberto Romero, 
Sompetch Mungkordin, Paul Wojtkowski, Mark Buccowich 

PROBLEM STATEMENT AND HYPOTHESIS 

The study analyzes the profitability of alternative agroforestry production systems, taking into 
account the impact of population pressure and the short- and long-run productivity effects of 
soil erosion. In addition, the study provides an interesting approach to demonstrating the 
(hypothesized) positive correlation between population density (land scarcity) and the intensity 
of agricultural land use. 

The paper could reach a broader audience by providing more explanation of the parameters 
used in the simulation model and through better definition of terms. 

METHODOLOGY 

The use of net present value analysis to calculate the discounted costs and benefits of 
alternative agroforestry production systems is appropriate to the objectives of the study. 
However, as the author notes, the analysis does not provide sufficient information to fully assess 
the potential for integration of alternative agroforestry technologies within existing farming 
systems. 

The study incorporates both the negative impact of soil erosion and the positive impact of 
improved soil management technologies on crop yields in assessing the cost-effectiveness of 
alternative agroforestry production systems. The use of a 10-year time period to assess these 
interactions enhances the analysis. Other strengths of the study are consideration of the impact 
of population density and accounting for differing factors of production among different user 
groups (e.g., areas with different degrees of land scarcity). 

A few aspects of the analysis need to be further considered. The discount rate of 10 percent 
may be low for poor rural farmers. Sensitivity analysis could be used to test the effect of using 
alternative discount rates. Sensitivity analysis should also be used to test the results of tlte 
mode~ particularly with respect to erosion rates, crop yield, and labor input. 

The decision not to account for land lost to trees in the calculation of costs needs further 
justification. More information on crop density patterns would be useful. Also, land-dearing 
costs are averaged over the 2O-year period of the model, rather than being accounted for in the 
years in which they are incurred. Discounting these average costs may bias the calculation of 
net present values. 
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DATA COLLECTION AND FIELD MEASUREMENT 

Because the relationship between soil erosion and crop yields is critical to the analysis, more 
description and verification of the underlying data are needed. 

INTERPRETATION OF DATA 

The simulation model provides a useful analysis of the cost-effectiveness of alternative 
agroforestry production systems under varying population pressure and soil erosion scenarios. 
More explanation of the model and the data underlying the analysis would assist the reader 
(particularly noneconomists) in interpreting the results. Further discussion of the results is 
needed to assist the reader in judging how and the extent to which the results of the analysis 
can be extrapolated. 

LESSONS LEARNED 

The analysis demonstrates the importance of incorporating the effects of soil erosion on crop 
yields in assessing the cost-effectiveness of alternative agroforestry production systems. 

The use of net present value analysis must be supplemented by more holistic analytical 
techniques, such as whole-farm budgeting, to properly assess the potential for farmer adoption 
of alternative agroforestry production systems and, as the author recommends, whether the 
technologies fit into the farmers' production plans. 

Several important variables for future consideration mentioned by the author are well founded. 
Labor wage rates and market wage rates versus shadow prices for labor need to be considered. 
Labor is fIXed during certain periods and is variable during others. Finally, the author mentions 
the need to consider farmers' objectives of profit maximization and risk minimization. 
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Karch, G. Edward. Forestry Consultant, 4817 Marymead Drive, Fairfax, VA 22030, USA. 

3. COMPARISON OF AGROFORESTRY PRACTICES IN SENEGAL 
USING FINANCIAL ANALYSIS 

Abstract. This paper describes an empirical bioeconomic spread-sheet model 
using cost-benefit analysis. The model is designed as a tool for use in project 
management to provide extension direction. A financial analysis from the 
farmer's view was done using data from many sources, including existing base
case data from a regional farm budget. Benefits were adjusted by growth and 
competition functions. A wide variety of agroforestry practices were analyzed 
and compared. Major assumptions were tested using sensitivity analysis. 
Project management and extension policy conclusions are presented. Copies 
of the model are available from the author. 

Key Words: spread-sheet model, agroforestry practices, sensitivity analysis 

INTRODUCTION 

The analysis attempts to predict farmer fmancial behavior in the adoption of agroforestry 
practices. It is a fmancial cost-benefit analysis from the farmer's viewpoint with results given 
as internal rate of return (IRR), net present value (NPV), and benefit-cost ratio (BCR). The 
analysis will be used as a management tool to suggest the best opportunities for extension 
success, such as practices for promotion in specific regions and whether emphasis should be 
placed on working with groups or individuals. Other policy concerns addressed are subsidies 
and soil restoration vs. conservation. 

The framework, for the analysis is a spread-sheet model with easy input of variables while 
retaining a description of complex relationships between variables. The analysis framework was 
designed to analyze a whole region. A single farm could be analyzed by changing the inputs 
and adjusting the relationships to reflect the values found on the farm. There are six major 
agroecological zones in Senegal; each is to be modeled separately. The current model applies 
to the Peanut Basin in central Senegal. The practices used in the field are a base case of 
traditional crop production that uses some agroforestry practices, field trees, fruit orchards, 
cashew intercropping, windbreaks, border plantings, live fences, roadside plantings, and block 
plantations. 

The data used in the model include research fmdings, farming systems studies, data from 
previous projects, data from similar projects in different countries, data from a baseline survey, 
data from surveys of different forest products, and some best-guess estimates. The analysis is 
expected to improve in accuracy as the data improve. 

The Peanut Basin is the major peanut production area located in the center of the western half 
of the country. The basin reaches from the Ferlo in the north to the Gambia in the south. The 
major crops are peanuts and millet/sorghum, with some minor production of maize and 
cowpeas. The major agroforestry practices include field trees and some block plantations. 
There is a potential for field trees, windbreaks, live fences, and border trees, with soil 
conservation practices. The southwest of the basin is the major cashew intercropping area. 
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THE PROJECT 

The Senegal reforestation project is a USAID-fmanced project with five components that 
include training, media, urban street tree contracts, private sector forest products markets, and 
cost sharing. This analysis is concerned with the cost-sharing component. This program works 
through the existing extension structure of the Senegalese Forest Service to give to farmers an 
incentive for planting trees on their farms. This incentive is a reimbursement of some costs of 
planting the trees, which is now about half the average cost of the tree planting. This is paid 
after one year of survival and is based on a surviving tree count. The plantings must reach at 
least 45% survival before any payment is received. Anything over 75% survival is paid as if it 
were 100%. The survival rate is very important in the analysis. The reimbursement is pegged 
to the survival rate and, depending on the discount rate chosen, may be a major benefit of a 
decision to participate in cost sharing. 

Analysis. 

Time frame. Twenty years is the minimum for any agroforestry analysis in the Sahel. 
Slow growth rates from severe climatic conditions preclude any quick returns. The generally 
high local rural discount rate limits the present values of benefits to be generated after 20 years. 
The coppice rotations of eucalyptus will occur within the 2O-year time frame. 

Labor rate. The labor rate used in the farming systems studies (Martin 1988) is 500 
Central French Africa francs (cfa). This appears to be a universal standard rural labor rate for 
most of the analysis done in Senegal. If the net farm income is divided by the number of days 
to produce this return, then the income per day of labor is about 5000 cfa. The average time 
to produce this is about 34 days. If this income is annualized, the farmer's daily rate is about 
500 cfa. This is a common price of labor in the high season. 

The cost of labor has two values-the high season or the low season value. These may be the 
same or they can differ if there is a seasonal labor cost difference. The high value is used for 
labor costs during the time when crops can be grown. The other value is used when labor is not 
needed for growing crops and represents what a person could get from other work that earns 
money. 

Discount rate. If the rural discount rate is considered in two parts, one is fmancial 
and the other can be called familial, to avoid ending up with the term "social discount" that has 
a different meaning. The fmancial represents the constant cash shortage and need for a quick 
return, along with very high interest rates for the available capital. 

Formal bank agricultural loans are generally not available to individuals. The informal rural 
loan rate in Senegal varies from about 25% to several hundred percent. Gaye (1989) estimates 
the rate near Kaolack to be 40% with a range from 6% to 100% when adjusted for the actual 
pay-back period. Studies at Bounkilling in the Casamance found rates of 15% - 103% for short 
term loans (Cooperation Italienne 1989). From a small sample near Diourbel the rate when 
loans were available was 250% annualized or 25% for the cropping season. These were from 
women's groups to members only. 

The familial discount can be much lower, based on interview responses. A common response 
is that the returns are for the next generation. Other responses are concerned with 
continuation of the family line and the viUage. These responses are from older farmers; 
younger men had immigrated to the cities earlier and were not available for interviews. 
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From these two contrasting views, a discount rate of 25% was used. This may be viewed by 
many as too high, but for the rural S6ntgalese it may be too low. 

Soil degradation rate. The soil degradation rate chosen was 0% for the Dior sands 
of the Peanut Basin. This soil has almost no profile, very low cation exchange capacity, low soil 
organic matter content, low fertility, and almost no structure. It has deteriorated about as far 
as it can (King et al. 1989). An alternative to this rate is to use the average percent of land 
abandoned each year as unproductive for a proxy. This is about 4% for the northern part of 
the Basin (Nelson 1991). 

Evaluation of results. Three methods were used in this analysis for evaluation of results. 

The net present value (NPV) is simply the sum of the costs discounted and the returns 
discounted. If it is a positive number, the farmer will make money, if the assumptions are true. 

The benefit cost ratio (BCR) is the discounted benefits divided by the discounted costs. If the 
BCR is greater than 1, the farmer will make money, if the assumptions are true. 

The internal rate of return (IRR) is a bit different. At some discount rates, discounted costs 
and discounted returns will be equal. The discount rate that causes this equality is the IRR. If 
this IRR is put back into the model as the discount rate, the NPV should be 0 and the BCR 
should be 1 or close to those values, if the assumptions are true. 

The phrase, "if the assumptions are true," implies the more accurate the information that is 
being analyzed, the more accurate will be the results. 

Practices. The agroforestry practices promoted in the field were analyzed. These include three 
single-product management practices: base case of crops only, block plantations, and fruit 
orchards; one social forestry case: roadside plantings; and multiple-pr-oduct agroforestry 
practices: field trees, windbreaks, live fences, border plantings, and nut orchards. 

Base case crops with no interventions. The net crop returns with no agroforestry 
practices are based on the regional average of production values for each crop (Rtpublique du 
Stntgal1991). This is expressed as a percentage of the total production value for each crop 
(see Table 1). 

The net values per hectare of each crop (Martin 1988 updated with 1990-91 data) are weighted 
by this percentage of total production value. This gives weighted net crop values per hectare. 
The sum of these weighted net crop values is the net farm income with no agroforestry 
practices. If the marginal cost for labor is not zero, the net value with labor is user' for 
calculation; otherwise, the net value without labor is used. 

This base value is lowered each year by the soil degradation rate. The discount rate is applied 
to the cash flow line to give an NPV of the crops with no agroforestry. Because there are no 
costs in these values, i.e., they are net annual income-costs have already been subtracted from 
the benefit-the resulting IRR and BCR are not applicable.1 

1 The BCR is the benefits divided by costs. If there are no costs (these are net crop value 
costs and have already been subtracted), attempting to divide by 0 gives an error. The IRR is 
calculated by setting the NPV to 0 (breakeven where costs and returns are equal) and the 
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Table 1. Net crop returns with no agroforestry practices based on the regional average of 
production values for each crop (Republique du Sen~11991) as a percentage ofthe 
total prodUction value for each crop. 

Base case regional hectare 
Soil degradation rate - 0% 

Regional 
production Weighted 

(1000s of tons) Percentage Labor 1000 T With labor net 
Crops 982.1 100% days net (cfa) (cfa) (cfa) 

Millet 395.1 40 33 23,525 7,025 2,826 
Aracbide 531.6 54 34 30,846 14,013 7,585 
Maize 39.7 4 32 86,870 70,870 2,865 
Nebe 15.7 2 89 35,160 (9,090) (145) 

Net farm income - no agroforestry 13,131 

Percentage % value/ 
Crops -%- value cfa/kg kg/ha Value/ha 100% 

Millet 40 100 70 383 10,786 40 
Aracbide 54 55 68 833 30,661 30 
Fane 45 35 1313 24,875 24 
Maize 4 100 80 1400 4,527 4 
Nebe 2 60 100 450 719 1 
Fane 40 34 900 489 1 

Incremental crop value 72,057 

When an agroforestry practice is selected for analysis, the net farm income calculation is not 
used. The net farm income is calculated within each separate practice analysis to capture the 
effect of that practice on the net farm income. Land occupied by trees is excluded. H the 
practice is restorative, the soil degradation will be removed or reduced. H the practice is 
competitive, the rate of competition will be applied to reduce the net value. 

The other data dealing with crops are the values used in calculating the incremental crop 
values. These are values from additional yields received from improved soil and microclimatic 
conditions caused by the planting of trees. These values are used when there is an interaction 
between crops and trees such as with field trees or windbreaks. These values do not apply if 
there are no crops, such as block plantations or fruit orchards. They also do not apply to the 
base case where there are no trees. 

equation is solved for the discount rate. H all years have a positive value, the equation cannot 
be set to 0 and an error results. The only means left to compare the base case with the cases 
from agroforestry practices is the NPV which will always be positive for the base case as long 
as the net crop values are positive. 
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Field trees. The case of field trees assumes a widely spaced interplanting of trees that 
offer some type of benefit to the crops grown between the trees. The most common species 
used as field trees in S~n~gal is the Kad (Faiderbia a/bida, Acacia a/bida). As Kad does not 
compete with crops, the only space taken by the tree is for the trunk. This value of space 
reduction to crops would be higher if any other species were used, as Kad is the only species 
with no leaves during the growing season. Costs include protection that may be as guardians, 
or more likely, thorn brush piled around the young trees. This may be an investment to cut the 
thorn and move it to the tree. The other costs are for trees, if these are planted. Planted trees 
are harder to establish but can be better aligned for ease of mecbanized farming.2 The 
aligning and digging of holes should be done before planting season to use low season labor, 
also allowing the first rains to soak the bottom of the bole. Planting the trees must be done 
in the high labor season since the trees need the same advantages as crops in the growing 
season. 

The number of days of labor and the wage rate (high or low) are entered separately. Some 
actions can be done before planting season, thus avoiding labor sbortages and conflict with the 
normal agricultural calendar. 

Maintenance costs can either be spot or annual. Spot costs are costs that do not occur regularly 
(e.g., weeding required for tbe rust 2 years or watering of trees for the rust year). Annual costs 
are costs that occur eacb year (e.g., barvesting of Kad pods each year, annual repair, and 
pruning of live fences). 

The maintenance in the field tree case would consist of weeding around each tree and repairing 
the thorn protection. This will occur as needed until the trees are above goat reach in beight. 
Although there will be some benefits in the form of wood, they will occur too far in the future 
for inclusion in this analysis. The benefits from the trees to the net farm crop income occur at 
about the same rate as the benefits from incremental crop production. The effect on the net 
farm crop income is the stopping of soil degradation. The incremental benefits are from 
increased soil fertility by soil microorganisms breaking down the litter from the Kad (King et 
aI. 1989). Additional benefits are also partially from better soil and crop microclimate. Tbese 
benefits have not been individually quantified by research and are included with the soil 
improvement benefits (see Table 2). 

The incremental crop values from Kad are valid with millet and peanut fane,3 but not from 
peanuts. Kad has no effect on nut production (Louppe 1990). This value is calculated by using 
the weighted value per hectare, excluding the percentage for peanuts but including the value 
for fane. 

2 Evenly spaced trees also offer the advantage of calibrating of fields. This metbod, called 
piquet vert, is used for application of fertilizers, seeds, etc., as a prescription basis (i.e., so many 
kg of inputs per tree applied to the area between the trees). 

3 Fane is the hay from dried stems and leaves, used as a high-quality livestock feed. 
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Fodder and pod values are based on the production of pods per tree (June 1970)(Charreau 
1974). The price for pods is applied to this to give the base value. This value is adjusted by 
the function for increase over time for fodder and pods. The reimbursement is the rate that 
the project reimburses for forest species adjusted according to the project reimbursement 
formula. 

Table 2. Rate of benefits (soil improvement) from trees to net farm crop income. 

Year> 1 2 3 4 5 6 7 8 9 10 
Growth, yield, production functions Rate of soil improvement (%) 

Mango % Full production 0 0 18 29 41 53 6S 76 88 100 
Citrus % Full production 0 0 0 2S 36 SO 64 75 86 100 
Field trees % Yield increase 0 0 0 1 2 3 3 5 6 7 
Windbreak % Yield increase 4 7 12 17 19 20 20 20 20 20 
Live fence % Yield increase 1 1 2 3 4 4 4 4 4 4 
Nuts % Full production 0 0 13 37 43 47 SO 63 70 73 
Leaves/pods % Full production 0 0 0 2 3 5 7 9 11 14 
Competition % Reduction 0 0 1 3 5 10 15 19 22 23 

The field tree case assumes a 10-m by 10-m spacing that gives 100 trees per hectare. The space 
excluded from crops will be 4 m2 to allow space for the trunk of the tree. Protection costs are 
estimated to be 10,000, and the trees are also estimated to cost 10,000 cfa. The labor cost is 
estimated to be 2 days of high and 5 days of low season. The total establishment cost resulting 
from these costs is 23,500 cia. The maintenance is 2 days in years 1 and 2 for fixing the thorn 
protection barriers and weeding. 

Benefits are from increased crop yields and from production of fodder and pods, plus any 
reimbursement. The tree intercrop may be switched on or off to evaluate the practices with or 
without the net benefits from crops. The incremental yield from the effect of trees on the crops 
remains. 

The establishment costs are 23,500 cfa in year O. The year of establishment is year 0 and not 
year 1 because a year's growth has not yet occurred. In year 1 the farmer receives the 
reimbursement based on the survival of the previous year's planting. Also occurring in year 1 
will be the rust weeding that costs 1,000 cfa. In year 2 there are no benefits but a cost of 1,000 
cfa again for weeding. 

The net crop value occurs each year starting in year O. In the case of Kad field trees the 
normal yield of farm crops would be multiplied by the production index to give the incremental 
crop yields. This is the amount of additional crops the farmer would receive due to the better 
soil conditions and higher soil fertility levels caused directly by the presence of the Kad. As this 
does not take place the instant that the Kad is planted, the improvement is distributed over 
time. The curve (in Figure 1) shows how this distribution looks over the 2O-year period of the 
analysis. This is the same shaped curve as the curve of the growth of the tree over time. 

Additional income from Kad could occur in the form of leaves and pods. This value would be 
multiplied by the percentages of the fodder and pod growth index (see Table 2). The 
reimbursement of 9,540 cfa occurs in year 1. The costs and benefits are summed for all the 
practices. In this case, no other practices are used; thus only the costs and benefits of the block 
plantation are analyzed. 
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The net farm income is reduced each 
year by the percentage of soil 
degradation. If the farmer does nothing 
to. preserve the soil, much of it can 
erOde by wind action or by rainfall. In 
addition, soil fertility rates will decline 
and the organic material in the soil will 
disappear. This calculation is done by 
taking the value from the previous year 
and reducing it by the percent of the soil 
degradation. This results in a gradually 
declining farm income unless an 
agroforestry practice can increase the 
soil productivity potential by restoring 
fertility, organic matter, and reducing 
erosion. 

Fruit Orchard. The spacing of 
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the fruit orchard option is such that Figure 1 
crops will not be grown on the same 
field; thus all the income produced is 
from fruit. (There is no fodder and pod value for the same reason.) The value of the fruit 
crop is calculated at full production from the number of kilograms of fruit produced per hectare 
and the farm gate prices. More inputs of pesticides and fertilizer are needed, as well as annual 
maintenance for pruning, spraying, and picking fruit (Neubig 1987). The reimbursement is 
higher per tree than the reimbursement for forest species. The cost of fruit trees is higher than 
the cost for forest species as they are mostly grafted stock. 

Nut Orchard. Cashew nuts are grown in the Peanut Basin as rows with inter-cropping 
in the alley. This is different from alley cropping as the nut trees are not cut back for mulch 
and the Anacardium is not a nitrogen fIXer. The net crop benefits are lower due to the space 
taken by the rows. There is an improvement in the soil next to the trees and an improved 
microclimate from the rows. However, it is estimated that crop yields would be reduced by 
competition as much as increased by this practice. Therefore, there is no decrease from soil 
degradation, and there are no incremental crop yields. There is. a decrease in net crop values 
due to the reduction of space for crops. 

The tree benefits are in the form of fruits and nuts. These products are valued from PASA 
(Project Anacardium) project data (Rudeco 1990). PASA also provides the growth and yield 
function used to project benefits over the time span. There will be additional future benefits 
from wood about 40 years in the future. There are no fodder benefits from the tree planting, 
but after the trees are above goat-reach the field can be grazed. 

In cashew orchards each row is 5 m wide because of the projection of the crown on the field. 
Some cropping space is lost based on the number of rows per hectare, which reduces the net 
crop value. 

The fruit and nut crops are calculated at full production from the number of kilograms of fruits 
and nuts produced per hectare. This is calculated from the production per tree, the number 
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of trees per hectare, and the farm gate prices. Cashew apple prices are also included in the 
benefit stream. 

In the case of intercropping, it has been assumed that any benefit to the crop from reduced 
evapotranspiration or increased soil organic material would be offset by root competition on 
the remaining cultivatable land. Therefore, there is no incremental crop value. 

Block Plantation. Eucalyptus camaldulensis is the species most often planted in block, 
with Prosopis jUliflora planted in the more northern zones. There may be intercropping for the 
first 2 years with manioc to use the space and provide an early return. After this there is no 
return until the first pole harvest. The experience at Thialle (pro jet Reboisement de S~n~gal 
1991) suggests this harvest should be at 5 years4 in the Thies region. The costs of establishment 
are the standard costs of protection, trees, and planting. There may be a need for some termite 
control if this is a problem at the site. Some benefits in soil organic material will occur if the 
oils and alkaloids from eucalyptus litter are not harmful to the soil organisms. If these benefits 
exist, they would be trapped by the crops planted on the site after the last coppice rotation is 
cut, similar to the first crop after a long fallow. This occurs outside this analysis framework and 
is uncertain. This progression is not known in this part of Africa. There is no fodder value and 
no incremental crop value from block plantations. 

The costs of fencing, plants, transport, tools, pesticide, and fertilizer are from data collected by 
the project. These can be changed to test different hypotheses, such as the results of a program 
to give away trees. 

The block plantation option returns are forest products. The assumptions are: (1) There will 
be 6 m of poles produced per tree in each coppice cut. This is multiplied by the survival rate 
to give 2250 m of poles per hectare, which multiplied by the price per meter equals 225,000 cfa 
per cut; (2) Stakes and lath will be 1-m length per tree per coppice resulting in 30,000 
cfa/ha/cut benefit; (3) There will be 10 steres of fuelwood per cut. This includes branch, tops, 
and wood that is not straight enough to make poles or stakes. The fmal product may be 
charcoal, but the return is calculated as if it were all fuelwood. In the example there were 6 
steres because of the 60% survival rate, times 2000 cfa per stere, to give a value per cut of 
12,000 cfa; (4) The quantity of sawlogs produced in the example is 0, but if these were grown 
would only be a fmal cut. 

The values must be placed in the proper year of occurrence and must be adjusted if any of the 
rotations are changed. The rotations for the Peanut Basin were based on the cutting at Thialle. 
As the butt meter was too large in diameter for a pole, the first cut was reduced to year 7 with 
following coppices each 5 years. 

As block plantations are not concurrently occupying the same terrain as crops, the incremental 
crop value is O. Block plantations can be considered agroforestry practices if they are followed 
by crops in rotation. Then the effect can be the same as a fallow. However, to measure the 
effect one would need to know the average annual crop yield on this terrain before and after 
the block plantation rotation. Base data of previous production are not available. 

4 The first cut at Thaille was at 7 years, but the butt portion was too large for poles and was 
used to make charcoal. 
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The value of leaves and pods is 0 for this case as the tree used in the plantation is eucalyptus 
and is browsed only by koalas in Australia. H the species of the plantation were a browse 
species, then fodder values would be entered. 

The establishment costs are 42,054 cfa in the year O. The year of establishment is year 0 and 
not year 1 because a year's growth has not yet occurred. In year 1 the farmer receives the 
reimbursement based on the survival of the previous year's planting. In this case, the 
reimbursement per tree is 90 cfa per tree. Also occurring in year 1 will be the first weeding 
that has a cost of 5000 cfa. In year 2 there are no benefits, but a cost of 5000 cfa again for 
weeding. 

After year 2 nothing occurs until year 7 when the first cut is made and the first returns from 
products occur. The farmer earns 267,000 cfa from the sale of poles, lath, and fuelwood. In this 
analysis it is assumed that the buyer cuts the products and the farmer sells the products on the 
stump. H the farmer cuts the trees then a harvesting cost should be used. 

Windbreaks. Use of a windbreak is the most complex practice examined. In Senegal 
the most common windbreak is a screen of one or two rows. The tall species is usually 
eucalyptus. H there is a face row it will beAcacia h%serecia, Prosopis juliflora, or Anacardium 
occidentale. Because a windbreak affects more than a hectareS, the amount of crop space taken 
and all of the costs and benefits must be adjusted to per hectare basis. Incremental crop yields 
are gradually increased at the rate of tree growth until the maximum of about 20% increase is 
reached; then yields are held steady (Ujah and Adeoye 1984; Kerkhof 1990). The net crop 
income is gradually reduced at the same rate as the tree growth to allow for increased root 
competition. The yield increase and the yield decrease balance out in about year 10. This is 
consistent with the findings from the Magia Valley in Niger (Van Den Belt 1989). 

Using Eucalyptus camaldulensis and Acacia holoserecia, the products will be poles and fuelwood 
from the eucalyptus and lath and fuelwood from the holo. There will be some fodder value if 
either holo or Prosopis is used. 

Each row occupies a width of 10 m because of the projection of the crown on the field. The 
cropping space lost reduces the net crop value. Crop value is further reduced by the root 
competition function seen in Table 2. 

Products are estimated as the percentage of each species' production that will fall into the 
particular category of poles, stakes, or fuelwood. The value is calculated from the number of 
units and the prices of the different products. Fodder and pod values were estimated for 
Acacia holoserecia. 

Live fence. The live fence case tested is not currently being used in the field. The 
fence most commonly seen in the Peanut Basin and the northern part of Senegal is Euphorbia 
balsamifera. This is vegetatively propagated in a continuous trench surrounding the field to be 
protected. This is an old practice and is effective for stopping drifting sand but ineffective for 
animal control. Farmers have reported increased yield in fields protected by Euphorbia (King 
et al. 1989). 

S For example, 10 times the height of a 2O-m tall eucalyptus equals 200 m leeward. 
Therefore, 100 m of windbreak protects 2 hectares. 
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The live fence used in the analysis is 1 to 2 m-spaced Prosopis juliflora or Parkinsonia aculeata 
with Guiera senegalensis seeded between plants. The Guiera can be cut each year and woven 
or left to thicken the fence. Parkinsonia shoots can be partially cut and cross woven (Togolo 
1988). The entire fence is topped at a 2-m height. There will be some crop effect from 
microclimatic improvements; this will possibly extend about 40 m to the lee side. Improvement 
can also be expected from soil organic matter additions from litter. This will be offset by root 
competition. Again, in this practice as in windbreaks, there will be both incremental and 
decremental functions applied to the basic yield values. There will be some fodder value since 
loppings from either Prosopis or Parkinsonia can be fed to livestock. 

In the case of live fence, each row occupies a width of 1 m because of the projection of the 
crown on the field. This lost cropping space reduces the net crop value. 

Border planting. This practice is one of the easiest agroforestry practices to carry out 
(Anderson 1989; King et al. 1989). The plantings are at any spacing needed, and the function 
is to mark field boundaries. Land tenure and traditional use rights determine the success of 
this type of practice. The benefits received are small amounts of microclimatic influence and 
soil organic matter increases that are probably offset by competition losses. The effect on crops 
was judged to be neutral. Products can be taken off as lath and fuelwood from poUarding 
above goat height. There can be some fodder value if browse species are used. 

In border plantations, each tree occupies an area of 6 m2
• Because of the projection of the 

crown on the field, some cropping space is lost. There is a lack of information on crop effects 
from border plantations. It is assumed that any benefit to the crop from reduced 
evapotranspiration or increased soil organic material would be offset by root competition on 
the remaining cultivatable area. Therefore, there is no incremental crop value. 

Roadside planting. This was the one purely social forestry practice tested. It is 
assumed to be done by a group. The only direct cost assumed is for plants. All labor is 
donated and no crop land is removed from production. Benefits are lath, fuelwood, and fodder 
that are harvested by poUarding above goat height. Nonquantified benefits include shade 
amenity, reduced road maintenance from shading, visual amenity, and community pride. 

Each tree occupies an area of 10 m2
• Since there is no crop association, there is no incremental 

crop value. For this case, no fodder value was considered as the neem tree is the most often 
planted species. 

RESULTS 

The analysis shows that using the preceding assumptions and further assuming that the farmer 
receives reimbursement for tree planting and the opportunity cost of rural labor is not zero, the 
benefits to the farmer are ranked as shown in Table 3. 

Fruit and nut trees ranked high because of the production of high value products. Roadside 
planting ranked low because most of the benefits are non-quantifiable. The poor showing for 
block plantations was thOUght to be the long waiting time required before benefits are received. 
This was tested by changing the discount rate to 12%, which raised block plantations to fourth 
position. This is seen in Table 9 with cost sharing and Table 11 without cost sharing. Table 10 
shows that assumption of a labor opportunity cost of zero dropped the block plantation to 
eighth position. 
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Table 3. Ranking of tree planting by benefit to fanner when fanner receives reimbursement 
for tree planting and opportunity cost of rural labor is not zero. 

Case Rank NPV (cfa) BCR IRR (%) 

Fruit orchard 1 954,639 7.45 >50 
Nut orchard 2 96,797 3.62 >50 
Field trees 3 69,669 4.49 >50 
Windbreak 4 64,711 33.52 N/A 
Live fence 5 64,480 3.09 >50 
Border (field) 6 52,1n 3.97 >50 
Base case 7 52,038 N/A N/A 
Block plantation 8 46,480 2.18 44 
Roadside 9 2,546 7.36 >50 

Table 4 shows that changing the value of labor to 0 causes position changes to windbreaks and 
live fences and to the base case and borders to change places. The NPV of all cases increased 
as expected except for the roadside case that has no labor cost. 

Table 4. Ranking of tree planting by benefit to fanner when fanner receives reimbursement 
for tree planting and opportunity cost of rural labor is zero. 

Case Rank NPV (cfa) BCR IRR (%) 

Fruit orchard 1 961,439 7.80 >50 
Nut orchard 2 212,134 7.29 N/A 
Field trees 3 133,984 8.81 N/A 
Live fence 4 133,2n 6.35 N/A 
Windbreak 5 122,682 73.59 N/A 
Base case 6 119,822 0.00 N/A 
Border (field) 7 118,573 8.62 N/A 
Block plantation 8 58,240 3.11 >50 
Roadside 9 2,546 7.36 >50 

In Table 5 the reimbursement is dropped to 0 to test for incentives to the farmer whose only 
project help is extension support. This raises the base case up to fifth position. With no subsidy 
for planting trees, fruit and nut orchards, field trees, and windbreaks are better options than 
the traditional crop production system. Live fence and border plantings are below the base case. 
Block plantations show about half the benefits of the base case, but this case would be on parity 
with the others if the pole price at the farm was raised by 50%. Roadside planting, a group 
social forestry case with non-quantifiable benefits, is at the bottom of the list. 

All the agroforestry cases were tested (Tables 6 to 9) to fmd their rates of return. This means 
that income from net crop value was ignored and only those benefits caused by the presence 
of the trees were included. All cases showed a positive IRR. The worst case was border 
planting with no reimbursement. This case has an IRR of 25% and will break even using the 
discount rate chosen for the overall analysis. Even with no reimbursement (Table 8) and 0 labor 
value (Table 7), all the IRRs were above 25%. 
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Table 5. Ranking of tree planting by benefit to farmer with no cost sharing. 

Case Rank NPV (cfa) BCR IRR (%) 

Fruit orchard 1 947,139 739 >50 
Nut orchard 2 93,341 3.53 >50 
Field trees 3 66,213 4.32 >50 
Windbreak 4 62,983 32.65 N/A 
Base case 5 52,038 N/A N/A 
Live fence 6 50,656 2.64 >50 
Border (field) 7 49,413 3.82 >50 
Block plantation 8 24,880 1.63 32 
Roadside 9 2,200 6.50 >50 

Table 6. Agroforestry ranking by benefit to farmer caused by presence of trees and 
opportunity cost of labor is not zero. 

Case Rank NPV(cfa) BCR RR(%) 

Field trees 1 22,444 2.12 35 
Windbreak 2 20,438 11.27 >50 
Live fence 3 16,271 1.53 37 
Nut orchard 4 10,710 1.29 32 
Border (field) 5 2,741 1.16 27 

Table 7. Agroforestry ranking by benefit to farmer caused by presence of trees and 
opportunity cost of labor is zero. 

Case Rank NPV (cfa) BCR IRR (%) 

Field trees 1 18,988 1.95 33 
Windbreak 2 18,710 10.40 >50 
Nut orchard 3 7,254 1.20 29 
Live fence 4 2,447 1.08 26 
Border (field) 5 (23) 1.00 25 

Table 8. Agroforestry ranking by benefit to farmer caused by presence of trees with no cost 
sharing. 

Case Rate NPV (cfa) BCR IRR (%) 

Field trees 1 21,788 2.27 34 
Windbreak 2 19,010 12.25 >50 
Nut orchard 3 10,454 131 31 
Live fence 4 8,447 1.34 30 
Border (field) 5 1,977 1.13 27 
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Table 9. Tree ranking by benefit to farmer with 12% discount rate with cost sharing. 

Case Rank NPV (cfa) BCR IRR (%) 

Fruit orchard 1 3,484,750 18.44 >50 
Field trees 2 254,536 12.32 >50 
Nut orchard 3 234,084 4.44 >50 
Block plantation 4 185,559 5.12 44 
Live fence 5 165,487 5.27 >50 
Border (field) 6 136,658 7.90 >50 
Windbreak 7 135,560 60.53 N/A 
Base case 8 99,293 N/A N/A 
Roadside 9 8,226 19.43 >50 

Table 10. Tree ranking by benefit to fanner with 12% discount rate and opportunity cost of 
labor zero. 

Case Rank NPV (cfa) BCR IRR (%) 

Fruit orchard 1 3,492,339 19.17 >50 
Nut orchard 2 441,508 7.85 N/A 
Field trees 3 369,489 20.08 N/A 
Live fence 4 286,341 9.93 N/A 
Border (field) 5 261,762 15.89 N/A 
Windbreak 6 240,733 124.95 N/A 
Base case 7 228,633 N/A N/A 
Block plantation 8 199,800 7.48 >50 
Roadside 9 8,226 19.43 >50 

Table 11. Tree ranking by benefit to farmer with 12% discount rate and no cost sharing. 

Case Rank NPV (cfa) BCR IRR (%) 

Fruit orchard 1 3,475,408 18.40 >50 
Field trees 2 250,231 12.13 >50 
Nut orchard 3 229,779 4.38 >50 
Block plantation 4 158,654 4.52 32 
Live fence 5 148,268 4.82 >50 
Windbreak 6 133,407 59.59 N/A 
Border (field) 7 133,214 7.72 147 
Base case 8 99,293 N/A N/A 
Roadside 9 7,795 18.46 >50 

Sensitivity analysis. The labor rate and the discount rate affect both base case and agroforestry 
practices. The other variables tested are the soil deterioration rate and the price of peanuts 
that affect the base case. The pole price and survival rate affect the agroforestry cases. The soil 
deterioration rate was set at 4% to avoid going below 0 when varied. 
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The values were varied by 10% increments both plus and minus until a final change of ± 50%. 
The results showed that the base case is most sensitive to peanut price followed by labor and 
the discount rate. The soil degradation rate has little effect. 

The field tree option is an intercropping practice and is affected by all the test parameters 
except pole price. It is most sensitive to a reduction in the discount rate. The next most 
sensitive input is the peanut price followed by the labor rate. The least effect is produced hom 
the soil degradation rate. 

Fruit orchards are affected by labor and discount rate. The effect of change in fruit price was 
tested and this was the most sensitive input. 

Nut orchards are an intercropping practice and are most affected by lowered discount rate and 
change in peanut price. The effect is about the same for survival rate and labor costs. The 
change of nut and fruit prices also have a large effect. 

Block plantations are very sensitive to discount rate followed by survival rate with less sensitivity 
to labor costs and no effect from the soil degradation rate. 

Windbreaks are most sensitive to peanut price followed by discount rate and labor rate. Survival 
rate has little effect due to the small number of trees per hectare involved. 

The sensitivity of the live fence option is similar to the windbreak option except that the 
sensitivity to the discount rate is more pronounced. This case is also more sensitive to the 
survival rate as there are more trees per hectare. There is very little effect from the soil 
degradation rate. 

The border plantings showed sensitivities to peanut price, discount rate, and labor rate. The 
case is not sensitive to survival rate and pole prices. 

The roadside planting case only has one real cost, and that is the cost of trees. The option was 
tested for discount rate and found to be sensitive. 

POLICY CONCLUSIONS 

Group vs. individual. Some agroforestry practices fit group needs best and others are best for 
individuals. Groups are often given access to land specifically for the planting of trees. They 
can mobilize group labor and group savings. Technical assistance is often more responsive to 
group demands. Transportation and access to markets can often be provided by the 
membership. Better prices are often paid for larger volumes of trade. Risk is spread among 
participants. Group ownership or stewardship of trees eases cutting permit problems. Block 
plantations should only be done with group participation. If the group is cultivating a common 
field for crops, then any of the agroforestry practices would be recommended over a block 
plantation. 

Individuals are limited by how much land can be set aside for tree planting. For individuals 
this makes agroforestry more appropriate than block plantations. Risk is concentrated on the 
individual, but the opportunity to harvest wood products when needed offers food and cash 
security not available with annual crops. Block plantations are not appropriate for individual 
farmers. 
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Fruit trees give the highest return but require a higher level of inputs and skill to manage than 
is usually seen from the average farmer. This return depends on a high market price for a 
single product. Price reduction from decreased demand or oversupply could drastically reduce 
income. Then, conversion to crops with agroforestry could be done with probable higher yields 
from buildup of soil organic material and fertility levels. Fruit orchards are recommended, but 
only on a scale that the farm family can handle and only in addition to other agroforestry 
practices with crops to guarantee food security. 

Nut orchards offer the advantage of a high value crop with regular income and food security 
from intercropping. Again, as in the fruit case, conversion to crops at a higher level of 
productivity is always an option. Nut orchards are recommended in those areas suited for this 
type of production only on a manageable scale. 

Field trees, windbreaks, live fences, and border plantings are all recommended for the 
individual farmer either with or without reimbursement. The stability and security gain from 
agroforestry practices are non-quantifiable and were not included in the analysis. If these 
benefits are considered in addition to the benefits analyzed, then all practices are more 
desirable than fields with no trees. 

Conservation vs. restoration. It is recommended that agroforestry practices concentrate on the 
best fields first. The total level of benefits will be much higher on non-degraded soils and the 
productive potential will be conserved. These practices should also be used to rehabilitate soils, 
but the returns will be much less and the time to rehabilitate will be longer. 
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Critique of 

COMPARISON OF AGROFORESTRY PRACTICES IN SENEGAL 
USING FINANCIAL ANALYSIS (G. Edward Karch) 

by 

Carlos Reiche (chair), Jim Chamberlain (rapporteur), Wieland Kunzel, Rodrigo Arias, Bertrand 
Zida, N. C. Saxena, T. H. Thomas, Kent Fleming 

PROBLEM STATEMENT AND HYPOTHESIS 

This study provided an ex-ante assessment of several potential agroforestry systems for a 
farming system in Senegal. Readers would have benefited from a clear description of the 
general situation and farming systems in Senegal and from a clearer problem statement. 

METHODOLOGY 

The methodology used in the study-cost-benefit analysis relative to a base case of crops with 
no agroforestry interventions-is appropriate. It is flexible, allowing for examination of many 
agroforestry alternatives. Strong points included the effective use of a well-structured 
spreadsheet and the extensive use of sensitivity analysis. The spreadsheet accommodates many 
alternatives and is accessible to many users. It allows direct integration of biological factors 
into the analysis. 

Many assumptions were not clearly stated. For example, it was unclear why the time frame of 
20 years was selected. It was not clear in the comparative analysis that the rotation length of 
a eucalyptus plantation was 7 years when analysis was carried out for two and one-half 
rotations. 

References are mentioned in the paper, but not compiled. Thus the reader cannot check on 
statements like " ... microclimatic improvements ... will possibly extend about 40 m to the lee side." 

DATA COLLECTION AND FIELD MEASUREMENT 

The data used in the study were incomplete and sometimes weak. There is an urgent need for 
"real" biological data and additional farm management data. The author did an adequate job 
with the available data. But more detailed research might have yielded more reliable results. 
For example, the prices used in the study reflect "official," rather than market prices. 

The author states that data included "projects in other countries." The Validity for the Senegal 
situation of data from other countries needs to be tested and conflfJDed, prior to using it in the 
analysis. 

The author discussed root competition within the windbreak system but does not include it in 
the other agroforestry systems. Root competition may also be a serious problem in live fences, 
as well as field trees and orchards. 
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INTERPRETATION OF RESULTS 

The analysis would have been strengthened by a clearer presentation of the relationship 
between soil fertility and net present value. The sensitivity of NPV to the discount rate aided 
in analysis. 

The analysis of data could be extended. Conclusions about whether agroforestry was the best 
land-use option and which types of agroforestry could be recommended for different types of 
land were not clear, especially to the noneconomist. Many of the tables presented lacked clear 
summaries in the text and were not clearly labeled. 

Consistent use of local and U.S. currency figures is recommended. It would be helpful to have 
some frame of reference, in terms of local incomes and production, from which to judge each 
system. 

It is recommended that financial analysis avoid using internal rate of return (IRR). Too high 
an IRR in the analysis provides a misleading and unrealistic picture. 

Some working group members felt the author should not have included social forestry among 
the agroforestry interventions, since returns cannot be compared to those obtained on the 
farmer's own land. The farmer continues to monocrop in the fields and loses no production 
to trees. Others felt that plantation and fruit and nut orchards should have been evaluated as 
alternatives to the agroforestry systems proposed. 

The author states that Anacardium species is often used in windbreaks but does not indicate 
if the nuts were used in the analysis of the windbreak system. 

LESSONS LEARNED 

The analytical tools used in this study appear to be valuable for analyses of agroforestry 
systems, although they highlight the need for locally relevant assumptions and real data. The 
paper illustrates that presentation of cost-benefit and budget analyses alone are insufficient to 
determine agroforestry investment decisions. Policymakers need more information to determine 
whether agroforestry will be profitable. 
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Williams, Timothy O. International Livestock Centre for Africa (ILCA), Semi-Arid Zonal Site, 
B.P. 12404, Niamey, Niger. 

4. A FRAMEWORK FOR ECONOMIC EVALUATION 
OF SMALLHOLDER AGROFORESTRY: WITH PARTICULAR 
REFERENCE TO THE SEMI-ARID ZONE OF WEST AFRICA 

Abstract. This paper presents a framework for economic analysis of small
holder agroforestry systems in the Sahel of West Africa. The approach 
developed makes use of the technique of investment analysis, but incorporates 
into it a framework that recognizes the special features of some agroforestry 
costs and benefits which may not be quantifiable in monetary terms. The main 
emphasis is to capture and utilize a wider range of information on costs, 
benefits, and indigenous practices than is encompassed by conventional 
valuation techniques. A hypothetical example is used to illustrate the approach 
and how various economic tools and concepts can be combined to help 
determine the profitability of an agroforestry system to both the individual 
farmer and the nation as a whole. 

Key Words: agroforestry, fmancial and economic analyses, with and without project analysis, 
Zizjphus mauritiana 

INTRODUCTION 

Agroforestry has been defmed "as all practices that involve a close association of trees or shrubs 
with crops, animals and/or pasture" (Rocheleau et al. 1988). It is often promoted by scientists 
and planners as a solution to the problem of environmental degradation and as a means of 
raising the living standard of rural dwellers. However, the growing of trees on crop or rangeland 
is not a costless exercise. Since the cycle of production of an agroforestry system is always more 
than one year, resources are tied up which could otherwise be utilized differently. For 
smallholders to adopt agroforestry techniques, they must be convinced that the expected 
benefits and risks associated with such techniques exceed the costs. Economic analysis provides 
a means of evaluating the viability of agroforestry practices. Economic theory and concepts can 
be used to answer three basic questions about agroforestry systems: (1) What inputs should 
be used and in what combination to produce agroforestry products? (2) What is the optimal 
or best production mix for a given agroforestry management option? (3) What are the benefits 
and costs of an agroforestry system? For earlier studies on the use of economics m 
agroforestry, see Etherington and Matthews (1983), Hoekstra (1983), and Betters (1988). 

This paper concentrates on the third question which is related to the overall profitability of 
agroforestry. Benefit-cost analysis represents an appropriate analytical tool to use to measure 
the profitability of an agroforestry system to both the individual farmer and the nation as a 
whole. However, a simple benefit-cost analysis will not capture the range of information needed 
for an appraisal of an agroforestry system at the village level. Thus, an attempt is made to 
provide a broader framework which recognizes (1) the nature of some agroforestry benefits and 
costs which may not always be quantifiable in monetary terms, and (2) the risks involved in 
agricultural production in semi-arid areas. Before discussing the details of this framework, a 
distinction is made between fmancial and economic analysis in order to provide the background 
for subsequent discussion. 
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Levels of benefit-c:ost analysis. Evaluation of the expected returns to a project is essential in 
determining the allocation of limited funds and in demonstrating the viability of a project to 
potential investors. The type of evaluation conducted, however, will depend on the perspective 
being considered. From an individual farmer's perspective, the potential benefits of an 
agroforestry project can be examined by means of a fmancial analysis. This analysis provides 
an assessment of the profitability of a given project compared to other alternative investments 
that might be of interest to the farmer. In contrast, an economic analysis is required if the 
project's effect on society as a whole is being considered. The main differences between the two 
types of analysis concern the prices used and the costs and benefits that are included. 

A fmancial analysis uses the market prices of inputs and outputs. The effects of inflation, taxes, 
and subsidies, as well as depreciation and interest payments, are included in the analysis. In 
contrast, in economic analysis, efficiency (or shadow) prices which reflect the true value of 
resources to society are utilized. These prices are free of distortions created by less than 
perfectly competitive markets or government interventions. Thus, for instance, the wage rate 
for manual labor used in fmancial analysis might be the official wage rate set by government. 
This wage rate may not reflect the true value of unskilled labor. Economic analysis would utilize 
an efficiency (shadow) wage rate based on the opportunity cost of labor. Similarly, tree 
seedlings might be provided to farmers at a subsidized rate in order to promote agroforestry. 
A financial analysis would use the subsidized price, while an economic analysis would use a 
price that removes the subsidy. 

Taxes and interest payments are not included in economic analysis since they represent transfer 
payments between members of society rather than real resource utilizations. Similarly, the 
discount rate used in economic analysis is inflation free and reflects real returns, i.e., the 
opportunity cost of capital, while a nominal or market rate of interest which includes an 
inflation component is normally used in financial analysis. 

Economic analysis considers off-site environmental effects which do not directly affect the 
individual farmer, but which may have a social impact. Financial analysis, on the other hand, 
omits these environmental impacts since they do not constitute direct costs or benefits to the 
individual farmer. 

While monetary estimates are necessary for both fmancial and economic analysis, a sizeable 
proportion of the inputs and outputs of agroforestry projects are not marketable. In most cases, 
the monetary values needed for economic appraisal win have to be estimated by indirect 
valuation methods. 

Physical inputs and outputs. The first step in conducting an economic appraisal is to list, on 
an annual basis, all expected inputs and outputs of a project. Table 1 shows such a list and the 
distribution of inputs and outputs over the project life. The list is comprehensive, and for any 
given project, some specific inputs and outputs may not be applicable. 

Valuation of inputs and outputs (financial analysis level). 

Inputs. Inputs into an agroforestry project can be classified into market and non
market inputs. The former consists of inputs which have identifiable market prices (e.g., 
seedlings, fertilizer, equipment), while the latter include inputs which are not bought or sold 
at market prices and for which direct market values may not exist (e.g., family labor and land 
in some parts of Africa). 
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Table 1. Physical inputs/outputs by year for an hypothetical smallholder agroforestry 
project. 

Input/output 

Input 
Capital (investment) 

Land 
Equipment 
Vehicle 
Skilled labor 

Recurrent (annual) 
Seedlings 
Seeds 
Fertilizer (or manure) 
Labor 
Field preparation 
Planting 
Fertilizer application 
Weeding 
Harvesting 
Tools 

Output 
Direct 

Crops 
Firewood 
Building poles 
Fodder 
Animals 
Fruits, gum, etc. 

Indirect 
Increased crop yields 
Improved vegetative cover 
Reduced erosion 

Unit 

hectare 
no. 
no. 
work-yrs 

no. 
kg 
kg 
work-days 

" 

" 
no. 

kg 
kg 
m3 

kg 
no. 
kg 

kg 

1 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

Project year 
234 

+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ Sign indicates year when an input is utilized or an output is produced. 

5t 

+ 

+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

For fmancial analysis, all market inputs are valued at their market prices. Non-market inputs 
are valued based on the principle of opportunity cost, i.e., the value of output foregone by using 
the input in a project rather than in the best alternative activity. For example, if cropland is to 
be set aside for growing trees, it can be valued in terms of agricultural output foregone. Thus, 
if 5 hectares of millet -growing land is to be set aside for an agroforestry project, to calculate 
the agricultural output foregone, we need to know the output per hectare of millet, 300 kg; the 
market price of millet, CFA franc 6O/kg; and the cost of inputs, CFA 26/kg. (As of June 1991, 
US$1 = CFA 280.) 

If it is assumed that all the land is actually planted with millet, the 5 hectares could produce 
CFA 51,000 worth of revenue each year. This value can then be entered as the annual cost of 
land for each year the project is in operation. 
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Similarly, family labor used in a project can be valued in terms of lost agricultural output. The 
valuation of family or hired labor withdrawn from farm operations will, however, differ 
according to season and/or opportunities for off-farm employment. Usually a distinction can 
be made between off-peak and peak-season labor. In many parts of Africa, peak-season labor 
constitutes an important constraint to greater agricultural production. Thus, an agroforestry 
activity which takes place during the peak season of agricultural production will have a high 
opportunity cost in terms of lost agricultural output. 

A practical approach to estimate the loss of agricultural output during peak weeding period, 
for example, is to assume that the yield of crops is linearly related to the number of hours spent 
weeding in the field during this period. On this basis, if we further assume that: 

- economically active members of the household work 7 hours a day, 7 days per week in the 
field during peak weeding period; 

- an agroforestry activity requires an average of 1 hour per day, 7 days per week from each 
active household member during this period; 

then the loss in agricultural output would be 1/7 or 143% of the crops produced. However, this 
figure may need to be adjusted downward if it is perceived that there is excess labor available 
during peak weeding period. Conversely, if there is a local market for labor, the seasonal wage 
rate for similar categories of labor may be used as an approximation for the value of family 
labor. 

For off-peak labor, and in the absence of a local market wage rate, it can be assumed that such 
labor will have a value equal to ,the average hourly income in the project area. Thus if we 
consider a hypothetical case where: 

- the average income per economically active household member is CFA 54,000 per year 
- each member works 50 weeks per year, 6 days per week 

then for a 5-hour work day, this yields an average hourly income of CFA 36. 

Outputs. Agroforestry projects usually produce both direct and indirect outputs. The 
former may include crops, animals, firewood, fodder, and by-products such as gum and fruits, 
while the latter consists of "other benefits" that may accrue to the farmer adopting the 
agroforestry practice or to others not directly connected with the project. 

For fmancial analysis, direct outputs that are commercially sold are usually valued at their 
market prices. Some direct products such as firewood and fodder, however, may not be 
exchanged commercially either because there is no market or the farmer does not have money 
to purchase these items. In such a situation, the frrewood or fodder produced by a smallholder 
agroforestry project will need to be valued indirectly. Thus, if wood was previously being 
collected from the forest, the frrewood produced by a project might be valued in terms of labor 
time saved in wood collection. The time saved can then be converted into monetary terms using 
the same valuation as for labor inputs into the project. Likewise, the value of fodder might be 
estimated by the increased amount of livestock production. 

Only indirect outputs directly accruing to the farmer are included in fmancial analysis. Thus, 
if by planting trees on a portion of his land a farmer benefits directly from reduced erosion, the 
monetary benefits of such an indirect output could be measured in terms of increased crop 
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yields or by the difference in value between the eroded and noneroded parts of the farmer's 
field. 

Valuation of inputs and outputs (economic analysis level). In valuing inputs and outputs from 
the social perspective, there are a few areas of divergence from the valuation method used at 
the fmancial analysis level. As explained earlier, market prices of inputs and outputs used in 
fmancial analysis may differ from efficiency prices which measure the true value of goods to 
society. In such cases, market prices need to be adjusted to reflect their true value. Such 
adjusted prices, sometimes called shadow prices, are used in economic analysis. 

Talking specifically about agroforestry projects, if the project uses inputs which are imported 
(e.g., equipment, fencing materials) or produces goods (e.g., maize, sorghum, building poles) 
which would have been imported in the absence of the project, border equivalent prices (instead 
of local market prices) should be used at the economic analysis level. The appropriate border 
equivalent price in this case is the cost-insurance-freight (c.i.f.) price adjusted for domestic 
transportation costs. Conversely, if the project uses inputs which would have been exported in 
the absence of the project or produces goods destined for export, the appropriate price to use 
is the free-on-board (f.o.b.) price adjusted for domestic transportation costs. 

Nonmarket inputs such as land and labor need to be valued in terms of their opportunity costs. 
In particular, the economic wage rate for off-peak labor needs to be carefully estimated based 
on information on the level of unemployment, out-migration, and off-farm income opportunities 
in the project area. 

In addition, external costs and benefits need to be taken into consideration in economic 
analysis. In some cases, the costs and benefits involved would only be measurable by using 
indirect valuation methods. For example, the external benefits of a village woodlot project in 
semi-arid areas ~ight include reduced desertification and increased availability of fodder for 
animals. The benefits of reduced desertification might be measured in terms of increased 
agricultural output within the area covered by the woodlot. Table 2 lists the main variables that 
are needed for fmandal and economic analysis of an agroforestry project at the farm level, 
based on the valuation methods discussed here (see also Shaik 1982). 

Having considered the physical inputs and outputs and their valuation, attention is turned in the 
next section to economic measures which can be used to determine the profitability of agro
forestry projects. 

Measures of economic performance. In practice, alternative projects will have different streams 
of benefits and costs over time. Three measures of economic worthiness normally used to 
compare projects are net present value (NPV), internal rate of return (IRR), and benefit-cost 
ratio (BCR). These measures can be used for both fmandal and economic analyses. 

Net present value. The net present value gives the present worth of the net benefit 
(i.e., total benefit minus total cost) stream. To compute this measure a discount rate is needed. 
At one level, the rate to use will depend on the type of evaluation being conducted (i.e., 
financial or economic analysis.) At another level, the rate may be based on the rate of return 
on the investor's best alternative investment or the rate at which funds are borrowed if the 
project is externally fmanced. However, the latter set of considerations may not be applicable 
to a smallholder agroforestry project. This has prompted some researchers (e.g., Hoekstra 
1983a) to suggest the use of the time preference rate based on such factors as the length of 
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time the investor is willing to wait before reaping the benefits of a project, level of risk aversion, 
and current wealth status. Using this approach in a situation where the investor is wealthy, is 
willing to forego immediate for future consumption, and perceives little risk in the investment, 
the time preference rate would be low and the net present value higher. Conversely, a poor 
farmer would most probably be risk-aversed and would certainly prefer present to future 
consumption. These factors taken together would result in a higher time preference rate and 
consequently a lower net present value. In general, given the difficulty in specifying discount 
rates, it might be useful to use a range of rates to determine whether the alternative being 
considered is sensitive to the rate being used. 

Table 2. Summary of data needed for financial (F) and economic (E) analysis of agroforestry 
projects at the farm level. 

Variable Level at which needed 

1. Number of hectares devoted to agroforestry F,E 
2. Number of hectares devoted to crops only F,E 
3. Types of crops and trees planted F,E 
4. Tree survival rates F,E 
5. Number of work-days devoted to crop-related 

farm operations (e.g., land preparation, 
planting, weeding) F,E 

6. Number of work-days devoted to tree-related 
farm operations F,E 

7. Crop-related farm operations occurring at peak 
and off-peak labor demand periods F,E 

8. Tree-related farm operations occurring at peak 
and off-peak labor demand periods F,E 

9. Number of work-days currently spent collecting 
wood (broken down into peak and off-peak periods) F,E 

10. Amount of other inputs (e.g., seed, fertilizer) used F,E 
11. Yield per hectare per crop F,E 
12. Yield per hectare per crop residue F,E 
13. Yield per hectare of fruits, fodder, and firewood F,E 
14. Estimate of increased crop yields as a result of 

agroforestry F,E 
15. Estimate of "external costsjbenefits" E 
16. Extent of underemployment of economically 

active villagers during peak labor demand period F,E 
17. Estimate of off-farm income F,E 
18. Market prices for inputs (e.g. seeds, fertilizer) F 
19. Adjusted (i.e., efficiency) prices for inputs E 
20. Local labor market wage rates F 
21. Adjusted wage rates E 
22. Market prices for outputs F 
23. Adjusted prices for outputs E 
24. Nominal rate of interest F 
25. Opportunity cost of capital E 
26. Rate of inflation F 
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Internal rate of return. The internal rate of return is the discount rate that makes 
the net present value equal to zero. It is the maximum rate of return possible. An important 
advantage of the internal rate of return is that there is no need to prespecify a discount rate, 
but the IRR still needs to be compared to some other discount rate to determine the 
desirability of the project. A disadvantage of the IRR is that it gives a meaningless result when 
the net benefit stream has no negative value. 

Benefit-cost ratio. The benefit-cost ratio is simply the ratio of discounted benefits 
to discounted costs. If the ratio is greater than one, the project is yielding more benefits than 
it costs. The main disadvantage of this measure is that the ratio may be affected by different 
accounting procedures which may change the manner in which costs or benefits are dermed. 

Sensitivity analysis. Farmers in semi-arid areas pursue their livelihoods under highly variable 
environmental conditions. Farm risks associated with weather and price uncertainties pose a 
serious threat because of their impacts on output and household income. In this kind of 
environment, the problem of risk needs to be seriously considered in any economic evaluation 
of a new project. However, the incorporation of risk using a rigorous methodological approach 
will only complicate benefit-cost analysis. 

Sensitivity analysis is a fairly rough-and-ready means of measuring risk. It involves selecting 
certain key variables that affect economic performance such as yields, prices, and discount rates, 
and repeating the analysis for different values of these key variables. How low or high these 
variables should be set will depend on the production and economic environment under which 
the analysis is being conducted. As far as possible, the choice should be based on objective 
measures of the range or variability of the key variables. Also, for ease of interpretation of 
results, the parameters should be varied singly. 

In the next section, the approach discussed above is applied to a hypothetical agroforestry 
project in order to illustrate the steps involved in financial and economic analysis at the village 
level. 

CASE STUDY 

Background. This case study examines the potential role of agroforestry in the extensive 
dryland farming systems found in villages north of Niamey, the capital city of Niger. Some of 
these villages, particularly those in the northern part of Filingue district, have been earmarked 
as sites for future agroforestry activities (Rodrick 1990). This case study represents a simulated 
ex-ante evaluation of the scope for the introduction of a specific agroforestry practice (the 
planting of browse trees in combination with crops) into this zone. 

Physical and socioeconomic environment. Two recent studies, Rodrick (1990) and Shapiro 
(1990), provide information on the farming systems of villages in the district of F'ilingue. These 
villages are situated in the Sahelian zone with annual rainfall of 250 to 300 mm in the northern 
part (i.e., Sahelo-Saharan zone) and between 500 and 550 mm in the south (i.e., Sahelo
Sudanian zone). In this area, the rainy season starts in July and ends in October. The unimodal 
pattern of rainfall allows for only one growing season. Millet and cowpea intercrop 
predominates. Yields are low and highly variable due to irregular rainfall. Purchased inputs such 
as fertilizers and herbicides are rarely used. The main production input is family labor, though 
hired labor is sometimes used, particularly during weeding operations. Average farm size is 
about 12 hectares. This relatively large farm size, by West African standards, is needed to 
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ensure an adequate food production level given the high inter-annual yield variations and low 
soil fertility in this zone. The average household includes about 10 persons. Most households 
in these villages keep animals, particularly sheep and goats. 

Opportunities for off-farm employment involving crafts and petty trade are limited; hence, a 
sizeable proportion of men in these villages migrate each year after harvest to urban areas or 
coastal countries (e.g., to Cote d'Ivoire and Nigeria) and do not return until the following 
planting season. 

A variety of woody tree species are found in the villages. The study by Rodrick details the 
traditional uses of the local tree species. For firewood, the species most preferred by villagers 
is Combretum nigricans, followed by Combretum micronthum, Balanites aegyptica, and Guiera 
senegalensis, in that order. Firewood is not usually bought; rather, most households collect wood 
from forests. Women and childre'l mostly go out to search for frrewood for domestic use. 
Rodrick's data showed that, in general, if the distance travelled to collect frrewood is greater 
than 5 kilometers (or 3-4 hours in travelling time), they go once or twice a week. If it is less, 
they go 3-4 times a week. 

For human consumption, Boscia senegalensis was rated frrst "because (its) fruit can take the 
place of millet during drought when the millet crop fails" (Rodrick 1990). Maerua crassifolia 
came second because "the leaves are eaten to relieve hunger" (ibid.). Two other highly regarded 
species are Cadaba /arinosa, whose leaves are used in flavoring sauces, and Ziziphus mauritiana, 
whose fruits are eaten fresh or dry. Leaves and fruits of the four species mentioned here are 
commonly sold in the villages. 

With respect to fodder, the preferred species in descending order of importance are Acacia 
albida, Maerua crassifolia, Acacia raddiana, Balanites aegyptiaca, and Ziziphus mauritiana. 
Animals feed on the leaves and pods of these trees on a year-round basis. The pods of Acacia 
albida, in particular, are readily sold in most of the villages. 

Going by the physical and socioeconomic features of these villages, it would appear that the 
agricultural and environmental problems facing the villages include declining soil fertility, 
reduced vegetative cover, a significant risk of crop failure due to erratic rainfall and a 
substantial reliance on frrewood as the principal source of energy for domestic use. 

The villagers are not unaware of the potential benefits that they could derive from forestry and 
agroforestry-related activities. To quote from Rodrick (1990:31): 

When the villagers were asked if tree plantations would solve some of their 
problems, most of them responded that for fuelwood it would be useless since 
they would have to wait too long for the trees to grow to a size that could be 
used, and also, they were not allowed to cut live trees. However, a plantation 
of trees for forage and food products was (viewed as) a good idea since these 
trees could be utilized after only a few years and the leaves, fruits and pods 
could be harvested or browsed upon without harming the trees. 

This implies that one solution to the environmental and agricultural problems confronting the 
villagers would be to develop innovative land-use systems that would guarantee household food 
security, while maintaining the future productive capacity of the natural resource base. 

Agroforestry projects involving fast -growing tree species would appear to fit quite well into this 
setting. However, two points seem to be worth emphasizing at this stage. 
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First, since the villagers have expressed clear preferences for certain local tree species, these 
preferences need to be taken into consideration when planning new agroforestry projects in 
order to ensure their success. As others have pointed out (see, for example, National Academy 
of Science 1983), a case can be made for the use of local species since they are already adapted 
to the sites and their uses are well known to the people. Second, agroforestry projects in the 
zone considered here must be able to generate benefits within a relatively short period of time 
if they are to be adopted. This is because the villagers live under precarious conditions which 
favor short-term rather than long-term benefits. Based on these points, an agroforestry project 
consisting of trees dispersed in cropland is proposed. The next section provides some details 
on the project. 

Project description. The proposed project represents an attempt to diversify the existing 
production system through the deliberate planting of fast-growing trees, such as Ziziphus 
mauritiana, in combination with food crops. Although Ziziphus mauritiana has been promoted 
more as a hedge tree by agroforesters, it is actually found scattered in fallows and on croplands 
in the Sahel. Given the aversion of most farmers in the study zone to the establishment of 
hedges around individual arable farm plots, there is some justification for doing more work on 
comparing the productivity of this tree as a hedge and when dispersed on cropland. The trees 
will be interspersed on agricultural land; this way cropland need not be set aside exclusively for 
trees. Nonetheless, the trees will reduce the amount of land available for food crops, but this 
will be compensated for by the production of fodder, fruits, and firewood and improved soil 
fertility. The costs and benefits of the project are analyzed at the individual farm level using a 
1-hectare plot. For the base case, a 10-year time horizon is used. Details of the fmancial and 
economic analyses are presented in the following sections. 

Financial analysis. For the project being examined, fmancial analysis involves a comparison 
of the "with" situation (where fast-growing trees are combined with food crops) and the 
"without" situation (involving the traditional millet-cowpea intercrop). The comparative analysis 
is presented in Tables 3-8. The physical inputs required for a typical1-hectare plot of millet
cowpea intercrop are shown in Table 3, together with expected outputs. Table 4 summarizes 
the unit values used in the fmancial analysis of the millet-cowpea intercrop. Combining these 
unit values with the data on physical input-output in Table 3, the cash flow for a typicall
hectare millet-cowpea farm is derived using a Lotus 1-2-3 spreadsheet (Table 5). 

Table 3. Physical input-output by year per hectare (without project situation). 

Ye a r 
Unit 2 3 4 S 6 7 8 9 10 

Output 
Millet kg US US US US US US US US US US 
COOIpea grains kg SO SO SO SO SO SO SO SO SO SO 
COOIpea bay kg 160 160 160 160 160 160 160 160 160 160 

laput 
Seeds 

Millet kg S S S S S S S S S S 
COOIpeI kg S S S S S S S S S 5 

Labor 
Field preparation wortt-day 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
Planting wortt-day 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
Weeding wortt-day 14.5 14.5 14.5 14.5 14.5 14.5 14.5 14.5 14.5 145 
HalVeSting wortt-day 5 5 S S S 5 S S 5 5 

Total wortt-day 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 24.5 au 
~: Data mllated (rom ICRISA T Weat African Programa' Annual Reports aDd Sbaplro (1990). 
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T ...... V ... ..-,.. ............ "' ............................ 

laput/oUlput Ullil Ullil mile (FCFA) 

I"". 
Millel q 75 

Cowpea reedI q 110 
Labor 
au-peak IIeUOO wo"'-day 400 
PeaIloeuoo wo"'-day 850 

OUlput 
Millel q 6S 
Cowpea graiDa q ISS 
Cowpea b8y q 30 

~ Rcpllblique du Niler. A1muaire SWillique Edilioo 1988-811. aDd Bu1letiD SWillique No. 1284<!me Trimeslre.I990. lor crop prices; _Ie 
neeo came from aD ODJOinl farm IIln'e)' beiDa ooodUl:led by lbe author. 

Table 5. Financial analysis of a traditional millet-cowpea intercrop in Niger (FeFA). 

Yea r 
2 3 4 5 6 7 8 9 10 TOlal 

B...ac. 
Millel 1S300.o 157S9.o 16231.8 16718.7 17220.3 17136!} I8UfiI.0 18817.1 19381.6 19963.0 
Cowpea 7150.0 79&2.5 8222.0 8468.6 8722.7 8984.4 9253.9 9S31.5 9817.5 10112.0 
Cowpea b8y 4800.0 4944.0 5092.3 5245.1 5402.4 SS64.5 S131.5 S903A 6080.5 6262.9 

Tola! beDeliu 27850.0 2868S.5 29546.1 30432.4 31345A 32285.8 332S4A 34252.0 35279.6 36337.9 

C_ 
SeedI 

MiIJeI 375.0 3&2.S 390.2 398.0 405.9 414.0 422.3 430.8 439.4 448.2 
Cowpea 850.0 867.0 884.3 902.0 920.1 938.S 957.2 976..4 995.9 1015.8 

Labor 
Field preparalioD 1000.0 1020.0 I040A 1061.2 1082.4 1104.1 1126.2 1148.7 1171.7 1195.1 
PIaDIiDI 1000.0 1020.0 1040.4 1061.2 1082.4 1104.1 1126.2 1148.7 1171.7 1195.1 
Weedia,1 1%325.0 12571.5 12822.9 13079A 13341.0 13607.8 13880.0 14157.6 14440.7 14729.5 
HaMOIIia, 2000.0 2040.0 2080.8 2122.4 2164.9 2208.2 2252.3 2297A 2343.3 %390.2 

TOOla 2 2858.0 28S8.O 2858.0 2858.0 2858.0 2858.0 2858.0 2858.0 2858.0 2858.0 
IDleresc loregooe 2653 270.6 276.0 281.5 287.2 292.9 298.8 304.8 3109 317.1 

TOIal ...... 206733 21029.6 21393.0 21763.7 22141.9 22527.1 22921.0 23322.4 %3731.6 24149.0 

Nel beoeliu 7176.7 76559 8153.0 &668.7 9203.6 9758.2 10000A 10929.8 11548.1 12189.0 
DlaooUDI faclor (15%) 0.8696 0.7561 O.6S7S 0.5718 0.4972 0.43%3 037S9 03269 0.2843 0.2472 
NPV 6240.8 5788.6 S360.6 4956.8 4516.0 4218.5 38843 3S73.o 32&3.1 3013.1 ~.8 

PV 01 beDelil stream 24218.4 21689.1 19426.5 17401.3 lSS84.9 13957.1 12S00.3 11l97.o 10030.0 8982.7 154987A 
PV of alii llream 17977.5 1S900.5 1406S.9 12444.5 11008.9 9738.7 8616.0 7624.0 6746.9 S9C!9.6 lOO92.S 
B/C neio 1A1 

I Weediaa lalleo place duriDa peak-leUOD; be""". peak-leUOD -ae rale is uaed. orr-peak IIeUOD -ae nee uaed ia aU OIber cueo. 
2 A1mualized alii of loola al 15'11> over 10 yean. 

N at JUDe 1991. USSI a FCFA 280 

Table 6. Physical input/output by year on a l-ba plot (with project situation). 

Yea r 
Ullil 2 3 4 5 6 7 8 9 10 

Oulput 
Crop" aDd residues (base) (0.85 ba) 

MiIJeI q 192 192 192 192 192 192 192 192 192 192 
Cowpea graiDa q 43 43 43 43 43 43 43 43 43 43 
Cowpea bay q 136 136 136 136 136 136 136 136 136 136 

Tren (0.15 ba) 
F .... lwood q/lree 10 
Fodder k&/Iree 1.5 2 2.S 2.S 2.S 2.S 2.S 
Fruil q/lree 5 5 5 8 8 8 10 

IDpul 
Cropo 

SeedI 
Millel q 4.25 4.25 4.25 4.25 4.25 4.25 4.25 4.25 4.25 4.25 
Cowpea q 4.25 4.25 4.25 4.25 4.25 4.25 4.25 4.25 4.25 4.25 
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lAbor 
Field preparalion 

PlaDliJla 
Weedilll 
H..-tillg 

Trees 
Seedlinp 
lAbor 

Field preparalionl 

Planlillg 
WeediDa 
M .... aemelll 
Wood co1leclioD 
Fruil co1leclion 

I For diPa. pePa. elc. 

Unil 

worlr.-day 
worlr.-day 
worlr.-day 
worlr.-day 

No_ 

worlr.-day 
worlr.-day 
worlr.-day 
worlr.-day 
worlr.-day 
worlr.-day 

2 
2 

12 
4 

100 

2 
2 
2 
2 

2 

2 
2 

12 
4 

1 
2 

:I 

2 
2 

12 

2 

Ye a r 
4 .5 

2 
2 

12 
4 

1 
2 

2 

2 

12 

2 

2 

6 

2 
2 

12 
4 

2 

2 

7 

2 
2 

12 
4 

2 

:I 

8 

2 
2 

12 
4 

1 
2 

:I 

9 

2 
2 

12 
4 

1 
2 

:I 

10 

2 
2 

12 
4 

1 
2 
:I 
4 

Table 7. Financial analysis of a bypotbeticall.ba agroforestry project in Niger (FCFA). 

B ........ 
Crops ODd raidu .. (0.8.5 ba) 

Mille! 
Cowpea 
Cowpea bay 

Trees (0.1.5 ba) 
Fue_ 1 

Fodder 
Fruil 

ToWbenelill 

COlli 

Capital COlli 
Lobor 2 

AlIIIuaI COlli 
Seedo 

Millel 
Cowpea 

Lobar 
Field preparalion 
Planlillg 
Weedilll (crapo) 
Weedilll (Irees) 
H..-tiDa 
M"""Jemenl 
Wood co1leclion 
Fruil colleclion 

Tools] 

1nlerest foregone 

Total COlli 

Nel benefill 
Discounl laaor (1.5%) 
NPV 

NPV 01 benelil llream 
PVol..,.. ......... 
RIC .... io 

Yea r 
2 :I 4 .5 6 7 8 9 10 

13056.0 13447.7 13851.1 14266.6 14694.6 15135.5 1.5589.5 16057.2 16539.0 1703S.1 
666.5.0 6865.0 70709 7283.0 7.501.5 7726.6 '19.58.4 8197.1 8443.0 86IJ6.3 
4080.0 4202.4 4328.5 44.58.3 4592.1 4729.8 4871.7 .50179 SI68A S323.5 

17199.0 
720.0 1112.4 1.527.7 19669 20259 2086.7 21493 2213.8 

llOOO.o 6180.0 636.5.4 9600.0 9888.D 10184.6 12000.0 

23801.0 245105.0 2S97O.5 33120.4 3449059 3.5924.2 4004.5.6 41146.9 424843 6246/.7 

4100.0 

318.8 325.1 331.6 3383 34.5.0 351.9 3.59.0 
722.5 737.0 7051.7 766.7 782.1 797.7 813.7 

800.0 816.0 832.3 849.0 8659 8833 9009 
800.0 816.0 832.3 849.0 8659 8833 9009 

10200.0 10404.0 10612.1 108243 11040.8 11261.6 114869 
8.50.0 867.0 8843 902.0 920.1 938.S 

1600.0 1632.0 664.6 6J79 7319 766.5 801.9 
800.0 816.0 832.3 849.0 8659 8833 

800.0 816.0 832.3 1200.0 
28S8 28S8 28S8 28S8 28S8 28S8 28S8 
316.6 291.2 296.6 302.1 307.8 313.5 319.4 

366.1 
829.9 

918.9 
9189 

11716.6 
957.2 

18379 
9009 

1224.0 
28S8 
325.4 

373.5 
846.S 

9373 
9373 

119.509 
976.4 

1174.7 
918.9 

1248..5 
28S8 
331.5 

380.9 
863.5 

956.1 
9.56.1 

121899 
9959 

1912.1 
9373 

1440.0 
1600.0 
28S8 
352.7 

217105.9 1905293 18862.2 200019 20364.4 20734.1 21462..5. 22853.8. 232S3.5 2S442.S 

208S.2 4985.7 6108.2 12118.4 13131.4 14190.0 17.583.2 18392.9 19230.8 37025.1 
0.8696 0.7561 O.6S7S 0.5718 0.4972 0.4323 03759 032fIJ 0.2843 0.2472 

Total 

18133 37f1J.7 4016.1 flJ293 65289 61343 6609.5 6012.6 54673 91.52.6 S6133.6 

206J73 18S3.5.8 17075.6 18938.2 17151.4 1SS30.o 1SQS3.1 13483.6 12078.3 lS442.0 1639853 
18884.1 14766.1 130.59.5 12008.9 10622.4 939.5.7 8443.6 7471.0 6611.0 6289.4 107551.7 

1.52 

I Valued ill lormo 01 Iobor saved iD wood co1leclion. 2O'lI> 01 Iobor saved iI peaIl ...... n Iobor. 
2 111dudeo field preparalion. plantilla. -ilia. ODd manalomenl Iobor lor I ...... Weedinglobor iI valued at peaIl-leUOn wale rate. 
J AlIIIuolized COlI 01 4 maiD tools 01 15% CM:r 10 y ..... 
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In generating the cash flow, it is assumed that the annual rate of inflation in the rural area is 
2%. All costs increase at this rate over the period considered in the analysis. Output prices are 
assumed to increase by 1% above the rate of inflation; thus, altogether, output prices increase 
by 3% annually. A discount rate of 15% is used to convert future costs and benefits to their 
present values. The net present value for the millet-cowpea intercrop is CFA 44,895 and the 
benefit-cost ratio is 1.41. 

Table 6 shows the physical input-output data for the agroforestry project. It is assumed that 60 
trees will be planted within the cropland and they will take up approximately 15% of the land 
area, while millet intercropped with cowpea will take up the remaining 85% of the hectare. 
Compared to the without project situation, additional labor is needed for tree-planting activities 
such as digging, weeding, and maintenance. It is assumed that seedlings will be provided free 
of charge to the smallholders by the government in order to encourage them to participate in 
the project. This represents a cost to society and will be accounted for at the economic analysis 
level. While the figures given in Table 6 for the tree component may not be technically precise, 
they are nonetheless based on a careful review of the literature (see Le Houerou 1980; von 
Maydelll983; National Academy of Science 1983; Booth and Wickens 1988) and seem to be 
quite plausible for a species such as Ziziphus mauritiana. 

In valuing the inputs and outputs, the analysis assumes a price of CFA 12/kg for fodder and 
CFA 20/kg for fruits. These two products are regularly traded in the villages. These prices 
reflect market prices at the village level and are approximated from the data in Rodrick (1990). 
Firewood is valued in terms of the labor saved in wood collection, since firewood is not 
generally purchased. See Appendix 1 for the method used to estimate the value of labor saved 
in wood collection. Other prices and wage rates are as given in Table 4. The net present value 
of the agroforestry project at a 15% discount rate is CFA 56,434 (Table 7). This implies that 
the project will compensate the smallholder 15% annually for deferred consumption and return 
an additional CFA 56,434 in present value. Compared to the without project situation, the 
agroforestry project appears superior. The difference in the net present values of the two 
situations (i.e., CFA 11,539) represents a significant level of income in the farming systems 
described here. However, to confirm the superiority of the agroforestry project, it is necessary 
to examine the impact of changes in key variables on its net present value. 

Sensitivity analysis. Table 8 shows the results of the sensitivity analysis carried out for the with 
and without project situations. First to reflect the high inter-annual yield variations caused by 
irregular rainfall in semi-arid areas, random numbers were generated using the Lotus 1-2-3 
@Rand function. These random factors were used to introduce yield fluctuations as follows: 

Yieldl+ i 

where, t = 
Yield. ( 1 + Random yield factorl+ i) 

project year 1, and 
1, ....... , 9. 

The equation above means that yield, say, in year 2 is equal to yield in year 1 multiplied by a 
random adjustment factor. The generated yield adjustment factors were allowed to range from 
20% to + 10% to reflect closely the situation in semi-arid areas. (See Appendix 2 for an 
example of how the adjustment is carried out.) 

The results in Panel A, Table 8, show that the net present value for the agroforestry project is 
still higher than that of the traditional millet-cowpea intercrop. Indeed, considering the other 
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results in Table 8, it appears that the superiority of the agroforestry project is unaffected by 
changes in key variables. 

Economic analysis results are presented in Tables 9-11. Inflation has been removed from all 
estimates. The real discount rate is 13%, obtained by netting out the annual inflation rate (2%) 
from the nominal rate of interest (15%) used in the fmancial analysis. More precisely, the real 
discount rate, r, is calculated as r = [1 + nominal interest rate/1 + inflation rate) -1]. Using 
the figures in the test, r = 1.15/1.02 = 0.127, or 13% approximately. 

Since cowpea is exported to Nigeria, a border equivalent price of CFA 175/kg is used in the 
economic analysis for cowpea output. Cowpea seeds are valued at CFA 190/kg. The wage rate 
for off-peak labor is taken to be CFA 300, since a certain degree of labor underutilization exists 
in the villages around this period. Prices of the other products remain unchanged. Further, only 
direct costs and benefits are considered. For the agroforestry project, capital costs borne by the 
government (e.g., cost of seedlings, salary of extension agent) have been added (see Table 10). 

The present value of real net benefits for the traditional millet-cowpea intercrop is estimated 
to be CFA 51,855, while a similar figure for the agroforestry project is CFA 50,783. Given the 
small difference between the two values, the implication is that on economic efficiency basis, 
the traditional millet -cowpea inter crop is about as equally profitable as the agroforestry project. 
This result is partly due to some costs (e.g., seedlings, extension agent salary) associated with 
the agroforestry project and partly as a result of the time horizon considered in the base case. 
Moreover, while allowance is made for less than fun germination of trees in the establishment 
year, other costs (e.g., of tree mortality as a result of browsing by animals) are not considered 
here. Nonetheless, the results show that when most of the private and national resources are 
accounted for and a 10-year time horizon is assumed, the agroforestry practice considered here 
does not appear to be more profitable than the traditional crop production system. However, 
Table 11 (Panel C) shows that on a long-term basis the agroforestry project may prove 
superior. Overall, assuming the yield estimates used here are correct, the results seem to point 
to the need for increased tree productivity. 

Table 8. Estimated net present value and benefit-cost ratio under various assumptions. 

A. 

Without project 
With project 

B. 

Without project 
With project 

Sensitivity to yield variations 

NPV 
(FCFA) 

BCR 
(%) 

<----- 15% discount rate;----> 

46,106 
56,884 

1.42 
1.53 

Sensitivity to a 10% fall in output prices 

NPV BCR 
(FCFA) (%) 
< 15% discount rate 

29,396 1.27 
40,452 1.38 
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Table 8. Continued. 

C. Sensitivity to change in time horizon (20-year horizon used here) 

Without project 
With project 

NPV 
(FCFA) 
< 

63,984 
96,825 

BCR 
(%) 

15% discount rate > 

1.45 
1.69 

D. Sensitivity to change in discount rate (20% discount rate used here) 

NPV BCR 
(FCFA) (%) 
< 15% discount rate > 

Without project 36,795 1.40 
With project 43,500 1.49 

Table 9. Economic analysis of a I-ba traditional millet-cowpea intercrop In Niger. 

Yea r 
2 3 4 5 6 7 8 9 10 Toeal 

IIeDdIIa 
Cropo and residues (0.85 hal 

Millet 13300.0 ISJOO.O ISJOO.o ISJOO.o ISJOO.o ISJOO.o ISJOO.O ISJOO.o UJOO.o ISJOO.o 
Cowpea 87SO.o 87SO.o 87SO.o 87SO.o 87SO.o 87SO.o 87S0.o 87S0.o 87S0.o 87SO.o 
C"",," hay 4800.0 4800.0 4800.0 4800.0 4800.0 4800.0 4800.0 4800.0 4800.0 4800.0 

Toeal be .... !il. 288S0.0 288S0.0 288S0.o 288S0.0 288S0.0 288S0.0 288S0.0 288S0.0 288S0.0 288S0.0 

c_ 
Seeda 

Millet 375.0 375.0 375.0 375.0 375.0 375.0 375.0 375.0 375.0 375.0 
C"",," 950.0 9SO.o 950.0 950.0 950.0 950.0 950.0 950.0 950.0 950.0 

lobor 
Field preparalioo 7SO.0 7SO.o 7SO.o 7SO.o 7SO.0 7SO.o 7SO.o 7SO.o 7SO.o 7SO.0 
plul"" 7SO.o 7SO.o 7SO.o 7SO.o 7SO.o 7SO.o 7SO.0 7SO.0 7SO.0 7SO.o 
Weeding I 12325.0 12325.0 12325.0 12325.0 12325.0 12325.0 12325.0 12325.0 12325.0 12325.0 
.w-tina 1500.0 1500.0 1500.0 1500.0 1500.0 1500.0 1500.0 1500.0 1500.0 1500.0 

TIlO1s 2 2644.0 2644.0 2644.0 2644.0 2644.0 2644.0 2644.0 2644.0 2644.0 2644.0 

Total coat 19294.0 19294.0 19294.0 19294.0 19294.0 19294.0 19294.0 19294.0 19294.0 19294.0 

Nelbe .... fi .. 9;556.0 9;556.0 9;556.0 9SS6.O 9SS6.O 9SS6.O 9;556.0 9SS6.O 9;556.0 9SS6.0 
DiacoWlI lador (13%) O.B&S 0.7831 0.61131 0.6133 0.5428 0.48(13 0,4251 0.3762 0.3329 0.2946 
NPV &&S7.1 7483.3 6623.3 .5860.7 5187.0 4SI1J.7 4062.3 3S9S.o 3181.2 281S.2 518S4.8 

PV 01 be .... fil atream 2SS32.3 ~2.4 199959 176113.7 \S659.8 1:w6.7 12264.1 108S3,4 9604.2 8499.2 1S6SS1.7 
PV 01 COlI at ....... 1707S.2 1S109.1 13372.7 \1833.0 10472.8 \1266.9 52019 72S8A 6423.0 684.0 96(JT1.o 
D/C nlio l.so 

I WeediD& lalla plaoe duriDg peak aeuoo; beIIOe. peak.aeuoo .... ae nle iI uaed. Olf.peat RUGO wage .... e uaed in aU otber cues. 
2 ADIIttaIized coat 01 loala al 13% over 10 yean. 
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Table 10. Economic: analysis or a hypotbetic:a11-ha agrororestry project 

Year 
2 3 4 5 6 7 8 9 10 Total ....... 

Crapo aDd raidua (0.&5 ha) 
M"iQet 130S6.0 130S6.0 130S6.0 130S6.0 130S6.0 130S6.0 130S6.0 130S6.0 130S6.0 130S6.0 
Cowpea 7525.0 7525.0 7525.0 7525.0 7525.0 7525.0 7525.0 7525.0 7525.0 7525.0 
Cowpea bay 4080.0 4080.0 4080.0 4080.0 4080.0 4080.0 4080.0 4080.0 4080.0 4080.0 

Trea (0.15 ha) 
Fuelwood1 11070.0 
F_ 720.0 1080.0 1440.0 1800.0 1800.0 1800.0 1800.0 1800.0 
FI'IIil C!OOO.o C!OOO.o C!OOO.O 9600.0 9600.0 9600.0 12000.0 

TOCai beDe1IIa 24661.0 24661.0 25381.0 31741.D 32101.0 32461.0 36061.D 36061.0 36061.0 49531.0 

CollI 
CapiIa\ COllI 

Seed\i!IP C!OOO.o 
Ubor' 4100.0 
Mioceu...eou.f 2000.0 2000.0 2000.0 2000.0 2000.0 1000.0 1000.0 1000.0 1000.0 1000.0 

Almuat_ 
Seeda 

MilJcl 318.8 318.8 318.8 318.8 318.8 318.8 318.8 318.8 318.8 318.8 
Cowpea 1J17:5 1J17:5 1J17:5 1J17:5 1J17:5 1J17:5 1J17:5 1J17:5 1J17:5 1J17:5 

lIbor 
Fidei prepanlioD 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 
Plultlaa 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 
WecdID& (aopo) 10200.0 10200.0 10200.0 10200.0 10200.0 10200.0 10200.0 10200.0 10200.0 10200.0 
Weedlaa (Irea) aso.o aso.o aso.o aso.o aso.o aso.o aso.o aso.o aso.o 
lbnaIinl 1200.0 1200.0 1200.0 1200.0 1200.0 1200.0 1200.0 1200.0 1200.0 1200.0 
MaaqemeDl 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 600.0 
Wood COlJeclioD 900.0 
FI'IIil colJeclioD 600.0 600.0 600.0 900.0 900.0 900.0 1200.0 

Tooll4 2644.0 2644.0 2644.0 2644.0 2644.0 2644.0 2644.0 2644.0 2644.0 2644.0 

Total .... 28470.3 19820.3 1981O.3 :104~.3 :104~.3 194~.3 19720.3 19720.3 19720.3 209~.3 

Nel beoeliU ·3809.25 440.75 SS60.75 113~.75 11680.75 1304O.7S 1634O.7S 1634O.7S 16340.75 2.8610.75 
DiIcouol fador (13%) 0.885 0.7831 0.t931 0.6133 0:5428 0A8Q3 0,A251 0.3762 0.3329 0.2946 
NPV 3371.2 3790.8 3854.2 C943.o 6340.3 Q63:5 6946.5 6147,A S4J9.8 8428.7 S7S25,A 

PV of beoefil llream 21825.0 19312.0 17591.6 19466.8 174:14,A 15591.0 15329:5 13566.1 1~.7 14591.8 166702.9 
PV of .... llream 25196.2 ISS21.2 13737,A 125%3.7 11084.1 9327:5 8383.1 7418.8 6564.9 6161.1 1159~.0 

RIC mio 1.A4 

1 Valued in leMIII 01 Iobor saved in wood ",UeclioD. ~ of Iobor raved is peoIt-seuoD labor. 
2 IDdudel field prepanlioD. planlin .. _in .. aDd manaaemenl labor for I ..... Weedin& Iobor is valued al peoIt·scuon ""'Ie rale. 
3 IDdudel aIuy of exreorioD alen! aDd ocher ""'eorioD mareria1l. 
4 Almualizcd .... 01 10011 a. 13% """r 10 yean. 
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Table 11. Sensitivity of economic analysis results to alternative assumptions. 

A. 

Without project 
With project 

Sensitivity to yield variations 

NPV 
(FCFA) 

BCR 
(%) 

< ----13% discount rate ---- > 

53,272 
51,377 

1.51 
1.44 

B. Sensitivity to a 10% fall in output prices 

NPV BCR 
(%) 

Without project 
With project 

c. 

Without project 
With project 

D. 

Without project 
With project 

CONCLUSION 

(FCFA) 

< ----13% discount rate ---- > 

36,200 
34,439 

Sensitivity to change in time horizon 
(20-year horizon assumed) 

NPV 
(FCFA) 

1.35 
1.30 

BCR 
(%) 

< ----13% discount rate ---- > 

67,131 
85,749 

Sensitivity to change in discount rate 
(20% discount rate assumed) 

NPV 
(FCFA) 

1.50 
1.59 

BCR 
(%) 

< ----13% discount rate ---- > 

40,064 
34,076 

1.50 
1.38 

The preceding discussion indicates the data requirements and the steps involved in conducting 
financial and economic analysis at the farm level. Such evaluations are needed in order to 
determine the benefits and costs of agroforestry projects to individual farmers and to society 
in general. Agroforestry practices are more likely to be adopted if they can be shown to be 
profitable and economically efficient. Economic analysis can provide a useful means of carrying 
out this assessment and in this way can help to ensure the success of agroforestry programs. 
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APPENDIX 1 

The labor saved in wood collection is estimated as follows: 

1. Per capita domestic fuel consumption is assumed to be 270 kg of firewood and residues per 
year. For a household of 10, total fuel consumption will be 2700 kg per year. 

2. It is assumed that half of this requirement (i.e., 1350 kg/year) is met through wood 
collection, while the rest is satisfied through the burning of crop residues. Thus, total labor 
expended in wood collection will be toward collecting approximately 1350 kg of fIrewood per 
year. 

3. Rodrick (1990) showed that villagers spend approximately 4 hours per day, 2 days a week 
collecting wood. This sums up to 8 hours per week. On a year-round basis, this equals about 
416 hours per year. Assuming a 7-hour work day, this is equivalent to approximately 60 work
days per year. Thus given the preceding assumptions, 60 work days are needed to collect 
approximately 1350 kg of fIrewood per year. The labor saved (in work-days) by planting trees 
near the village can now be worked out, given the yield of fIrewood from the planted trees. For 
example, if 600 kg of fIrewood is produced, the amount of labor saved will be approximately 
27 work-days. This can then be converted into monetary terms, using the same valuation as for 
labor inputs into the agroforestry project. 

APPENDIX 2 

The table below illustrates the method used to introduce yield variations into the analysis. 
Random yield factors were derived using @Randfunctionin Lotus 1-2-3. Derived factors were 
allowed to range from -20% to + 10% of the yields obtained in the first year in order to reflect 
yield variations due to rainfall uncertainties. The new yield estimates were then used to 
generate a cash flow table. 

Year 
2 3 4 S 6 7 8 9 10 

Random yield rac:tor 0.06 .o.os 0.08 0.02 0.03 om 0.G4 .o.1S .0.11 

Output (II&) 

Millet 225.0 238.S 213.8 243.0 229.5 231.8 240.8 234.0 1913 200.3 
Cowpea paiDI jSO.O Sl.o 47.5 !WoO SI.O SI.5 Sl.5 S2.G 42.5 44.5 
Cowpea bay 160.0 1111.6 1S2.G 172.8 1632 164.8 171.2 16M 136.G 142.A 
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SECTION B 

ASSESSMENT OF MANAGEMENT 
OPTIONS FOR AGROFORESTRY 





Jabbar, M. A., and J. Cobbina. International Livestock Centre for Africa, Humid Zone 
Programme, PMB 5320, Ibadan, Nigeria. 

5. OYfIMUM FODDER-MULCH ALWCATION OF TREE FOLIAGE 
UNDER ALLEY FARMING IN SOUTHWEST NIGERIA 

Abstract. Previous economic analyses found alley cropping more profitable 
than conventional farming. One study that also compared alley farming with 
small ruminants found it less profitable than alley cropping. The present 
study shows, on the basis of more recent experimental data, that crop 
response to mulching is the most important determinant of whether or not the 
use of prunings for feeding animals is economic. At low crop yields and low 
crop response to mulching, feeding part of the tree foliage to small ruminants 
is economically gainful, but at high crop yield levels and higher crop response 
to mulching, the use of pruning for feeding animals is uneconomic. 

Key words: fodder-mulch, livestock, leucaena, gliricidia 

INTRODUCTION 

Alley cropping is an agroforestry system in which food crops are grown in alleys formed by 
hedgerows of trees and shrubs, preferably legumes. The hedgerows are periodically pruned, 
and the pruning is applied as mulch for improving soil fertility, controlling erosion, and 
increasing crop yields. Thus, alley cropping may eliminate, or at least drastically reduce, the 
need for long periods of fallow for fertility restoration as practiced under the traditional bush 
fallow slash-and-burn cultivation system (Kang et al. 1990). 

Although crops overwhelmingly dominate the farming system in the African humid tropics, 
livestock, particularly small ruminants, are an integral and important component of the system, 
accounting for 10-20% of farm income. Poor quality and inadequate quantity of feeds, 
particularly during the long dry season, is one of the major constraints to small ruminant 
production. To overcome this constraint, leguminous trees might be used as a source of 
protein-rich feed for animals. Relative profitability from mulching or from feeding animals will 
depend on crop response to mulching and animal response to feeding tree foliage. 

A number of economic analyses of alley cropping with leucaena found alley cropping more 
profitable than conventional farming (Ngambaki and Wilson undated; Raintree and Turay 1980; 
Verinumbe et al. 1984; Ehui et al. 1990). In one economic analysis with Nigerian data, Sumberg 
et al. (1987) compared a conventional fallow system with alley cropping and with alley farming 
using small ruminants. They found that alley cropping was more profitable than conventional 
fallow farming, but alley farming was inferior to alley cropping. On the basis of more recent 
experimental data now available, it seems some of the crop and animal response parameters 
used in Sumberg et al.'s analyses were unrealistic, which might have contributed to the poor 
performance of alley farming. 

The objective of the present paper is to use some of the recent agronomic and animal nutrition 
trial data to reassess whether it is economic to add small ruminants to alley cropping; it will not 
give a full economic analysis of alley cropping and alley farming. More specifically, it will be 
assessed whether, and how much, tree foliage may be fed to small ruminants to enhance farm 
returns. 
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MATERIALS AND METHODS 

During 1985-87 separate on-station trials were conducted with Leucaena leucocephala and 
Gliricidia sepium to assess the effect on maize yield of different proportion of prunings applied 
as mulch. Maize was grown in two seasons each year, and trees were pruned thrice during each 
season. Five treatments with three replications were applied: 0, 25, SO, 75, 100 percent of each 
pruning was applied as mulch. Any remaining pruning could be used as fodder. In all cases, 
surface mulching was practiced. 

Similar trials were conducted on-farm during 1988-90 in two villages about 70 km from Ibadan, 
using leucaena and gliricidia in alternate rows in each plot. Three treatments with three 
replications were applied: 0, SO, and 100 percent of each pruning as mulch in each of two crop 
seasons each year. All plots also received a basal application of 30 kg N/ha with the first crop 
every year because the farms were of very poor fertility. Prunings were incorporated into the 
soil by putting them between ridges and cutting half of two adjoining ridges to cover it. 
Planting crop on ridges and incorporation of crop residues in the above manner is a common 
practice in the research villages. Leucaena and gliricidia were combined mainly because 
leucaena as a single source of feed supplement might cause toxicity in animals if eaten in large 
quantities, due to high mimosine content. A 1:1Ieucaena:gliricidia combination was expected 
to minimize the toxicity problem. 

It should be further mentioned that five farmers participated in the researcher-cum-farmer 
managed trial, and each farmer was treated as equivalent to a block in on-station trial. For 
convenience, equal-sized fields were chosen for monitoring. The fields were located quite apart 
from each other and had more differences in fertility than one would expect in a station trial, 
so wide variability in yields between farms could be expected. 

In order to test the effect of applying a different number of prunings as mulch, rather than 
different proportions of each pruning, another set of on-station trials was conducted with 
leucaena in a previously established plot. Maize was grown in two seasons each year, and in 
each season trees were pruned thrice. Four treatments with three replications were applied in 
each season: no pruning applied as mulch, only rust pruning 'applied as mulch, rust and second 
pruning, and all three prunings applied as mulch. 

Each mulching option in the above three sets of trials yielded the amount of tree foliage 
available for fodder, the amount of maize grain harvested, and the amount of grain lost due 
to diverting pruning for feed. The quantity of available fodder from each mulching option was 
then converted into potential livestock output under the assumptions that each kg of leaf dry 
matter fed to small ruminants would give liveweight gain of SO g or 60 g. The assumptions 
were made on the basis of results from various types of trials conducted by ILCA on animal 
response to tree foliage supplementation (see ILCA 1989, 1990). 

Then for each mulching option the value of lost maize grain was compared with the value of 
potential animal liveweight gain. It was assumed that inputs and costs would not change as 
mulch-fodder allocation was changed. Such an assumption appeared realistic in view of the fact 
that, apart from family labor, both crop and livestock were low-input operations in the Ibadan 
area. Labor would be required for pruning irrespective of whether it was used for mulch or 
for fodder. Any difference in labor needs between mulch-fodder allocation options considered 
above would be insignificant. 
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RESULTS AND DISCUSSION 

The effects of applying varying proportions of prunings as mulch from separate leucaena and 
gliricidia trials are shown in Table 1. Average maize yield was consistently lower at all levels 
of mulch application with gliricidia than with leucaena. This is consistent with the fact that tree 
productivity (mulch) was also lower for gliricidia. While the leucaena trial gave foliage output 
of 7.41 t DM/ha (3.34 and 4.07 t/ha in first and second seasons, respectively), the gliricidia 
trial gave 3.63 t M/ha (2.26 and 1.38 t/ha in first and second seasons, respectively). 

Average yearly maize yield increased by 49% with 50% of the leucaena prunings applied as 
mulch and by a further 19% when all the leucaena prunings were applied as mulch. In the case 
of gliricidia, corresponding maize yield enhancement was by 45 and a further 41%, respectively. 
The higher yield response from the second 50% of mulch in gliricidia may be partly explained 
by the fact that the actual weight of mulch applied was lower in gliricidia, so a higher response 
could be expected. 

Table 1. EtTect on maize gain yield or ditTerent proportions or prunings applied as mulch in 
separate leucaena and gliricidia trials (averages ror 1985-87). 

Maize grain yield 
Trial and % foliage 1st 2nd 
applied as mulch season season Total 

-t DM/ha-
Leucaena trial 

0 1.52 1.13 2.65 (100) 
25 2.01 1.40 3.41 (129) 
50 2.29 1.65 3.94 (149) 
75 2.26 1.74 4.00 (151) 

100 2.58 1.88 4.46 (168) 

Gliricidia trial 
0 1.22 0.57 1.79 (100) 

25 1.74 0.83 2.57 (144) 
50 1.67 0.92 2.59 (145) 
75 1.97 0.97 2.94 (164) 

100 2.15 1.18 3.33 (186) 

Source: On-station trials, ILCA, Ibadan. 
Figures in parentheses are indices. 

The on-farm trial, where leucaena and gliricidia were combined, gave foliage yield of 7.21 t 
DM/ha (comparable to the on-station leucaena trial), but maize yield was 60% of the 
on-station leucaena trial and 82% of the gliricidia trial (Table 2). The inherent poor fertility 
of the soil might be responsible for the low yield. Yield response to different rates of mulching 
shows that the first 50% of mulch enhanced maize yield by 38% and the second 50% by a 
further 23%. 
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Table 2. Effect on maize grain yield of different proportions of mixed leucaena and g1iricldia 
prunings applied as mulch on-farm (average for 1988-90). 

Treatment 
each season 

-% pruning as mulch-

o 
50 

100 

Maize grain yield 
1st 2nd 

season 

1.43 
1.91 
2.12 

season 

-t DM/ha-

0.26 
0.42 
0.60 

Source: On-farm trials, Owu-lle and Iwo-Ate, Oyo State, Nigeria. 
Figures in parentheses are indices. 

Total 

1.69(100) 
2.33(138) 
2.72(161) 

The trial on the effect of number of prunings applied as mulch shows that maize grain yield was 
increased by 55% by the rust pruning mulch and by another 20 and 15%, respectively, from the 
second and the third prunings as mulch (Table 3). 

Table 3. Effect on maize yield of mulcbing with leucaena foliage from different prunings. 

Maize grain yield 
Treatment 1st 

each season season 

-number of prunings 
as mulch each season-

None 1.94 
(100) 
First pruning 2.91 
(155) 
First two prunings 3.34 
(174) 
All three prunings 3.49 
(188) 

Source: On-station trials, ILCA, Ibadan, 1988-90. 
Figures in parentheses are indices. 

2nd 
season 

-t DM/ha-

0.74 

1.24 

1.33 

1.56 

Total 

2.68 

4.15 

4.67 

5.05 

The above experiments indicated that, in a farming system where small ruminants are a minor 
enterprise, farmers may use 50% or more of all prunings in both crop seasons as mulch. and 
use the remainder as fodder: the return from better-fed animals will be greater than the value 
of the maize forgone. This will allow year-round forage supplementation, but at a lower rate 
during the second season, which includes the critical dry period. This option may not give the 
greatest potential benefit from the system because crops need more nutrients at early stages 
of growth and require less as they approach maturity. Therefore, by applying only 50% of each 
pruning as mulch, the potential benefits of early prunings are lost in reduced early crop growth 
and yield while those of latter prunings are wasted because plants do not need them all. Only 
the second season crop may benefit from residual effects. 
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A better strategy may be to use all first-season prunings as mulch and all second-season 
prunings as fodder. In this case a slightly higher amount of maize grain may have to be 
forgone, so returns from animals have to be higher to at least that extent. This option will 
allow only second-season forage supplementation, but at a higher rate than the first option, so 
it may be more useful from an animal productivity point of view. In this option, also, crop 
response from the first-season third pruning may be negligible because the crop is approaching 
maturity by that time. The third pruning may, therefore, be used as animal feed if return from 
animals is competitive with the loss of crop. 

The economic implications of various fodder-mulch allocation options, calculated under a range 
of assumptions, are shown in Table 4. The results indicate extra returns from various fodder
mulch allocation options compared with 100% mulching. It appears that at a given level of tree 
productivity, if maize yield and yield response is low, economic gains could be made by feeding 
small ruminants with part of the foliage. Further, it was observed that using 50% of first-season 
foliage as mulch and the remainder as fodder gave the best returns. Recall that the first 50% 
of mulch, or the first pruning as mulch, gave the biggest increase in maize yields. At low maize 
yield leve~ feeding animals would be economic even when animalliveweight gain was only 30 
g per kg feed. On the other hand, economic gains would be considerably larger if animal 
response was 60 g or more per kg feed. On-station and on-farm trials on feed supplementation 
showed that West African Dwarf Goats (WAD) gain 30-50 g per kg feed while WAD sheep 
gain 40-70 g per kg feed (ILCA 1989, 1990). 

Table 4. Estimated extra returns from small ruminants under ditTerent fodder-mulch 
allocation of prunings from one ba of alley farm. 

% pruning 
applied as mulch Extra returns from small ruminants 

1st 2nd (Naira) 
season season Situation 1 Situation 2 Situation 3 

100 100 0 0 0 
100 50 46 2{)7 432 
100 0 216 72 -698 
50 50 389 -945 2{)5 
SO 0 545 -1173 -898 
0 0 -611 -2237 -3722 

Assumptions: 
Yearly tree productivity (t DM/ha) 7.30 7.30 7.30 
Yearly maize yield (t DM/ha) 

100% mulch 2.70 3.50 4.50 
0% mulch 1.70 1.80 2.50 

Animal response 
g Iiveweight/kg foliage SO 60 60 

Price of maize (N /kg) 5.50 5.50 5.50 
Price of small ruminants (N/kg Iiveweight) 14.00 14.00 14.00 

~: The pruning application options shown do not represent any graduated or otherwise 
scale, so the extra returns do not show a regular trend or pattern. N 9 = US$l in 
January-February 1991. 
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When maize yield and yield response to mulching are higher, little or no economic gains can 
be obtained by feeding animals unless animal response is correspondingly very high (situations 
2 and 3 in Table 4). If tree productivity is low, animal response has to be very high in order 
to be competitive with crop. 

Thus, it appears that tree productivity, base crop yield (without mulching), crop response to 
mulching, and animal response to feeding are the main determinants of whether feeding 
animals is economic. Among these variables, crop response to mulching is probably the most 
important determinant under smallholder farming where crop is a predominant enterprise. 

CONCLUSION 

Trials on crop response to different proportions or different numbers of tree prunings applied 
as mulch indicate that several fodder-mulch allocation strategies may be adopted by crop
livestock farmers. Application of 50% of each pruning or the first preplanting pruning as mulch 
gave the biggest increase in maize crop yield. The remaining prunings gave less response in 
crop yield so those may be used as feed if returns from animals are competitive. 

An economic analysis shows that, at low crop yield levels, feeding small ruminants with part of 
the pruning was profitable. Using 50% of the rust-season prunings as mulch and feeding the 
rest gave the highest total return from crop and animal. At higher yield levels, feeding animals 
was not profitable or only marginally profitable. 
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6. BIO-ECONOMIC MODELING OF AGROFORESTRY SYSTEMS: 
A CASE STUDY OF LEUCAENA AND MAIZE IN WESTERN KENYA 

Abstract. This paper illustrates how a bio-economic simulation model and 
information from a wide variety of sources can be used to provide an 
assessment of physical and financial performance of an alley cropping 
agroforestry system in Eastern Africa. The structure of the model is described, 
as is the climatic and topographic features of the area to which it is applied. 
The model is used to generate outputs of maize and green and woody biomass 
under a range of hedge spacings and rainfall levels. These are then combined 
with data relating to input requirements and input and product prices to 
determine gross margins and net benefits per hectare from polycultural as 
opposed to monocultural options under various rainfall and hedge-spacing 
scenarios. The polyculture option is seen to have a significant advantage over 
maize monoculture, though this diminishes rapidly as optimal rainfall 
conditions for the monoculture are approached. Under conditions where the 
differences in the performance between the two options are marginal, other 
factors such as varying assumptions relating to labor productivity can have a 
significant impact. The paper then undertakes an inter-temporal analysis to 
evaluate the economic implications for sustainability of two management 
options, namely total incorporation and total extraction of biomass for sale as 
fodder over a long time period. The analysis suggests that both options are 
viable ones at the chosen discount rate, though if the farmer can utilize or sell 
the hedge loppings as animal fodder, the extraction option could be attractive. 
The paper ends by discussing some methodological implications of bio
economic modeling for research and extension purposes. 

Key words: bio-economic modeling, maize/leucaena alley crop, multi-time period analysis 

INTRODUCTION 

The alley cropping agroforestry system now boasts some 20 years of literature. It reflects 
considerable research effort into species selection, provenance trials, and yield levels of crop 
and tree components on various sites. Despite the plethora of publications that have emerged, 
it is still virtually impossible to determine how an agroforestry system is likely to perform 
physically under an untried set ·of site conditions. Without this capability, it is equally 
impossible to determine the likely financial outcome from investment decisions. 

This paper illustrates how a bio-economic simulation model and information from a range of 
published and unpublished sources can be used to provide an assessment of physical and 
financial performance of an agroforestry system in Eastern Africa. The system selected for 
appraisal is alley cropping with leucaena (Leucaena /eucocepha/a [Lam.] de Wit) and maize 
(Zea maize). 
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Analysis on this type of system provides a starting point for both research stations and extension 
agents (Thomas 1990; Wojtkowski and Cubbage 1991). To be effective, analytical techniques 
must be capable of dealing with a wide range of variability. Yield variability results from the 
climatic difficulties in sites. This is aggravated by the hedge layout and management practices 
used in this type of system. There is also a wide range of variability in labor and price data 
which varies greatly from farm to farm. In the Western Kenya case presented here, two distinct 
but interlinked processes were used: a biologically based model is combined with financial data 
to give estimates of yields which are then used to conduct a full financial analysis. 

The paper begins by explaining the major components of the model. This comprises growth 
functions for leucaena and production surfaces for the maize crop as a monoculture, and as a 
polyculture under a range of rainfall levels and soil types. The model is then used to generate 
output levels on the basis of differing management practices, which, when combined with data 
on inputs, costs and prices, provide the rudiments for economic appraisal. A number of case 
studies are then developed from within the model itself to illustrate the significance of site 
variability in terms of rainfall to the system's performance. 

THE MODEL 

The modeling approach. The modeling approach follows a series of steps. The first requires 
the identification of inputs and outputs within the system. These are then quantified, scheduled 
in time as and when they occur, and valued. If multiple production periods are involved within 
the system, discounted cash flow analysis is used to compare net present values (NPV) per unit 
area from monocultural and polycultural options. 

Some assumptions. The following assumptions are made. 

(1) The analysis is confined to 1-ha cells of land apportioned in varying fractions between the 
tree and crop component. 

(2) The analysis is conducted for a specific rotation length, though this of course can be varied 
to determine optimum rotation length. 

(3) It is assumed that the area of agroforestry within the farm is not sufficiently large to justify 
an alteration in fIXed costs. 

(4) Contractors' charges are used if specialized operations such as timber felling, cross cutting, 
and extraction are involved. 1 

(5) In the case study illustrated below, the analysis is conducted throughout in 1990 Kenyan 
factor and product prices. Inflation is assumed to affect both prices and costs equally. 
Sensitivity analysis enables scenarios which postulate changes in relative product and input 
prices to be explored. 

1 This is obviously not relevant in this particular application. 
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Modus operandi. The model is one of four being currently developed by the BEAM Project 
at Bangor. The modeling approach is based on sensitivity analysis rather than optimization as 
a prime objective? The model is operationalized by the use of a computer spreadsheet 
package, QUATTRO PRO. This enables the user to perform either an ex-ante or ex-post 
analysis to provide a projected or actual appraisal of the performance of the system on a 
particular site. 

When used in an ex-ante mode, the user is utilizing existing biological functions within the 
model which describe yield responses, interactions, and input requirements. These effectively 
represent the "default" values within the model. In addition, however, the user will also be 
given a library of material relating to, for example, labor requirements for planting, weeding, 
and harvesting under a range of site conditions. Those functions considered most appropriate, 
when coupled with projected product, factor prices, and discount rates, can be used to 
determine the system's likely economic performance on that site. 

When used in an ex-post mode, the user may utilize the functions within the model or 
alternatively adjust the functions in respect of physical yields, input levels, and product and/or 
factor prices actually experienced "on site." 

Some structural aspects. Figure 1 presents a schematic view of the alley cropping model, 
which comprises three pathways. On the left hand side GROWER provides a physical estimate 
of the yield of arable crop(s) in the system on the site in question. Values for physical yields 
for the monoculture are regarded as exogenous to the model. They can be viewed, in effect, 
as most likely estimates from primary or secondary sources for the site in question, but both 
must be consistent with each other in terms of implied production intensity. The "maize" version 
of the CERES model (Jones and Kiniry 1986) is currently being used to generate a library of 
yield responses consistent with a range of site factors giving rise to variations in soil moisture 
availability to the crop. The user has the facility to utilize this information. GRAZER provides 
an option to indicate the number of livestock that can be supported from a given area of 
maize/leucaena polyculture. The methodology can be applied to livestock production in general 
and, for illustrative purposes, an example is developed here in terms of dairy cow numbers. It 
assumes a given lactational yield and calculates the metabolizable energy required per cow to 
sustain this level of production. GRAZER does this after having accounted for the feed values 
of sources of dry season grazings and amounts of fed concentrates, both of which are regarded 
as constants. The residual is provided by maize straw and hedge prunings, both of which are 
a function of the spatial array of hedge and crop selected. FARMER attaches input levels 
consistent with output levels achieved. AGVAL then attaches product and input prices to 
outputs and inputs and F ARMV AL is used to determine gross margin per unit area. 

HEDGE represents the growth model for the hedge component within the system, which 
comprises outputs of woody and green biomass produced at a given cutting height and 
frequency. Increased frequency of cutting normally has the effect of increasing the production 
of total biomass and also increases the proportion of green to woody biomass produced from 

2 Largely since so many parameters and functional relationships are either not known, or 
not properly understood. Optimization is an option which can be pursued through successive 
iterations. 
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the hedge. FORVAL attaches prices to the respective fraction of green and woody biomass 
produced. The latter will vary in quantity and composition depending on management practice 
adopted in respect of the hedge, particularly in terms of cutting height. 

BEAM I 

Figure 1. The BEAM Alley Cropping Model: a schematic view. 

The polyculture option is traced through SYMBIO, MODIFARM, and MODIHEDGE. These 
effectively modify the output levels from GROWER, GRAZER, and HEDGE, after having 
encompassed above- and below-ground interactions between hedge and crop. Figure 2(A) 
presents this in schematic form. The maize yield as a monoculture derived from GROWER 
is presented for a range of soil moisture availability conditions. The lines AB can be thought 
of as the center line along a wide "alley." Movement away from this point in the direction of 
either hedge will give rise to either a one- or two-way competitive or complementary interaction 
between the tree and crop component. Figure 2(B) presents these possibilities in cross
sectional form. 

The two major interactions included so far are competition for light and water between hedge 
and crop. They are primarily "one way" competitive relationships. Notwithstanding the fact that 
more hedge implies less physical area for maize, hedge height at any given spacing determines 
light availability to the crop. Similarly at any given hedge height, rainfall level, and soil type, 
the spacing between the hedges will also have a significant effect on the production of maize. 
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Figure 2(A). A schematic view of modeling interactions at the hedge/crop interface. 
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Figure 2(B). A cross-sectional view of interactions at the hedge/crop interface in Figure 
2(A). 

THE MODEL IN ACTION 

This section describes an application of the model. A brief description of the various trial sites 
is presented. 

The sites. The study area comprises four sites found within the Maseno district, some 35 
kilometers east of Kisumu in the transitional zone above the shores of Lake Victoria in Western 
Kenya. These sites are called Nyadeda, Nyasanga, Abayo, and Bondo. 

The population density around Maseno varies from below 150 persons per square kilometer to 
as high as 700 persons per square kilometer, this being largely a function of soil fertility and 
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its consequent crop production potential at various locations. Farm sizes range from 10 ha to 
as little as half a hectare of arable land, often supporting families of 6 to 10 members. 
Agroforestry practices are seen as a low-cost solution in some instances to farming problems, 
providing good-quality protein-rich fodder for livestock, especially in the dry season, and 
providing cash income from the sale of poles, timber, and fuelwood. 

The area is heavily influenced by the Intertropical Convergency Zone (ITCZ), which is 
characterized by a bimodal rainfall regime in the region. This also gives rise, in this particular 
case, to bimodal agricultural growing seasons, with a first "long" rainy season from March/April 
to June/July followed by a second "short" rainy season from September to November. Most 
farmers expect to harvest twice a year, with the major proportion of the annual food crop being 
derived from the first rains. The mean annual rainfall in the Maseno area is about 1,750 mm, 
though this is subject to large annual variations; indeed, levels as high as 2,377 mm have been 
recorded. Moreover, the proximity of Lake Victoria and other topographical features combine 
to produce sudden increases in wind speed and short bursts of torrential precipitation, often 
highly localized but giving rise to severe soil erosion problems. 

The soils in the Maseno area comprise a mixture of Nitosols, Alfisols, and Acrisols. The 
texture of most soils can be described as light to medium, with soil depths in excess of 1.5 m. 
They are fairly acid and highly deficient in P and N. A more detailed description of the 
physical characteristics of the area is contained in Soil Map of the World (FAO/UNESCO 
1977). Mean annual day temperature is 20° C with average maximum daily temperature not 
exceeding 3e C and average minimum night temperatures not dropping below 15° C. In 
Maseno, average potential evaporation is estimated at 1,738 mm per year. Table 1 lists 
locations, altitudes, soil types, and potential for agroforestry "on farm" research sites in Western 
Kenya as currently envisaged by the Kenya Forestry Research Institute (KEFRI). No economic 
appraisals have been undertaken to date. 

Table 1. KEFRI agroforestry researcb sites • Western Kenya. 

Site Annual rainfall Soil type Altitude Potential 
(mm) (m) 

Nyabeda 1126 Nitosols 1500 High 
clay 
loams 

Sigomre 1028 AlfISOls 1500 Medium 
sand Transitional 
gravel 

Nyasanga 1265 Nitosols/ 1400 Medium 
AlfISOls 

Abayo 871 Alluvium 
deposits/ 1250/ Medium 

Alfisols 1300 Marginal 
subhumid 

Bondo 1095 Alfisols/ 1200 Marginal 
Acrisols subhumid 

Source: Kenya Forestry Research Institute. 
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Physical yields for tree and crop. The physical yield data for tree and crop components, both 
as monocultures and polycultures, are generated from functions within the model. Monoculture 
maize yields under a range of rainfall levels, and soil types are presented in Table 2. 

Table 2. Monoculture maize yields • the effect of rainfall. 

Soil type 900 

Sandy loam 268.3 

M a i z e y i e Ids (kg/ha) 
Rainfall (mm) 

1000 1100 1150 1200 

1678 2436 2216 1785 

1300 

792 

Similarly, green and woody biomass production from the Leucaena leucocephala hedge under 
a range of rainfall levels is presented in Table 3. 

Table 3. Biomass production from Leut:IIeIUI1eut:ocepIuIltJ under various levels of ralnfall.1 

Biomass (kg/ha)2 
Rainfall (mm) Green Woody Total 

900 
1000 
1100 
1200 
1300 

2987.3 
2530.1 
2073.0 
1615.8 
1158.7 

~: BEAM Alley Cropping Model. 
1 Assumes soil type is sandy loam. 

6948.6 
5885.3 
4821.9 
3758.6 
2695.2 

9935.9 
8415.4 
6894.9 
5374.4 
3853.9 

2 Cutting frequency of 2 loppings per year, cutting height of 0.5 m, hedge space 4 m. 

Table 4 illustrates how maize yield can be expected to vary under a range of rainfall levels and 
hedge spacings. For purposes of brevity, the result of above- and below-ground competition 
effects on maize yields are aggregated in the table.3 

Factor requirements. Table 5 presents parameters that summarize physical characteristics for 
a typical site and provide a description of the system. Operations are identified, such as 
pruning, harvesting, and weeding. Other parameters indicate the proportion of biomass 
incorporated into the alleys, potential decrease in annual production from the maize 
monoculture, and a discount rate for multiproduction period analysis. Output values are 
expressed in physical terms as a function of site and system descriptors. 

3 There are additional underground interactions in operation, particularly in terms of 
nutrient flows. However, the major focus of interest in terms of economic viability concerns 
the competition for water and sunlight between hedge and crop. This is especially the case 
under East African conditions. 
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Table 4. Maize production levels at various rain rail levels and bedge spacings - Western 
Kenya.' 

Yield of maize per adjusted hectare (kg) 
Hedge spacing (m) 

Rainfall (mm) 1 2 3 4 5 

900 262.80 330.29 403.89 442.22 492.80 
1000 697.28 926.97 1188.76 1346.10 1463.30 
1100 1035.30 1377.78 1618.00 1762.09 1872.39 
1150 1038.01 1363.42 1548.07 1646.50 1720.61 
1200 92335 1080.60 1227.13 1295.08 1361.92 
1300 450.04 427.81 479.16 52032 578.08 

~: BEAM Alley Cropping Model. 
, Soil type: sandy loam. 

Table 5. Leucaena and maize In Western Kenya - some site and system descriptions. 

Site values: 
Rainfall (mm) 1300.00 (Range 900-1300 mm in 50-mm steps) 
Soil type (no.) 1.00 
Hedge spacing (m) 4.00 (Range 1-6 m in 1-m steps) 

Operations (no.) Pruning Month Value Biomass 
Prunings (hedge) 2.00 1.00 10.00 22.77 3211.59 
Harvests (maize) 1.00 2.00 2.00 66.55 642.32 
Weedings/harvest 1.00 
% Incorporation 100.00 Harvest yield (kgjba) 
Discount rate 5.00 Green biomass 1158.70 
Mono drop (%) 20.00 Woody biomass 2695.21 

Maize polyculture 520.32 
Maize straw 718.54 
Maize monoculture 792.99 
Maize straw 1095.08 

~: BEAM Alley Cropping Model (spreadsheet interface). 

Table 6 presents price, yield, and revenue data for the maize component of the polyculture. 
A monoculture result is presented for comparative purposes. Data relating to prices are based 
on current values expressed in Kenyan shillings (Ksh); polyculture revenues will vary depending 
on hedge spacing. Prices for maize have recently been deregulated and could be expected to 
rise in the near future. 

Table 7 provides a summary of input requirements for the establishment of maize. Inputs are 
disaggregated by growing season. This is necessary where two crops of maize are possible and 
important with specific operations, such as plowing. In this particular area, all of the trial sites 
had one maize crop taken, and this has been assumed in the analysis which follows. The data 
relating to labor requirement are subject to large variation, particularly for land preparation and 
weeding. These values are extracted from the Fann Management Handbook of Kenya (Ministry 
of Agriculture 1979). However, recent unpublished information obtained from the Maseno area 
(Swinkels 1991) suggests current values for these parameters could increase or decrease by a 
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factor of up to 3 times depending on local site conditions, technology, and composition of the 
labor force. 

Table 6. Prices, yields, and revenues for monoculture and polyculture options. 

Unit price (Ksh/kg) Unit rate (kg/ha) Yield revenue (Ksh/ha) 

Maize revenue polyculture Output 
Grain 3.50 520.32 Grain 1821.12 
Straw 0.50 718.54 Straw 359.27 
Grain 3.50 52032 Grain 0.00 
Straw 0.50 718.54 Straw 0.00 

Total 218039 
Maize revenue monoculture Output 
Grain 3.50 792.99 Grain 2775.47 
Straw 0.50 1095.08 Straw 547.54 
Grain 3.50 792.99 Grain 0.00 
Straw 0.50 1095.08 Straw 0.00 

Total 3323.01 

Sources: Kenya Forestry Research Institute; Hoekstra (1991); BEAM Alley Cropping Model 
(spreadsheet interface). 

Table 8 summarizes information relating to physical outputs and product prices derived from 
the hedge. These are expressed on a per hectare basis and vary as a function of hedgerow 
spacing. The stem component from the leucaena hedge, because of the frequency of cutting 
and cutting height, is only available in "stick form" and, therefore, is valued as stick wood for 
fuel. Determining the valuation of fodder production from the hedge presents a number of 
problems, not the least being the lack of an effective market for the sale of the green biomass. 
Nevertheless, it is possible to determine what is its effective marginal value productivity as a 
fodder in a ration when compared with other sources of food. This is the approach which is 
adopted here and follows a previously derived methodology (De Montgolfier-Kouvi and Le 
Houerou 1980).4 

Labor costs per hectare incurred in planting and managing the hedge will vary depending on 
labor productivity per meter of hedge and overall hedge length. As with the maize crop, care 
must be taken in describing accurately the labor required for the various operations. In order 
to undertake meaningful assessments of the impact of labor productivity, it is essential that 
measurements are made or expressed as labor required per unit of time, per task. As an 

4 Leucmma leucocephaJa is being viewed primarily as a protein-providing resource. As a 
cross-check on the methodology cited, current dairy cake available in Kenya has a crude protein 
content of 16% per kg of dry matter and sells for approximately 3.5 Kenyan shillings. By 
comparison, available leucaena has a crude protein content of approximately 21 % per kg of dry 
maUer, thus giving it an effective shadow price as a nutritive source of some 4 Kenyan shillings 
per kg. 
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example, when considering pruning or lopping. it should be measured in minutes per tree or 
meters per hedge per hour. By knowing the actual or shadow price of labor per unit of time, 
labor cost becomes a function on the number of stems per hectare or meters of hedge. 
Sensitivity analysis can then be undertaken on the basis of varying labor productivity per unit 
of time, the wage rate, and/or the spatial dislnoution of crops and trees. The assumption is 
bc;ing made here that linearity exists in terms of labor productivity. Values for establishment 
an4 pruning presented in Table 8 are mean values; however, for planting, in particular, they 
may decrease by a factor of 2 or increase by a factor of 3 (Swinkels 1991; Kang and Reynolds 
1986). 

Table 7. Input requirements and costs ror maize and hedge. 

Unit costs Unit requirements Total costs (Ksh/ha) 

Hedge establishment 
Plants 0.00 (Ksh/plant) 5000.00 Plants 0.00 
Planting 3.00 (Ksh/br) 16.00 (m/br) 

156.25 (br/ha) 468.75 

Total 468.75 
Maize establishment 
Plough 1 3.00 (Ksh/br) Labor 240.00 (br/ha) 720.00 
Plough 2 3.00 (Ksh/br) Labor 35.00 (br/ha) 0.00 
Sowing 1 3.00 (Ksh/br) Labor 24.00 (br/ha) 72.00 
Sowing 2 3.00 (Ksh/br) Labor 24.00 (br/ha) 0.00 
Seed 1 3.50 (Ksh/kg) Seed R 45.00 (kg/ha) 157.50 
Seed 2 3.50 (Ksh/kg) SeedR 45.00 (kg/ha) 0.00 
Fert 1 3.50 (Ksh/kg) FertR 35.00 (kg/ha) 122.50 
Fert 2 3.50 (Ksh/kg) Fert R 35.00 (kg/ha) 0.00 

Total 1072.00 
Maize weeding 
HI-WI 3.00 (Ksh/br) Labor 160.00 (br/ha) 480.00 
HI-W2 3.00 (Kshjhr) Labor 150.00 (br/ha) 0.00 
H2-Wl 3.00 (Ksh/br) Labor 390.00 (br/ha) 0.00 
H2-W2 3.00 (Ksh/br) Labor 350.00 (br/ha) 0.00 

Total 480.00 
Maize harvest 
HI-lab 3.00 (Ksh/br) Labor 160.00 (br/ha) 480.00 
HI-shell 3.00 (Ksh/br) Labor 120.00 (br/ha) 360.00 
H2-lab 3.00 (Ksh/br) Labor 160.00 (br/ha) 0.00 
H2-shell 3.00 (Ksh/br) Labor 120.00 (br/ha) 0.00 

Total 840.00 

Total Cost 2860.75 

SQurce&: Ministry of Agriculture (1979); Kenya Forest Research Institute; BEAM Alley 
Cropping Model (spreadsheet interface). 
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Table 8. Yields, product prices, revenues, input requirements of land, and costs or the hedge 
componenL (The analysis is conducted for a 1·ha unit of land.) 

Biomass revenue Unit price (Ksh/kg) Yields (kgfha) Revenue (Ksh/ha) 
Green biomass 4.80 0.00 0.00 
Woody biomass 0.69 2695.21 1859.69 

Biomass harvest Unit cost Requirements Cost (Ksh/ba) 
Labor 3.00 (Ksb/hr) 16.00 (m/hr) 

156.25 (br /ha) 468.75 

Sources: Kenya Forestry Research Institute; Swinkels (1991); Hoekstra (1991); FAO World 
Trade Yearbook (1988). 

Results. The previous sections have described the structure, data requirements, and outputs 
of the alley cropping model. It is possible to undertake many analyses, having established this 
type of structure. In this section, attention is focused on three parameters: (1) rainfall, which 
is included to indicate the importance of site specificity; (2) the spatial organization of hedge 
and crop; and (3) a management aspect of the system reflecting itself in differences in labor 
productivity when pruning the hedge. In the whole system analysis, all three are strongly 
related in terms of their effects on its performance. Finally, a multi-time period analysis is 
undertaken to assess the implications for sustainability for alternative management options 
concerning the extraction of biomass for sale or use as fodder, compared with its incorporation 
as a fertilizer mulch. 

Table 9 compares the gross margins of the monoculture and polyculture options under a range 
of annual rainfall levels anti hedge spacings. The values contained within the ceUs are obtained 
by subtracting returns to the polyculture from those generated by the monoculture. Positive 
values in the table therefore indicate those situations where the "maize-only" option has an 
advantage over the polyculture. When viewed in terms of rainfall, the monoculture performs 
better as rainfall approaches a level of between 1100 mm to 1200 mm per year. The effect of 
wider spacing increases the advantage of the monoculture over the polyculture, though once 
rainfall increases even further, the advantage returns to the polyculture. The leucaena/maize 
option outperforms the monoculture by a significant margin at lower rainfall levels regardless 
of spacing. 

Table 9. A comparison of gross margins per hectare from monocultural and polycultural 
options • the elTect of rainfall and hedge spacing. 

Annual rainfall (mm) 

900 
1000 
1100 
1200 
1300 

Monoculture advantage (Ksh/ha)1 
Hedge spacing (m) 

3 4 5 

-6458.42 -5177.11 -4523.90 
-2857.82 -2319.79 -2092.49 
-505.27 -156.28 -46.82 
-616.38 -192.90 -48.06 
-662.00 -370.83 -334.38 

~: BEAM Alley Cropping Model (spreadsheet interface). 
1Assumes labor productivity of 16 m harvested per work hour. 
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Table 10 examines the impact of varying labor productivity for hedge pruning on what might 
now be described from Table 9 as a marginal situation in terms of the relative performance of 
the polyculture and the monoculture. For this example, the rainfall level adopted is 1300 mm 
per year. The differences in profitability are not large. (Indeed, by inspecting the figures 
relating to the most typical row spacing of 4 m, by reducing labor productivity from 16 to 10 
m hedge cut per work hour, the effect is to reduce the apparent advantage of the polyculture 
by some 76%.) Labor productivity is only one of a number of parameters which could give rise 
to different outcomes in terms of "best option" choices under these conditions. 

Table 10. A Comparison of gross margins per hectare from monocultural and polycultural 
options-the Impact of variations In labor productivity in hedge pruning operations.1 

Hedge cut per work 
hour (m) 

10 
16 
20 
30 

Monoculture advantage (Ksh/ha)' 
Hedge spacing (m) 

3 4 5 

-287.42 -89.58 -109.68 
-662.00 -370.83 -334.68 
-787.00 -464.58 -409.68 
-953.66 -589.58 -508.68 

~: BEAM Alley Cropping Model (spreadsheet interface). 
lAssumes an annual rainfall of 1300 m; soil type, sandy loam. 

The analysis presented so far has assumed a "stable state" situation where the polyculture is 
treated no differently from the agricultural monoculture in terms of its temporal production 
cycle. In many instances, however, this system, in particular, is viewed as a solution to problems 
which are perceived as becoming more serious as time progresses. Soil erosion and/or nutrient 
depletion provides a good example of such problems. 

Under certain situations the incorporation of green biomass mulch can be used to either 
maintain or enhance crop yields; indeed this was the practice followed at all of the Western 
Kenya sites. The same biomass can, however, be used to provide a valuable source of protein 
as dry season fodder for dairy cows. Nevertheless, fodder sales mean less incorporation, which 
in turn will mean decreased maize yields in current and subsequent time periods. These 
alternative courses of action will be referred to as options 1 and 2 in the analysis which follows. 

Pursuing either option implies both physical and fmancial trade-offs. In order to fust determine 
some idea of the physical magnitudes involved, the SCUAF model (Young 1988) was employed 
to simulate the outcomes of choosing either option over a 10-year period. The starting values 
for system yields and site descriptors are taken from Tables 3 and 4, and the result is presented 
in Figure 3. Maize yields can be seen to decline with both options, though at a significantly 
faster rate if biomass is removed. Inevitably the question arises as to which option is 
fmancially or economically sound. This can be determined by undertaking a discounted cash 
flow analysis to compare the present value of sales from fodder prunings plus successively 
declining maize production harvested under option 1 with the present value of maize production 
harvested under option 2. 
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Figure 3. Comparing maize yields with and without the addition of leucaena cuttings. 

In terms of time horizon, the analysis is best undertaken as though the options are being 
evaluated in perpetuity. For our purpose, this amounts to what is in effect "a very long time" 
and avoids having to consider costs which would have to be incurred in adjusting inputs, say at 
the end of 10 years, so as to either recover fertility lost by following option 1 (thus switching 
to option 2) or vice versa. 

In order to achieve this, negative exponential functions were developed from the SCUAF results 
to describe the projected rate of decline for both options over a very long time. The functions 
are asymptotic to lower plateaux levels of some 900 kg of maize per hectare. This describes 
the level of physical productivity which would eventually be reached. The functions are 
represented by the following equations: 

Option 1 
y~ = 908.7 • exp(-0.05197 • t) + 900 (1) 

R2 = 0.99999 

Option 2 
y~ = 869.2· exp(-O.00878 • t) + 900 (2) 

R2 = 0.999597 

where Y~,Y~ = maize yield in kg per hectare at time t 

To determine the fmancial and economic trade-offs, a discounted cash flow analysis can be 
used. Then the generalized formula for determining the present value of a future sum is 
repreSented as: 
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where 

-n ~ 

t = 0 (I + r)1 

A = the annual value of production 
r - the rate of discount 
n = the number of years over which production is forthcoming 

= the production period 

For a perpetual series, this reduces to: 

A 

r 

(3) 

(4) 

In this example, the formula has to be modified to take into account changes in the productivity 
of the site through time and becomes: 

(5) 
(1 + r)(1 + k)-1 

where A· = the theoretical yield at t = 0 
k = the annual rate of productivity change 

= exp (0.05197)-1 = 0.05334 (for option 1) 
and 

exp (0.00878)-1 = 0.00882 ( for option 2) 

Determining the difference in money benefit from pursuing either option under changing 
productivity conditions can then be expressed as: 

(A/-C.) C. F 
B = {[ ] + (-) + (-)} 

(1 +r)(1+ k.)-1 r r 

(A}-CJ <; 
-{[ ] + (-)} (6) 

(1 +r)(1 + kJ-1 r 

where A.,A2 = the initial annual value of 
production from options 1 and 2 

C., C2 = the level of annual value at which 
production stabilizes under options 1 and 2 

kit ~ = the annual rate of decline in 
physical productivity under options 1 and 2 

F = the annual returns from the sale of prunings as fodder 
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r = the discount rate 

B the difference in the present value of returns from 
either option 

Substituting a value of 2.833 Ksh/kg of maize and figures from equations (1) and (2) in 
equation (6) above, it is now possible to compare the two options in money terms as: 

(5125-2550) 2550 9481 
B. = {[ ] +[-] +[-] 

(1.05·1.05334)-1 0.05 0.05 

and 

(5012-2550) 2550 
B2 = {[ ] + [-] (7) 

(1.05·1.00882)-1 0.05 

The resultant present values, determined for each of the two options, are presented in Table 
11. 

Table 11. The alley cropping system: an assessmeDt of maDagemeDt OptiODS. 

Option (No.) 

Extraction of biomass (1) 

Retention of biomass (2) 

Net benefit (Option 1) 

Present value of component production 
Ksh ('000) per hectare 

Maize Leucaena Total 

75.29 189.62· 264.91 

92.52 nil 92.52 

172.39 

Sources: SCUAF Model and BEAM Alley Cropping Model (spreadsheet interface). 
• This value is highly speculative for reasons discussed in the text. 

Perhaps the first observation to note is that both options are viable ones at the chosen discount 
rate. Moreover, when viewed simply in terms of the maize component, the effect of 
incorporating the prunings is to increase the present value of the crop. This is achieved by 
reducing the rate at which a decline in physical productivity would otherwise take place. In one 
sense, this outcome could be thought of as a "bottom line" result; the sort of outcome which 
could be achieved if no market or other form of utilization opportunities existed for the hedge 
prunings. Certainly today in Western Kenya there is no established market, for example, for 
leucaena leaves as a source of fodder. It is, of course, possible to input a "shadow price" based 
on its marginal value product as a protein feed substitute for dairy cows; indeed, the basis for 
deriving the valuation of the leucaena in Table 11 has already been discussed.s Nevertheless, 
when viewed as a measure of total present value, this particular figure is highly speculative. It 

S See footnote 4. 
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assumes, for example, that all leaves throughout the year can be sold somewhere for dairy feed. 
In reality, in the absence of transport infrastructures, only that foliage produced in the dry 
season is likely to find a market among other farmers. 

It is, however, the orders of magnitude revealed in Table 11 that are particularly important. 
Ignoring for the moment the present value of fodder sales, they beg the question as to how high 
the price of leucaena would have to rise before extraction becomes a better option than 
incorporation. The problem can be thought of in terms of breakeven budgeting and can be 
represented as: 

where 

(qp) - c 
D = [ ] 

r 
D = the additional present value required to break even with option 2. 
q = the quantity of green biomass (kg/ha) 
p = the breakeven price of green biomass (Ksh/kg) 
c = cost of biomass production (Ksh/ha) 
r = the discount rate 

Rearranging equation (8) and solving for p we have: 

[(Dr) + c) 
p =---

q 

Substituting appropriate values into (9) from Tables 3, 5, 8, and 11, we now have: 

p = [17230 (0.05) + 468.75] 

2073 
= 0.64 

(8) 

(9) 

The answer is surprising. It suggests that the fodder price would only have to rise to 0.64 
Kenyan shillings per kilogram (approximately one-seventh of its current shadow price as an 
animal feed source) in order to make it more advantageous for the farmer to sell fodder leaves, 
rather than attempt to reduce yield depletion through incorporating them in the soil. This 
result will, of course, differ depending on rainfall levels and frequency, soil type, slope and 
spatial configuration of crops and trees, all of which affect depletion rates on different sites. 
Moreover for subsistence farmers, if depletion is taking place, coupled with a continuous 
succession of droughts, considerations of food security may cause them to place a higher value 
on the maize than the nationally regulated price used here. 

SOME METHODOLOGICAL IMPLICATIONS FOR RESEARCH AND EXTENSION 

Many people have been skeptical, and rightly so, of those who seek to create perfect structures 
of reality and use them to make pronouncements or recommendations as to what should be 
done "in the field.· That is not what is being done here. The real world is too dynamic and 
too uncertain for this to have any meaning, particularly in many of the fragile environments 
within which agroforestry is perceived as having a role to play. 

It is now possible, however, to build accessible robust structures which incorporate the best 
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available biological and fmancial information so as to allow helpful sensitivity analyses to be 
undertaken. In this way "bottom line" assessments of actual or potential outcomes can be made. 
That is what is being done here (Thomas, Wojtkowski, and Bezkorowajnyj 1991). 

Agroforestry systems are inherently complex and their rational operation gives rise to trade-offs 
which can be either negative or positive depending on the biology of the system. In this case 
study, under higher rainfall conditions, there are two important interactions taking place 
between the hedge and the maize: the shade interaction which is negative and the effect of 
transpiration which under these circumstances would be positive. It is only by understanding 
the combined shade and transpiration effect that one can determine whether the net result in 
terms of revenue from a change to hedge spacings will be positive or negative. 

From a methodological viewpoint, it is not sufficient to consider biological and economic 
aspects in a partitioned way, particularly when knowledge of the biological functioning of the 
system is incomplete. An ability to undertake sensitivity analyses that combine both biological 
and economic parameters helps, fust, to identify those aspects which are of greatest significance 
in terms of generating profit, and, second, to isolate those parameters which can contribute 
most to improved performance as a result of biological and economic interventions. Looking 
at the relative magnitudes can, as has been seen here, be salutary. A further example 
concerning the relative benefits from pruning when compared to benefits from development of 
shade-tolerant understory crops is discussed in Thomas, Sangkul, and Willis (1991). 

In extension terms, the importance of knowing answers to the "what if' questions will become 
less important as more information on mechanisms and outcomes is forthcoming. The natural 
progression is to optimization on the basis of best practice as is the case with other highly 
developed monocultures. For many polycultural systems, however, we are still frrmly in the 
area of assessment rather than optimization. This is where the approach to modeling suggested 
here is of particular use. Spreadsheets are accessible, flexible, and totally transparent in terms 
of their inner workings. There are no magic "black boxes" into which users cannot delve. 
Functions and values can be inspected and to some extent altered if they are unrepresentative 
of site conditions. Advisers and practitioners can evaluate for themselves the significance of 
any assumptions concerning aspects about which information is incomplete. 

Finally, when modeling approaches of this type are followed, their construction and subsequent 
use force researchers, advisers, and practitioners to give thought to matters of data. In 
simulation modeling, extreme accuracy is not necessary nor in many cases desirable; there is 
some point beyond which there is little to be gained by adding to the model's accuracy (payne 
1982). This holds true for modeling complex ecosystems (Risser 1986). There is always a 
compromise to be struck concerning minimum standards relating to the quantity, type, and 
quality of biological, technical, and economic information necessary to undertake meaningful 
appraisals. Spreadsheet modeling can identify the nature of that compromise and aid in the 
effective design of data collection and system monitoring. 

CONCLUSIONS 

This paper has evaluated a maizejleucaena alley crop system from a number of perspectives 
broadly encompassing biological and financial considerations. Outputs from the BEAM 
maizejleucaena model have shown how hedge spacing and rainfall together affect output levels 
from the system. Some of the problems inherent in dealing with a high degree of variability 
in labor productivity are also shown. The differences caused by variation in the physical layout 
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of the system, coupled with the effects of climatic variability and input costs, will not necessarily 
guarantee results that are applicable to a broad range of farmers. 

The multi-time period analysis is illuminating in what it suggests concerning sustainability in the 
very long run. Whereas there may well be alternative approaches to both input and output 
valuations, the order of magnitudes concerning benefits from use or sale of fodder as opposed 
to incorporation in the soil are potentially very large. This suggests that on "easy sites" not 
subject to severe erosion and nutrient depletion, biomass extraction offers significantly higher 
returns even in the very long term. The real value of a bio-economic approach to modeling is 
that it is now possible to clarify the relative magnitude of effects concerned with both physical 
and financial "trade-offs" taking place within the system and through time. It also allows an 
opportunity to assess likely significance of those elements about which little is known. 

The ground covered in this paper illustrates the need for a site-specific analysis. Any such 
analysis should be capable of dealing with a wide range of biological and financial inputs. This 
broad base approach is fundamental when dealing with a science as complex: as agroforestry. 
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Critique or 

BIO-ECONOMIC MODELING OF AGROFORESTRY SYSTEMS: 
A CASE STUDY OF LEUCAENA AND MAIZE IN WESTERN KENYA 

(T. H. Thomas, P. A. Wojtkowski, P. G. Bezkorowajnyj, D. Nyamal, and R. W. Willis) 

by 

H. H. von Platen (chair), Herminia Francisco (rapporteur), O. Edward Karch, Olman Rivera, 
Paul Starr, Timothy Williams, Jefferson Fox 

PROBLEM STATEMENT AND HYPOTHESIS 

This paper illustrates how a bioeconomic simulation model and information from a range of 
published and unpublished sources can be used to assess the physical and fmancial performance 
of an alley-cropping system in east Africa. Readers, particularly those less familiar with 
simulation modeling, would benefit from a clearer statement of the specific research problems 
and objectives of the study. Potential use of study results by different categories of people (e.g., 
project managers, policymakers, or researchers) could have been explained in more detail. 

METHODOWGY 

The paper illustrates the use of bioeconomic modeling through a case study. The model is very 
user-friendly. It captures relationships in the farming system using a spreadsheet which can be 
easily manipulated. Although site-specific in terms of data from a given location, it can be 
easily adopted to other situations (locations) by changing· parameters. The model has been 
built relatively quickly using data collected from collaborating projects, rather than primary data 
collection. 

For the case study, little information is provided on how rainfall drives the model; yet, rainfall 
is a crucial factor in determining the results obtained from the model. Also, the incremental 
yield of maize under polyculture using mulch incorporation needs to be explicitly shown so this 
value can be compared with similar values from other studies. 

DATA COLLECTION AND FIELD MEASUREMENT 

Key input and output variables for alley-cropping were included in the analyses, including many 
physical parameters whose effects are commonly not included (except perhaps through 
sensitivity analysis) in economic and fmancial analyses. However, there is a need for more 
details on how data were generated (e.g., whether through field experiments, surveys, or 
secondary sources) and the problems associated with data collection and interpretation for 
modeling purposes. A section summarizing the types of data needed for bioeconomic modeling 
would help researchers in developing experiment and survey designs. 
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INTERPRETATION OF DATA 

By looking at the relationships between key biological and economic factors influencing an 
agroforestry system, the study results shed light on the profitability of agroforestry to the 
farmer. Alternative valuation methods for the marginal value product of green biomass in 
maize and livestock production could help to show the sensitivity of model results to this 
variable. The lack of a developed market for fodder in this farming system suggests that other 
types of trade-offs in alley-cropping output, input, or management should have been considered. 

At present, the model is set up for financial rather than economic analyses of the technology, 
using market prices. 

LESSONS LEARNED 

The study brings to the fore the underlying biological relationships between components of an 
agroforestry system and how these relationships affect the profitability of the system. It also 
illustrates the power of empirically and theoretically driven bioeconomic models in assessing 
agroforestry systems and management options. 
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von Platen, H. H. Agroforestry Project, CA TIE/GTZ (Tropical Agricultural Research and 
Training Center/GeseUschaft fUr Technische Zusammenarbeit mbH.), Turrialba, Costa Rica. 

7. ECONOMIC EVALUATION OF AGROFORESTRY SYSTEMS OF CACAO 
(77lEOBROMA CACAO) WIm LAUREL (CORDIA AU.lODORA) AND 

PORO (ERYTHRINA. POEPPIGIANA) IN COSTA RICA 

Abstract. Two agroforestry production systems (13 years old) are financially 
analyzed and compared: Theobroma cacao with the timber tree laurel (Cordia 
alliodora) and T. cacao with the legume tree por6 (Erythrina poeppigiana). 
The question to be answered is: Does the timber production outweigh the 
supposed positive effect of the legume tree on crop production? 

Though the timber trees are not mature at age 13, advantages are found for 
the cacao/timber tree system with respect to the cacao/legume tree system 
in terms of net present worth and benefit/cost ratio of returns to land and 
labor. Sensitivity tests show that this advantage is small for returns to land 
but very stable for returns to labor. Projections to age 25 show that the 
advantages will hold over time. The opportunity costs of capital are crucial. 
The used interest rate of 10% may, for the potential user group of farmers 
with small-to medium-size holdings, be below the capital costs, and relatively 
slight increases in this rate will erase the advantages of the cacao/timber tree 
system. However, the timber trees work like a saving account offering a large 
cash income at the time of timber harvest and acting as a risk-minimizing 
factor. Both properties may well offset lower returns to capital for a small 
farmer. 

Key words: agroforestry, Theobroma cacao, shade trees, Cordia alliodora, Erythrina 
poeppigialla, economic evaluation, interest rate, risk 

INTRODUCTION 

Two of the major arguments often given in favor of agroforestry systems are: (1) the cropping 
area is enlarged vertically, and (2) the trees may improve soil fertility and microclimate, thus 
increasing the production level of the main (agricultural) crop. 

The first argument applies principally to agroforestry systems where annual or perennial crops 
are combined with fruit or timber trees ("commercial trees"); the second where agricultural 
production is combined with nitrogen-fIXing trees ("service trees"). When evaluating such 
systems, a number of comparisons are possible. Three common types are: 

(1) Agroforestry systems with commercial trees vs. cropping systems without any tree 
components; 

(2) Agroforestry systems with service trees vs. cropping systems without any tree components; 
and 

(3) Agroforestry systems with commercial trees vs. agroforestry systems with service trees. 

The last type is the main subject of this paper. Two production systems of a perennial crop, 
cacao (Theobroma cacao L. )-one with a service and one with a commercial tree component-
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are fmancially compared and analyzed. Management and production data are taken from 
CATIE's "Central Experiment," now more than 13 years old: T. cacao under the shade of a 
legume tree, Erythrina poeppigiana (Walpers) O.F.Cook (por6) , and cacao under Cordia 
alliodora (Ruiz and Pavo) Oken (laurel), a high-valued timber tree. The main question to be 
answered in this paper is: Does the timber production at the end of the cropping system's life 
cycle outweigh, over time, the supposed positive effect of the legume tree on crop production? 

A minor subject of this paper is more methodologically oriented: How can data from an 
experiment, initially designed for nutrient-cycling studies and to test improved traditional 
agricultural production systems under more intensive management, be used to perform a valid 
economic analysis to quantify the value of the tested technologies for small farmers? 

THE "CENTRAL EXPERIMENT" AT CATIE, TURRlALBA, COSTA RICA 

Location, experimental layout, and biophysical parameters. The ·Central Experiment" is 
located in the Centro Agron6mico Tropical de Investigaci6n y Enseiianza (CA TIE) 
Experimental Station, Turrialba, Costa Rica, at a site named "La Montaiia" (~53' N and 88"38' 
W, 600 m above sea level). The climatic conditions of the Turrialba area are those of the humid 
tropics with an average annual rainfall of some 2,600 mm, about 250 days of rain per year, and 
an average annual temperature of 22.3° C. Minimum and maximum daily temperatures are 17.'"r 
C and 27.0° C, respectively. The soils were classified as fme, halloysitic, isohyperthermic Typic 
Humitropepts (Kass et al. 1989). 

The experiment, established in August 1977, was laid out in a randomized complete block 
design (RCBD) with two main plot treatments (laurel or por6) and two blocks. Main plots were 
split between cacao and coffee (Coffea arabica L.). The split-plot dimensions were 36 m x 18 
m, and plant spacing was 3 m x 3 m (1111 trees/ha) for cacao and 6 m x 6 m (278 trees/ha) 
for the shade trees. The core measurement plot was planted with the cacao hybrid "Catongo 
x Pound," obtained from the cacao hybrid collection at CA TIE. The laurel trees were 
established as seedlings obtained from CA TIE's nursery, and the por6 trees were established 
as 2-m cuttings (stakes) obtained from local trees. There Was no control without shade trees 
(zero-treatment) as cacao usually requires shade, at least within traditional production systems 
with limited inputs. 

The systems were managed similarly, except for early weeding and fertilization of the laurel 
trees to improve their initial growth. In contrast to the self-pruning laurel, por6 was pruned 
annually or semiannually starting in year four. Apart from the initial fertilization of 10 g N, 30 
g P 20S' and 10 g ~O per laurel tree, the same amounts of fertilizer were applied for both 
treatments: 666.6 kg/ha in four applications of the formula 18-10-6-5 until year four; later, the 
number of applications and formulas varied according to the availability of fertilizer in the 
market (Morera and Mora 1991). 

Trees in an agroforestry system affect crop production in many ways. Greater effects on soil 
fertility through litterfall, mulch material, and root decomposition, as well as effects on 
microclimate and water balance, are believed to increase cacao productivity under the service 
tree, por6, when compared to the commercial tree, laurel. 

In the past 13 years, many measurements in the experiment focused on these aspects. The main 
emphasis was on measurements of organic matter and nutrients (Alpizar et al. 1986), 
productivity and litter decomposition (Heuveldop et al. 1988), above ground cycles of organic 
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matter and nutrients (Fassbender et aI. 1988), water balance and leaching of nutrients (Imbach 
et aI. 1989), and productivity indices and organic material models (Beer et aI. 1990). Generally, 
differences between the two systems were small and statistically not significant. Two examples 
are soil organic matter content and N fIXation. 

Soil organic matter content, measured in 1977, 1981, and 1986 (Beer et aI. 1990), generally 
increased with time with apparently larger increases in the cacao/por6 system. However, none 
of these tendencies was found to be statistically significant. The lack of significance was in part 
due to the lack of replication but was also affected by the relatively high initial levels (1977) of 
4.8% (4.4%),3.9% (3.2%), and 2.2% (2.2%), respectively, at ~15, 15-30, and 3O-45-cm depth 
(the first figure is cacao/por6, the second cacao/laurel). 

Nitrogen accumulation was 18 kg/ha/year larger in the cacao/por6 system than in the 
cacao/laurel system and was considered an estimate for annual N fIXation within the por6 
system (average of 5 years' measurement, 1978-82 [Fassbender et aI. 1988]). Based on 
measurements of nutrient concentrations in the soil water at 100-cm depth from March 1986 
to March 1987, leaching losses of N, P, and K were estimated as 5.0, 0.5, and 1.3 kg/ha/year 
(Imbach et al. 1989). The values for N fIXation and leaching were tiny compared to either the 
total soil reserves of 8,800 kg/ha N, 3,600 kg/ha P, and 650 kg/ha K for the upper 45 em. 
(Imbach et aI. 1989) or the nutrients added through fertilizer (the average kg/ha/year from 
1978 to 1990 was 86 N, 44 P20 S, and 25 ~O). 

The consequences of these results for the economic evaluation are discussed in the benefits 
section of this paper. 

Costs and benefits. Two circumstances complicated the compilation of costs and benefits. First, 
management parameters such as activities carried out, labor input, costs, and product values 
had been given little attention in the past. Second, management parameters obtained from 
experiments generally have to be interpreted with caution. In particular, labor requirements of 
experiments are usually distorted due to measurements (e.g., time-intensive biomass 
measurements during pruning operations). Even when no other measurements interfere, the 
labor actually used was found to be twice or even three times as large as suggested by surveys 
or estimates from farmers. 

Consequently, for this study, the following steps were undertaken: 

(1) A list of material costs was compiled from existing files of the experiment; 
(2) A time schedule for all realized activities was established from the same files and from key 

personnel; and 
(3) More realistic labor requirements were assigned to these activities. These labor 

requirements were obtained from other studies, records of commercial farms, and 
information from farmers. They considered technical aspects such as slope, drainage, and 
productivity of cacao (see Table 1). 

When pricing inputs and outputs, price changes over time due to inflation must be accounted 
for. Inflation is relatively high in Costa Rica (the price index for small- and medium-income 
groups is nearly 20% annually [p.a.] (Direcci6n General de Estadistica y Censo 1991) and varies 
greatly from year to year. 
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Table 1. Cost structure of two cacao production systems over 13 years1 (work-days and 
USS/ha). 

Cacao/laurel Cacao/por6 
Work-days Costs2 Work-days Costs2 

EsClblishment 
Land clearin~ 8.5 57 8.5 57 
Land preparation4 20.0 133 20.0 133 
Planting cacaos 11.5 77 11.5 77 
Planting shade trees6 4.5 30 3.0 20 
Weeding 6.0 40 6.0 40 

Total establishment 50.5 337 49.0 327 

Annual average 1978-1980 
Fertilization 6.0 40 6.0 40 
Cacao harvest 9.7 63 10.0 66 
Cacao pruning 8.7 57 8.7 57 
Weeding 19.3 127 14.3 94 

Total 43.7 287 39.0 257 

Annual average 1981-1990 
Fertilization 3.2 24 3.2 24 
Cacao harvest 28.9 206 29.9 212 
Cacao pruning 3.3 23 3.3 23 
Por6 pruning 0.0 0 9.3 66 
Weeding 4.0 28 4.0 28 
Others 0.6 5 0.6 5 

Total 40.0 286 50.3 358 

1 Experiment started in August 1977; all 1977 costs are considered establishment costs. 
Hypothetical harvest of timber in December 1990. 

2 Deflated colones, expressed at 100 colones = 1 USS. 
3 Includes application of herbicide and maintenance of drainage. 
4 Includes marking and preparing planting holes of crop and shade trees. 
S Includes fertilization of cacao. 
6 Includes fertilization of laurel trees, but not nursery costs (laurel) or costs of obtaining 

cuttings (por6), both of which are included in the costs of planting material. 

There are four ways to obtain the costs and benefits in constant terms: (1) calculating in 
constant (e.g., 1990) dollar prices; (2) calculating in constant local currency; (3) calculating in 
current US$, then deflating using the US$ inflation rate; or (4) calculating in current local 
currency, then deflating using the local inflation rate. 

The last approach was chosen for two reasons. (1) Price development of the goods used and 
produced may vary, reflecting different real values and not only inflationary tendencies. This 
disqualifies the use of constant prices (options [1] and [2]). (2) The exchange rate of US$ to 
local currency (in this case the Costa Rican colon), combined with the inflation rate of the 
dollar, does not necessarily reflect the local inflationary process since governmental actions may 
distort the exchange rate and the bases to calculate the inflation rates may be different. This 
disqualifies option (3). 
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Current market prices (in Costa Rican colones) had been collected for the identified input and 
output items since 1977, when the experiment was started. Labor has been valued year by year 
using the corresponding Costa Rican legislated minimum wages for agricultural laborers 
(including social costs). These minimum wages are comparable to real market prices, that is, 
to wages field laborers can earn in rural Costa Rica. 

Costs and benefits obtained in this way were then converted to constant end-of -1990 prices (the 
date of analysis of the experiment) using the monthly Costa Rican retail price index for the low
and medium-income groups. This price index reflects the economic situation of CATIE's 
principal target group, small and medium farmers. Finally, for reasons of international 
comparability, colon values were converted to US$ terms, using the official exchange rate for 
the end of 1990, which was very similar to the exchange rate on the parallel market of 1 US$ 
= 100 colones. 

Costs. Table 1 provides labor budgets for the establishment of the crops, the first 3 years and 
the consequent years to 1990, the latter representing the relatively constant annual labor 
requirement over the lifetimes of such systems. All activities were considered to be carried out 
by hired labor. 

The annual total costs for material and labor are listed in Table 2. Establishment costs are 
larger for the cacao/laurel system than for the cacao/por6 system because of higher costs of 
planting the shade trees, initial application of fertilizer, and weeding of laurel. Within the 
periodic costs, there is no difference of material costs (mostly fertilizer). Because of fmandal 
problems, there were no material costs during the years 1981 and 1982. Labor costs, which 
acr.ount in both systems for approximately two-thirds of the periodic costs, were higher for the 
cacao/por6 system because of por6 pruning and additional labor requirements for cacao 
harvest. Costs for timber harvests have been deducted directly from the timber revenues and 
do not appear in the table. 

Table 2. Annual constant costs of two cacao production systems (USS/ha). 

Cacao/laurel Cacao/por6 
Year Material Labor Total Material Labor Total 

1977 (O) 846 337 1183 715 327 1042 
1978 (1) 282 297 579 282 257 539 
1979 (2) 280 279 559 280 240 520 
1980 (3) 341 285 626 341 271 612 
1981 (4) 0 186 186 0 285 285 
1982 (5) 0 206 206 0 299 299 
1983 (6) 207 292 499 207 360 567 
1984 (7) 253 304 557 253 355 608 
1985 (8) 139 233 3n 139 274 413 
1986 (9) 100 288 388 100 374 474 
1987 (10) 129 356 485 129 493 622 
1988 (11) 43 2TI 320 43 2TI 320 
1989 (12) 86 311 397 86 366 452 
1990 (13) 165 403 568 165 493 658 
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Benefits. Benefits consist of the principal crop, cacao beans, and in the case of laure~ timber. 
No attempt was made to assign any direct monetary value to possible ecological benefits of the 
por6 trees because biophysical and ecological processes in such a system are highly complex, 
and the benefits due to one component species are nearly impossible to evaluate. For example, 
the marginal benefits of the additional nutrients made available by the tree component depend 
largely on the initial soil fertility and the level of fertilization. Obviously, the nitrogen fixed by 
por6 would have a different effect on a crop on a poorer soil with or without fertilization than 
on a rich soil with or without fertilization levels used in this experiment. Other problems in 
assigning a direct monetary value to nutrient addition through the tree component are (1) 
insufficient knowledge regarding the amount of nutrients from the mulch and litter that are 
fmally taken up by the underlying crop, (2) competition between the crop and the tree 
component, (3) influences of the tree components on the microclimate, and (4) effects such as 
"nutrient pump" (if existent). These effects probably occur in both systems, and benefits or costs 
should consequently be accrued to both. 

Any soil improvement, nutrient provision, or other positive effects (e.g., on the micro-climate) 
caused by the tree component in an agroforestry system represent a potential but no economic 
value per se. To turn this potential into a benefit for a farmer, it must show (in the long run) 
in the form of higher yields. Only these higher yields can be considered to be reasonable 
indicators for benefits, turning the potential value into a tangible one. 

In this experiment, cacao production (Table 3) was found to be on average (years 4 to 13) 821 
kg/ha under laurel and 860 kg/ha under por6 (i.e., 4.8% higher under por6 than under laurel), 
but with no statistically significant differences (Morera and Mora 1991). Fertilization and the 
high soil fertility of the experimental site are believed to hide any possible positive effects of 
por6. In spite of the statistical insignificance, however, cacao yields were used in the following 
calculations "as measured." 

Table 3. Annual cacao production under the shade of laurel or poro (dry weights of cocoa 
beans in kg/ha/year.t 

Year Cacao/laurel Cacao/por6 

1 0 0 
2 97 71 
3 421 477 
4 537 601 
5 653 724 
6 906 997 
7 908 935 
8 803 1026 
9 857 1047 

10 911 1069 
11 922 900 
122 849 572 
13 862 732 

Average years 4-13 821 860 

1 Values from Morera and Mora 1991, except (1) years 4 and 9: incomplete field data, 
calculated as averages from previous and following year; (2) year 8: values from Beer et al. 
1990; (3) year 13: calculated from unpublished data from Morera, CATIE. 

2 Low cacao yield under por6 was due to excessive shading when 1 pruning cycle was missed. 

179 



Total laurel stem volume was estimated as 96 m3/ha at the end of year 13, using models 
developed by Somarriba and Beer (1986). This volume is less than could be predicted using 
earlier measurements, which estimated stem volume as 77.6 m3/ha in 1987 and average annual 
increments at around 9 m3/ha for the years 6-10 (Beer et al. 1990). The difference may be 
explained by the abnormal diameter, height, and volume growth of the laurel in this site when 
cOJJ.lpared to other measurements of laurel as already observed by the authors. 

For this economic analysis, the local method of estimating timber volume of sawlogs was used 
to assess the benefits to a farmer. This method uses the circumference (c) of the thinner end 
of a four "vara"-Iong log (one "vara" is approximately 33 inches or 83.8 em) to calculate the 
"pulgada madera tica" (PMT, "Costa Rican timber inch" equivalent to 132 in3

), which is 
commonly used for selling and buying timber. The formula used to calculate the commercial 
timber volume (vJ in PMT is: 

(1) 

To obtain the c value of the trees in the experimental plots, the stem diameter of each tree that 
could provide at least one log was estimated at intervals of 4 "varas" up to the commercial 
height, using the dbh and a form factor calculated for the Turrialba area. Averaging the 
resulting PMT /tree, a total commercial volume of 20,844 PMT /ha sawlogs was estimated (using 
a conversion factor of 462.3 PMT /m3

, this is equivalent to 45.9 m3/ha; however, this volume 
cannot be compared to standardized volume measures). Stems or parts of stems with 
inconvenient forms or sizes too small to provide sawlogs were evaluated for their use as posts 
as there is a good market for posts in the Turrialba area. Post volume calculated in m3 from 
the diameter at the center of the post (d) and the length (I), both calculated as above from the 
dbh and the form factor, was estimated at 33.14 m3/ha using the formula: 

v = (1t d2 I ) / 4 (2) 

Timber prices used are 0.24 USS/PMT for sawlogs and 0.50 USS/m3 for posts, both market 
prices paid in the area for timber at the sawmill. 

The logging costs (767 USS/ha) were directly deducted from total timber revenues of 6,659 
USS/ha, obtaining total net benefits from timber sales of 5,892 USS/ha. No value was assigned 
to fuelwood (nor was its amount calculated) because commercial transport costs of fuelwood 
are higher than prices currently paid in the market. 

Results of the financial analysis. 

Returns to land. Economic differences between the two systems consist of higher initial 
investment, lower annual costs, lower cacao yields, and a higher fmal value of timber for the 
cacao/laurel system as compared to the cacao/por6 system. Table 4 lists a summary of all costs 
and benefits, the sum of net present benefits, and benefit/cost ratio (B/C) (the internal rate 
of return has been omitted since rates near 50% were calculated), using the following 
assumptions: 

(1) AU values for inputs and outputs used are obtained by the method described previously. 
(2) The annual interest rate is 10%. 
(3) Year 0 is discounted, following Gittinger (1982, p. 315). 
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Table 4. Annual costs and benefits of two cacao production systems (constant USS/ha). 

Cacao/laurel Cacao/por6 
Year Costs Benefits Net benefits Costs Benefits Net benefits 

1977 (0) 1182 0 (1182) 1041 0 (1041) 
1978 (1) 579 0 (579) 539 0 (539) 
1979 (2) 559 264 (295) 520 194 (326) 
1980 (3) 626 1288 662 612 1459 847 
1981 (4) 186 2605 2419 285 2914 2629 
1982 (5) 206 2006 1800 299 2225 1926 
1983 (6) 499 2380 1881 567 2604 2037 
1984 (7) 557 2451 1894 608 2524 1916 
1985 (8) 372 1989 1617 413 2541 2128 
1986 (9) 388 1806 1418 473 2207 1734 
1987 (10) 485 1804 1319 622 2116 1494 
1988 (11) 320 1379 1059 320 1346 1026 
1989 (12) 399 949 553 452 639 187 
1990 (13) 569 6620 6051 659 618 (41) 

NPV: 6830 6066 
B/C: 2.71 2.48 

For both parameters (NPV and B/C), the cacao/laurel system showed higher values, but the 
differences appear too small to be meaningful. Consequently, sensitivity tests are needed to 
show the sensitivity of the systems to changes in the values of the basic parameters. 

The most important parameters are labor costs (representing input costs), cacao and timber 
prices (representing output value), and the interest rate. Rather than testing the influence of 
any of these factors separately on the economic performance of the systems, sensitivity tests 
were carried out for pairs of parameters. For instance, take the case of the interest rate and 
the cacao price: which interest rate would be needed so that the net present worth of the two 
production systems would be the same for given levels of the cacao price (40%, 60%, etc., from 
real market price)? 

The resulting break-even lines for different pairs of parameters presented graphically in Figures 
1, 2, and 3 show the economic superiority of one or the other production system for a given 
combination of parameter values within the ranges tested. Instead of answering questions such 
as "What is the profitability of each of the two systems at a given price of cacao?", wider 
questions can be addressed, such as "To what extent can the cacao price and interest rate 
change before the ranking of the systems change?" 

This kind of evaluation is of special importance when (even in ex-post analysis) decisive 
parameters have to be estimated. For example, the interest rate, representing the opportunity 
cost for capital, is one of these parameters when preparing economic recommendations for 
small farmers, since the value chosen often depends more on the analyst's judgement than on 
rates determined by the market (e.g., see Hoekstra 1983). 

Figure 1 presents the results of the respective sensitivity analysis with the parameters of cacao 
price and interest rate at three levels of labor costs. For a given labor cost level, all 
combinations of cacao price and interest rate, which are above the graph, indicate economic 
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advantages for the cacao/por6 system. All combinations below that line are advantageous for 
the cacaojlaurel system in terms of net present worth per unit of land. 

Figure 1: Break-Even Line of NPVs 
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For the basic cacao prices and labor costs (100% in the graph), an 18.6% interest rate breaks 
even. Higher interest rates favor the cacao/por6 system, which is logical since the present worth 
of the timber declines with an increasing interest rate. Higher cacao prices have a similar effect 
due to the slightly higher yield of cacao under the shade of por6. Increasing labor costs have 
the opposite effect, but sensitivity is marginal: a 50% increase of labor costs would be offset by 
less than 2% increase of the interest rate or by approximately a 10% increase in the cacao 
price. 

Figure 2 shows the relationship between timber net value and interest rate. Again, the interest 
rate is crucial since an increase of approximately 1 percent would offset a 10% increase of 
timber net value. At higher net values of timber, sensitivity to the interest rate is more 
pronounced than at lower levels. 

Figure 2: Break-Even Line of NPVs 
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Figure 3 shows the break-even line of net present worth for different cacao prices and timber 
net values at three different levels of interest rate. 

Figure 3: Break-Even Line of NPVs 
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In summary, the sensitivity analysis of returns to land for the evaluated agroforestry systems 
reveals the following: 

(1) For the period covered by this analysis, the cacao/laurel system showed higher returns to 
land than did cacao/por6. 

(2) This advantage changes only if timber prices fall to 50% of the actual value or if cacao 
price doubles. 

(3) As in many other countries, timber prices in Costa Rica are likely to increase in the future 
because of decreasing supply. In contrast, cacao prices (deflated) have declined in Costa 
Rica over the last 10 years. 

(4) The .interest rate may rapidly erase the advantage of the cacao/laurel systems since 
opportunity costs of capital may be larger than 10% in a smallholder environment. 

Returns to labor. The previous calculation applies when land is the scarce resource. 
Apart from capital, the other scarce resource in most economies is labor; hence, NPV was 
calculated per unit of labor (work-day). In brief, the method is similar to calculating the returns 
to land in which no (opportunity) costs for land are assumed and the present worth of a stream 
of net benefits is expressed per land unit (hectare). In the case of returns to labor, the present 
worth of a stream of net benefits is calculated with land (opportunity) costs but without labor 
(opportunity) costs and the result divided by the total of labor force required for the 
production. 

For the experiment analyzed, results are net present worth of USS15.35/work-day and 
USS12.55/work-day for the cacao/laurel and the cacao/por6 systems, respectively, assuming a 
10% interest rate and USS100 annual opportunity costs for land. This is a considerable 
difference, reflecting the lower overall labor requirements of the cacao/laurel system. The 
advantage was tested against (1) decreasing timber net values, giving a break-even point at only 
1 % (!) of actual value; (2) rising cacao prices with no reasonable level of cacao prices found 
for a break-even point; and (3) rising opportunity costs of land giving a break-even point at 
nearly 1,700 USS/ha/year. None of these values are realistic. 
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Again, the advantage of the cacao/laurel system is more sensitive to the costs of capital. The 
break-even point is reached at an interest rate of 30% p.a., which still may be considered inside 
the range of capital opportunity cost of a small or medium farmer. 

Cash flow. When converting experimental results into farmer recommendations, cash 
flow analysis is an important issue. The cash flow may, for a small or medium farmer, be much 
more important than the net present worth or benefit/cost ratio because even a very high 
income at the end of the production cycle of a perennial crop may not be attractive when no 
income is obtained in the previous years. 

Two scenarios are worthy of examination. The first assumes that all activities are carried out 
by hired labor, thus including labor costs as a cash outflow (as was done in the preceding 
analysis when calculating returns to land). The second scenario assumes that all the activities 
are carried out by family labor, so that labor input does not imply a cash outflow, and the 
revenues from product sales minus material costs represent the available income from 
production. Table 5 lists the corresponding values for the years considered. In both scenarios, 
the cash balance turns positive in year three. 

Table 5. Annual net cash flow of cacao production under the shade of laurel and por6 with 
and without labor cost! (constant US$/ha). 

Cacao/laurel Cacao/por6 
With Without With Without 

Year labor cost labor cost labor cost labor cost 

1977 (1182) (846) (1041) (715) 
1978 (579) (282) (539) (282) 
1979 (295) (16) (326) (86) 
1980 662 947 847 1118 
1981 2419 2605 2629 2914 
1982 1799 2006 1926 2225 
1983 1881 2173 11)37 2397 
1984 1894 2198 1916 2271 
1985 1617 1850 2127 2402 
1986 1418 1707 1734 2107 
1987 1319 1675 1494 1987 
1988 1059 1337 1027 1304 
1989 553 863 187 553 
1990 6051 6454 (41) 452 

! Values taken from Tables 2 and 4. 

The main advantage of the cacao/laurel system, after the cash flow showed up satisfactory, is 
the considerable net cash income at the end of the production cycle. For the subjective 
judgement of a small farmer with no or only limited access to saving facilities, this fmal income 
of US$6,454/ha, US$6,OO2 more than for the cacao/por6 system, may be much more valuable 
than a small difference of USS164/ha/year (years 4 to 13, without timber benefits) for the 
cacao/por6 system (all figures without labor costs). 

Future expectations. Thirteen years is, even for a fast-growing timber species, a 
relatively short time, and a reasonable question is: Will the comparative advantages of the 
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cacao/laurel system maintain or increase in the following years? To appraise this, a projection 
was made to year 25 with the following assumptions: 

(1) The timber volume increases. at a growth rate calculated from a model developed by 
Somarriba and Beer (1986) for the Turrialba area. This model determines the tree volume 
as a function of time. Percentage volume increases per year have been computed and used 
for benefit increases based on the calculated benefits in year 13. 

(2) Cacao yields and costs remain at a level corresponding to the average of the last 10 years. 
(3) All costs and benefits are calculated in constant end-of-1990 prices. 
(4) Interest rate is 10% p.a. 

Under these assumptions, total stem volume of laurel will have increased to approximately 318 
m3/ha by year 25 (303% above the volume in year 13). With net present worths of USS9,802 
and US$8,763 for the cacao/laurel and cacao/por6 systems, respectively, this still favors the 
system with timber production. For the break-even point of net present worths, total stem 
volume in year 25 has to reach at least 152 m3/ha, 92% above the volume in year 13 and 48% 
of the volume of 318 m3/ha calculated for year 25 using the model. 

DISCUSSION AND CONCLUSIONS 

The case study presented is based on an on-station experiment. Initial evaluation plans did not 
include economic analysis; hence, data collection did not concentrate on management. However, 
it is believed that most parameters could be reconstructed with sufficient accuracy. A critical 
aspect for a generalization of the results is the site conditions. In particular, poor internal soil 
drainage is not favorable for the laurel trees compared with the fmdings from other studies 
(especially Somarriba and Beer 1986) where growth rates of laurel were higher. Likewise, 
comparative benefits from the "service tree" por6 are not statistically significant because of the 
relatively high fertility of the experimental site and the level of fertilizer applied. Furthermore, 
13 years do not ~epresent the life cycle of either of the compared agroforestry systems. 

The methods for the analysis were selected to fit the situation of the potential user group, small 
farmers. For example, the measurement of commercial timber volume by the locally practiced 
method, instead of a scientifically approved one, ensures a result reflecting what farmers would 
get in reality. For the same reason, it seemed necessary to include a series of different analyses 
to evaluate the two systems, as the conditions of small farmers vary greatly. For one, maximum 
return to capital may be the decisive criterion; for another, maximum return to labor or to land. 
For still other farmers, the cash flow may be more critical. In this sense, a "best" method does 
not exist. 

The general conclusion can be drawn that the cacao/laurel system has a comparative advantage 
over the cacao/por6 system for this site in terms of net present worth and benefit-cost ratio for 
both land and labor. The most likely future development of important parameters (especially 
cacao and timber prices) will maintain or increase this advantage. 

The level of capital opportunity costs may change this pattern. In contrast to other factors, they 
are strongly linked to the farmers themselves and their other on-farm activities, off-farm income 
opportunities, labor availability, and level of economization, to name a few. Farmers closely 
linked to the surrounding economy, with access to credit and an almost optimized farm, will 
probably consider a 10% interest rate larger than their real capital costs. Farmers almost at 
subsistence level, whose agricultural production does not involve large amounts of capital inputs, 
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will probably also have a lower capital cost than the chosen 10%. For them, the final amount 
of timber may be of higher value, not only for use on their own farms, but also to obtain a 
large sum of money for exceptional spending, neither of which they would be able to obtain by 
other means. 

For the farmers between these two extremes, representing the largest group in most developing 
countries, productive capital and labor are required but are scarce resources. Agricultural 
operations mostly include commercial inputs, and, in fact, a process of substitution of labor by 
capital is observed (e.g., by using herbicides instead of hand weeding) but often at a level far 
from optimum. Hence, considerable marginal returns to extra commercial inputs are possible. 
As these farmers normally do not have easy access to credit at bank rates, a 10% interest rate 
may considerably underestimate their opportunity costs of capital. 

The projection until year 25 shows that the cacao/laurel system will maintain its advantage with 
the given assumptions. The year 13 can thus be considered as a base level from which, in the 
future, this system will have economic advantages over the cacao/por6 system. This is an 
important conclusion in the light of risk management (e.g., if there is a total collapse of cacao 
prices or, as has currently occurred in the Atlantic zone of Costa Rica and Panam" where 
farmers decide to destroy the cacao because of disease). Then, the accumulated value of the 
timber works as insurance, providing capital to start other activities. 

Thus, for the analyzed case, "Yes, but. .. " is the only answer to the initial question: Does the 
timber production at the end of the cropping system's life cycle outweigh, over time, the 
supposed positive effect of the legume tree on crop production? One or the other system may 
be preferable, depending on the one hand on the opportunity costs of capital,oon the other hand 
on the less quantifiable factors of risk management and appreciation of the saving function of 
the timber trees. More research has to be done, in other environments, with other crops and 
timber species, but extension services should definitely include this kind of production system 
in their recommendations. Finally, the farmer will choose to accept it or not according to his 
own criteria. 
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Critique of 

ECONOMIC EVALUATION OF AGROFORESTRY SYSTEMS OF CACAO 
(THEOBROMA CACAO) WITH LAUREL (CORDIA ALL10DORA) AND 
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by 
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Friday, Kella Lekhraj, Donald Street, Jim Fownes 

PROBLEM STATEMENT AND HYPOmESIS 

The problem statement was clear, being a comparison of returns to farmers from two 
agroforestry technology options in cacao fields. 

METHODOLOGY 

The valuation of costs and benefits was appropriate and well explained. The group agreed it 
was appropriate to extend the analyses beyond the 13-year experimental period to a more likely 
time horizon of 25 years. Internal rate of return (IRR) would not have been an appropriate 
tool for evaluation because of the markedly different timings of the benefit streams. A question 
was raised concerning how the results could be extrapolated to farms, given differences between 
local farmer practice and the experimental conditions. Follow-up to determine relevance to 
farmers might be performed. 

An important issue was the validity of an economic analysis based on a production (i.e., cacao 
yield) difference that was not statistically significant. Sensitivity analysis showed situations 
where cacao with por6 would be more profitable. This would be eliminated if the yields were 
equal. 

The type of experimental trial used for this study was a "prototype" trial in which the overall 
performance of a specified agroforestry technology is compared against that of another. Some 
members of the working group felt that it would have been better for economic analysis to have 
a factorial type of trial, with different factors and factor levels tested. However, smaller plot 
sizes common in factorial trials may further bias management data. It would be inappropriate, 
for example, to make generalizations from this trial on the relative economic value of nitrogen 
fixing trees because many things differed between the treatments. This is not a criticism of the 
paper, but it points to the value of including these considerations at the onset of field research. 

DATA COLLECTION AND FIELD MEASUREMENT 

Most field data collection was not performed by the author. He highlighted some of the 
difficulties in using other people's records, such as missing or inaccurate data, as well as the 
social delicacies of using data of other researchers. 
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A clearer explanation of data sources for laurel prices is needed. There should be more 
discussion and/or sensitivity analyses of labor and other cost figures, which were probably quite 
variable over the life of the experiment. 

INTERPRETATION OF DATA 

The main question in interpreting results is how to interpret the slightly higher (but not 
significantly different) production in the por6 treatment. Other evidence discussed failed to 
document a significant effect of por6 on soil fertility. For cost/benefit and cash flow analyses, 
this distinction is relatively unimportant; small differences in production are reflected in small 
differences in benefits. However, the sensitivity analysis (Figures 1 through 3) would be 
drastically changed. If the difference was taken to be zero, there would be no region where 
cacao with por6 was superior. 

LESSONS LEARNED 

A major lesson from this case study is the value of including economic considerations from the 
beginning of a research project. An alternative treatment structure for the experiment could 
be considered. The study indicated the importance of good records of labor, fertilizer, and 
other inputs and suggested other data to collect to allow extrapolation of results to the local on
farm situation. Both economists and biologists might have suggested larger plots, more 
replication, inclusion of control treatments, or other treatment combinations (specific 
technologies), such as all cacao-por6-laurel. 

Problems of experimental design and analysis for economic analysis suggest that biologists and 
economists need to acknowledge the legitimacy and expertise of one another. Simply declaring 
"Forget experimental statistics!" will not improve the validity of the analysis any more than 
"Forget discount rates!" Second, they point to the importance of variability in both biological 
and economic indicators. It can be misleading to take a sample estimate as a constant value 
where the "true" or population mean can deviate substantially from the sample mean obtained. 
This suggests that good analyses of agroforestry systems must seek a balance in detail, 
approximation, and data reliability between biological and economic factors. 
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SECTION C 

ECONOMIC ASSESSMENT OF 
AGROFORESTRY ON FARMS 





Reiche, Carlos C. Natural Resource Economist, CATIE, Turrialba, Costa Rica. 

8. ECONOMIC ANALYSIS OF LMNG FENCES IN CENTRAL AMERICA: 
DEVELOPMENT OF A METHODOLOGY FOR THE COLLECTION AND 

ANALYSIS OF DATA WITH AN ILLUSTRATIVE EXAMPLE 

Abstract. Central America has experienced a high degree of deforestation and 
degradation of its natural resources, resulting in a scarcity of forest products 
against increasing demands for the same products. As a possible solution, 
development of agroforestry systems has become a priority in the region. To 
show the small farmer that these agroforestry systems are beneficial and also 
to identify the most appropriate systems, good data for analysis are needed. 
During initial phases in the development of socioeconomic research in 
agroforestry systems, there were few or no methodologies available for data 
collection and economic analysis of agroforestry systems. The Tropical 
Agricultural Research and Training Center, CATIE, responded by developing 
standard forms and systematic methodologies, including three approaches, for 
collecting and analyzing this information. The data and summary analysis are 
stored and accessible in a computer database. A summary of these 
methodologies and an example of a to-year financial cash flow analysis of a 
living fence system are presented. It was found that establishing and 
managing 715 m of living fences under small farm conditions generates an 
internal rate of return of 28.8% and a net present value of benefits equivalent 
to $107.23. Using a 12% discount rate, this system represents a profitable 
alternative for the small farmer. 

Key Words: living fences, standardization of data, financial analysis, sensitivity analysis 

DESCRIPTION OF CENTRAL AMERICA 

The Central American isthmus, located in the tropical zone of the Northern Hemisphere, has 
an area of approximately 533,000 square kilometers. The mountainous topography of the 
region, 73% of the land being hilly or mountainous, is a result of its location in a geological 
zone of great seismic activity and continual deposition of volcanic material. The region's 
climate presents a wide variability due to orographical and altitudinal effects and to the isthmus' 
location between two large oceanic climate systems. Total population in 1990 is estimated at 
26.7 million, and its growth rate varies from 2.1 to 3.4% (Leonard 1986). 

In terms of forestry, Central America shows broad reductions in its forest cover. At present 
closed forest covers less than 40% of the total area. Currently, rural populations encounter 
increasing difficulty in obtaining forest products (firewood, sawn wood, wood for rustic 
construction, stakes for climbing crops, fence posts, live-fence post, and charcoal production) 
due to their scarcity. The scarcity of resources and the demand that this generates impose 
greater pressures on existing natural resources and, in many cases, cause an irrational 
overexploitation of these resources. Land tenure and size of farm limit room for tree 
production. 
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AGROFORESTRY FOR IMPROVING FARM PRODUCTIVI1Y AND PROVIDING TREE 
PRODUCTS FOR ON-FARM USE AND SALE 

Agroforestry examples have been developed to demonstrate to the small farmers that, even 
under the restriction of small farm size, it is possible to incorporate a tree component into their 
farm system. 

In Central America diverse indigenous agroforestry systems were developed by local people, 
and some still are the prevalent farming system. During the early stages of the development 
of agroforestry, there were no clear ideas about its dimension. Many ideas and definition were 
expressed (Somarriba 1991). For this paper, it is considered that "agroforestry systems are a 
deliberate combination for the production of trees and shrubs with crops and livestock, within 
a spatial or sequential arrangement and with a significant interaction between forestry 
components for a rational land use purpose" (Borel 1988). 

The range of indigenous agroforestry systems varies according to the diverse agro-ecological 
zones and socioeconomic conditions. Within Central America, prevailing agroforestry models 
are coffee with trees, cacao with trees, pastures with trees, annual crops with trees, fallow land 
use, living fences, home garden mixtures, wind breaks, and others (OTS 1986). 

The challenge for agroforestry is to develop and disseminate agroforestry options; however, 
biophysical, socioeconomic, and institutional constraints are confronted. Farmers are constantly 
confronting social, legal, economic, land size, and tenure constraints. Also, difficulties in the 
accessibility of markets from farms, lack of information about new technical options, and 
restrictions for marketing the forest products are confronted. In addition, there are climatic 
factors, uncertainty, slow tree growth, risk related to fare, pests, poor quality seed, and lack of 
time for planting trees during peak agricultural seasons (Dittborn 1988; Reiche 1989a). These 
and other factors limit the farmers' ability to capture enough interest for planting trees. From 
a local perspective they assign less or no priority to planting trees, preferring to obtain a good 
crop production. 

For small and medium farms (1 to 20 ha), size of landholdings is a common key argument for 
not planting trees. This is true for small farms, especially when the production of trees in 
blocks is recommended. For small farms it is possible to incorporate a forestry component 
within the farm by using living fences. Throughout Central America the establishment of living 
fences is a widespread practice for farm delimitation, protection from soil erosion, prevention 
of trespassing, and for keeping animals away from crops. Fences can be grown by planting 
cuttings or plants and can be used to attach barbed wire. 

A comparison between living fences and wooden fenceposts found multiple advantages from 
live fenceposts. They are cheaper to establish with longer durability, provide protection from 
soil erosion and organic matter for soil enrichment, and provide shelter and food for fauna. 
Among poorer farmers, the use of living fences is very popular because of their aesthetic appeal 
and contribution of additional economic products (Budowski 1982). 

A PRACTICAL METHODOLOGY FOR COLLECTING AND MANAGING ECONOMIC 
INFORMATION THROUGH ON-FARM RESEARCH 

The need for a practical methodology for data collection and analysis. Farmers must be 
convinced to plant trees on their farms. To help the farmer and different endusers in adopting 

194 



technical knowledge, costs and benefits of agroforestry systems are necessary. However, for 
fmancial and economic analysis a limiting factor has been the lack of information on the cost 
of planting, maintenance, management, and harvesting, as well as market prices of products 
coming from these systems. Since presently farmers do not know the economic benefit of trees 
in their farming systems or what is expected from adopting new agroforestry practices, they are 
not interested in planting trees; thus the need for practical methodologies for collecting 
information on inputs, labor, outputs, and production costs from different sets of activities was 
a priority activity for economic research. 

Evolution of methodological approaches for collecting on-farm data (problems and 
constraints encountered). In Latin America economic analysis of agroforestry systems is a 
relatively new concern. In 1980 the Fuelwood Project at CA TIE found that no economic 
information and suitable methodology for collecting data for on-farm tree planting existed. As 
a result, economic analysis was included as part of this project. 

From 1980 to 1985, early work on methodologies for economic data taking and practical 
analysis of forestry and agroforestry systems was designed and used to show the feasibility of 
agroforestry options (Reiche 1988). However, a limiting factor was to collect data costs on pure 
silvicultural research plots, with areas less than one-half hectare. The initial economic 
conclusions were that real costs and benefits cannot be drawn using plots on which biophysics 
or pure experimental research were carried out. However, better data, such as labor, inputs, 
and cost for the establishing and managing of forestry activities were obtained during 1981-87 
on 546 demonstration plots, even though this was part of an experimental research and more 
oriented to on-farm conditions. Most of the demonstration plots were small plantation in 
blocks to see the growth and yield of a wide range of species. Initial results were analyzed and 
published (McKenzie 1991). 

Another problem was related when the cost of an agroforestry activity was presented only as 
a total cost, without indicating the number of work-days and the quantity of inputs. It was 
experienced that reports for a specific year using the total cost of activities carried out in the 
past were not adequate for the next or subsequent years. Adjustments were always necessary. 
To avoid such correction and also to avoid a long wait until a complete set of costs and benefits 
could be obtained, a standard approach was developed. 

The methodology for collecting data. In 1986 there was not yet a structured socioeconomic 
database, although a substantial amount of data was already available (Reiche 1988). The 
definition of a "minimum set" for agroforestry systems and other socioeconomic variables was 
one of the key activities. The idea permitted the design of a refmed methodology for data 
collection from two approaches: data collection from individual forestry or agroforestry 
operations and data collection from on-farm activities. 

Data collection from individual operations. Systematic compilation of field 
information on individual activities from multipurpose tree production systems and under 
different conditions has been carried out. The idea is not only to determine the productivity of 
labor by process or individual operation, but also to predict labor and input requirements and 
the corresponding costs for a variety of site conditions. It is expected to provide help in 
selecting lower cost systems, design better systems of production or organization, and to support 
the elaboration of agroforestry projects with up-to-date information. 
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The research results provide reliable information for the prediction of costs of forestry and 
agroforestry systems on a regional basis. The value of the regional database was demonstrated 
in 1989 when a request was received for costs on 2,000-5,000 plant nurseries for Guatemala. 
Although data on that size of nursery were not available for Guatemala, it was available from 
EI Salvador. 

The methodology for collecting and managing economic information includes three approaches 
(Reiche 1989a). 

(1) Timed measurement of labor productivity by activity. This is the more detailed, 
practical, and accurate method for economic data taking. Individual operations or activities and 
their corresponding outputs are measured under controlled time. In this case dead time is 
taken into account. With this method the enumerator must measure a fraction of or the 
complete activity and output of such activity recording time data from time initiated to the time 
of completion. The differences between the starting and the fInishing times are calculated for 
the output produced in that time interval. This method can be used at any time and under 
different conditions when a forestry or agroforestry activity is carried out. For example, a 
farmer from J utiapa, Guatemala, was observed when he was controlling weeds with a machete 
on a forestry plot with 37% slope, planted in 1987. Between 7:00 and 9:10 a.m he cleaned 138 
m2

• In the same way and for the same activity and site, 11 observations were undertaken at 
different dates and hours. With this particular set of observation and measurements from other 
sites, an average output of 91.80 m2 per hour was calculated. 

(2) Timed measurement of labor productivity by complete operation. This is another 
practical method. It is less detailed, with lower accuracy, but with suffIcient reliability and 
utility. It consists of taking complete time to fInish an operation, inputs and output information, 
registered upon completing a specifIc forestry or agroforestry operation. This method is 
cheaper and accurate for measurement of complete output and materials, but less accurate 
when there is a need to know a partial number of workers from an activity, or the breaks and 
dead time occurring during an operation of a particular activity. The accuracy of this method 
depends on the observer. For example, in EI Salvador a crew of 6 workers planted 1,270 
leucaena seedlings in plastic bags in 8 hours. This activity included digging of the pits as well 
as actually planting the seedlings. The productivity of this activity was 26 seedlings planted per 
work-hour on this individual site. 

(3) Recuperation of data from plantation already established. The third optional 
method for collecting forestry or agroforestry economic information is by reconstructing or 
recovering cost, number of workers, and outputs produced from any operation or activity 
performed in the past. This method permits capturing historic data for forestry or agroforestry 
systems from secondary sources in a format less detailed than the two methods already 
mentioned. The only limitation of this method is the lack of detail in describing the activities 
performed on a specifIc site. However, it has many advantages because information can be 
obtained from forestry or agroforestry systems with no data currently available. During the 
field testing of this methodology, it was found that farmers are able to remember easily when 
activities occurred, the number of workers, and the output for different operations or activities 
performed in the past. For example, in El Salvador, a Cooperative was asked about the 
activities, labor, and inputs required for the establishment of a forestry plot. They recalled that 
a crew of 8 workers performed 20,000 pits during 52 hours. This means that for this particular 
activity each worker produced 48 pits per hour. 
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Data collection from on-farm activities. It was found that a general lack of good information 
on the economics of on-farm tree production exists. As a response to this shortage of 
information, the demonstration farm approach was developed to help understand on-farm 
problems, to develop different tree production options, and to show the technical and economic 
feasibility of on-farm tree production and management. 

The idea is to analyze on-farm activities and production systems as a basis for assessing and 
identifying limitations and potentials that allow for the development of an on-farm forestry 
component. In addition, it is envisioned as a means to help in designing and evaluating 
different options for establishing and managing forestry or agroforestry systems under 
representative farm conditions and to serve as demonstrative models, not only to show technical 
and financial feasibility of the tree component but also to generate income, sustained 
production, and other derived economic benefits (Reiche 1989a). 

The demonstration farms are currently being used by extensionists as models to show farmers 
how forestry or agroforestry options can be incorporated into farming systems and, at the same 
time, to systematically gather information on labor, inputs, and production from farming 
systems with and without forestry and agroforestry systems. 

From the methodological point of view, the initial assessment, planning, and ongoing monitoring 
process provides the type of socioeconomic information required for comprehensive ex-ante, 
ongoing, and ex-post economic analysis. For collecting this socioeconomic information, different 
manuals and standard forms were developed (CATIE 1987, 1988a, 1988b, 1988c). 

From each country in Central America data collection from individual operations and from on
farm activities is carried out by technicians previously trained in close collaboration with 
farmers and supervised by a national economist. Standard forms and manuals are used to 
assure accuracy and real information. 

STANDARDIZATION OF DATA COLLECI'ION ON A REGIONAL LEVEL 

For the standardization of data collection, the concept of a minimum set was developed. The 
use of a minimum set of variables permits the researcher to see the variables that are common 
to more than one regional study and standardize their entry into a structured database which 
allows for interchange among components. Standardization required not only the definition and 
prioritizing of the necessities of the endusers, but also the standardization of forms, manuals, 
and instructions for collecting socioeconomic information (Current 1989). 

The minimum set of variables consists of the information required to elaborate the products 
identified. The process of defining the minimum set for the socioeconomic component of the 
Information Management of Tree Resources (MIRA) System was based upon (1) the 
socioeconomic research of the Madelena Project, (2) the results of the socioeconomic research 
as defmed by end users, and (3) preliminary ideas and documents on the minimum set of 
variables prepared (Reiche 1988; Mckenzie 1988). The defmition of the minimum set of 
variables represented an important step in the development of the socioeconomic component 
of the MIRA System. 

The uses of the minimum set of variables include (1) aiding with the design of the logical 
structure of the database, (2) serving as a basis for the defmition of the identifier variables of 
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files that permit the linking of mes, and (3) identifying the variables or fields that the studies 
have in common for standardizing the collection and entrance of data into the database. 

Variables are divided into categories such as: (1) general variables such as a farmer's name, 
enumerator, and date; (2) location-country, region, name of the farm, district, community, and 
the latitude and longitude; (3) physical and biological aspects such as climatic variables, 
topography, vegetation, type of soil; (4) systems of production such as nursery, pure plantations, 
agroforestry combinations, living fences, individual trees; (5) description of the operation which 
include the identification and the description of the operation, labor, inputs, price of word-day, 
output per activity; (6) market aspects such as dimensions and characteristics of the tree 
products, species, production, commercialization system, consumers by location, quantities 
consumed, selling and buying prices; (7) social aspects; and (8) social and institutional aspects. 
Variables include general econcmics activities such as agriculture, forestry, industry, and 
commercialization and social aspects such as population by economic activity, size of family, 
immigration, income, and type of household. 

DATABASE AS AN AID TO DATA ANALYSIS 

To generate expected products for endusers (technicians and farmers) the socioeconomic 
database was developed (Current 1991). The development included four steps: (1) identification 
and prioritization of the needs of the users; (2) revision and standardization of the forms and 
variables to be collected; (3) collection and verification of the information; and (4) 
implementation and testing of the database. 

The advantage of a computerized database is that once data are entered into it the information 
is available for retrieval, performing analysis, and formatting for production of a variety of 
products. It also provides the possibility of doing a more detailed and varied analysis when 
necessary and provides an institutional memory. In the past much data gathered through 
research efforts have been lost for lack of a suitable means for storage and retrieval. Computer 
technology has provided an appropriate means for registering, analyzing, and storing 
information for present and future data analysis needs. 

The implementation of the database has consisted of: 

(1) Data entry into tables of the database. The responsibility for entering information 
was transferred to the countries that cooperate with the Project, which represents a key 
accomplishment. For the first time, data entry has been poSSIble with the MIRA System 
through training and development of interactive programs. 

(2) Preparation of reports and lists. By using database management programs and 
data generated in the field, it has been possible to develop interactive programs that permit 
elaboration of fmal reports and intermediate analysis in accordance with diverse necessities of 
the database users. For the production processes reports of 1987, recent information entered 
into the database was used for preparing the report in Guatemala, Honduras, and Costa Rica. 

(3) Special analysis of the infonnation. This step concentrates on more concrete 
results and strong efforts. Progress was achieved in the production processes, demonstration 
farms, and price bulletins. This effort included two formal reports on the Central American 
costs of plantations for 1988-89 and some working documents (Reiche et al. 1990). 
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The results of the socioeconomic research can be useful for other organizations working with 
forestry and agroforestry development within the region. It should also be recognized that the 
results and methodologies of the research can be useful to users outside the region. 

FINANCIAL ANALYSIS OF A LMNG FENCE CASE IN CENTRAL AMERICA 

In Central America one common argument for not planting trees is the small size of 
landholding and long wait until production. This is true for small farms, especially when the 
production of trees in blocks and with species of long rotation is recommended. SmaU farmers 
need the land for crop production. However, experience showed that even under the restriction 
of size, it is possible to incorporate a forestry component within small farms by using living 
fences with fast -growing species. The living fence is an agroforestry system and is advantageous 
for farm delimitation, protection from soil erosion, prevention of trespassing, and for keeping 
animals away from crops. Also, cost is low for establishment and maintenance, and additional 
products such as fuelwood, posts, and materials for construction can be obtained. Instead of 
dead posts and other non-wood fences, many farmers in Central America are using living fences 
as part of their farming system. 

Common species used in Central America are Gliricidia sepium, Dyphisa robinoides, Bursera 
simaruba, Yucca elephalJtipes, Tabebuia rosea, MicolJia argelJtea, EugelJia jambos, and SpolJdios 
purpurea. Recently, some farmers have introduced and used Eucalyptus camaldulelJsis as a 
living fence because it is a fast -growing species and able to coppice. 

Methodology of analysis. Any agroforestry system can be evaluated according to its impact on 
the objectives of private income generation, employment, regional income, aggregate 
consumption, and merit wants. In this case, private fmancial profitability at market prices are 
calculated. It permits linking the technical aspects of the living fence system with the fmancial 
and the economic analysis. Costs and benefits are measured in terms of local prices, and an 
individual farm is used to demonstrate the feasibility of incorporating living fences as an 
agroforestry option. Although it is recognized that not all the production will be marketed but 
will be consumed by the household itself, it is assumed that all production will be sold in the 
market. Only those inputs, outputs, and residual trees within the farm area were included in 
the analysis, and the prices used to value the various elements were those faced by the farmer. 
This level of analysis is expected to contribute in defining the feasibility of living fence as 
perceived by this individual farmer. The analysis does not pretend to extrapolate results to 
other farms, given the site-specific characteristics of this farm. Calculation of indirect costs and 
benefits and adjustment of local prices to shadow prices are not included in this paper. Also, 
there might be some environmental effects, but this is not considered in the fmancial analysis. 

The financial analysis applied considered a stream of benefits and costs over a period of 10 
years. Information on costs and benefits was coUected systematically using the demonstration 
farm approach and complementing it with data coUected using the individual operation method. 
Benefits and positive residuals include fuelwood, posts, and standing trees at the end of the ten
year cycle. The monitoring process considered variables such as number of work-days and costs 
of establishment, maintenance, and harvesting, including the cost of the corresponding inputs 
for each activity. Also, all benefits and costs were valued using available local market prices. 
At present and due to high deforestation rates, the scarcity of fuelwood, posts, wood, and other 
forestry products is a prevalent problem. Commercialization of these products is possible. 
Market values are always available (Proyecto Cultivo 1991). 
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For a private agroforestry analysis, the discount rate must reflect the marginal cost of money 
to the farmer for whom the analysis is being done. In this case there are no loan funds 
available for agroforestry; thus, there are no experiences with interest rates for financing these 
activities. Derived from current agriculture and livestock enterprises, a 12% discount rate was 
used to calculate the net present value of the future amounts. In Guatemala, governments and 
banks currently use an interest rate between 10% and 15% for such activities, which is thought 
to reflect the scarcity value of capital. By using the Cash software (Belli et al. 1986), 
conventional indicators, such as net present benefits, internal rate of return, and cost-benefit 
ratio were calculated and a sensitivity analysis was performed, assuming a 10% change in labor 
and input prices (Annex 1). 

The examples correspond to a small farm of 14.7 ha (8.38 ha of the owner and 632 ha used 
as a communal area) located with:n the municipal of Jalpatagua, department of Jutiapa, south
east of Guatemala. In general, this area is located within the sub-tropical humid forest life 
zone. As an average, the annual temperature is about 22.40 C, rainfall is 1,640 mm/year, and 
the area corresponds to the V, VI, and VII types of agroecological system. This is a semi-arid 
area and uncertainty of rain during planting season is a limiting factor. As a result, traditional 
farming systems such as the intercropping of maize with sorghum, maize with beans, and the 
production of rice, beans, and tomatoes are a common practice. In some cases, livestock are 
for dual production, such as meat and milk. Also, the production of pork is an activity in this 
area. 

The selected farm was chosen in 1987 to participate as one of the 34 demonstration farms for 
multipurpose tree production in Central America. This farm is representative of the general 
conditions of other farms within the area. Seventy-eight percent of the farmland has more than 
30% slope with rocks and only 22% is flat area. 

Before selection, no trees had been planted by the owner. For this paper it is assumed to be 
similar to the case without living fences previously mentioned. After a rigorous selection of 
farms, followed by an initial social and economic assessment (without a case of agroforestry 
systems), it was found that the farming system in the flat area was integrated with small plots 
of corn, sorghum, cassava, and beans. On the irregular area, pasture and livestock for the 
production of meat and milk were found (Table 1). The farmer expressed that he would like 
to plant trees in order to have a better land use and as a source of wood, post, fuelwood, and 
other wood products. Based on the data collected during 1988, it was found that the 
corresponding annual budgets for the production of these systems generated a gross margin 
income of US$1,528.21/year. From this amount and for family expenses such as food and other 
items, a requirement of $1,318.68/year was estimated by the farmer. This leaves approximately 
$209.53 to be used for reinvestment in other production alternatives. 

After the initial assessment, and without much modification of the traditional system, a p}apning 
process for incorporating the tree component was developed in close consultation with the 
owner. Based on the farmer's objectives, it was decided to establish three agroforestry systems: 
Eucalyptus with maize, Casuarina with maize, and 715 m of living fence with Eucalyptus 
camaldulensis (Table 2). Management of these agroforestry systems was designed and included 
as part of the production plan. For instance, and for the living fence, it was decided to plant 
trees in bags close to the existing dead posts and to wait until the plants reached an adequate 
size to install the wire and then to eliminate the dead posts. Planting distances were 2.5 m. 
The first harvest was planned to be after 5 years. For each tree it was estimated to obtain one 
post, one rafter for rural construction, and 0.020 m3 of fuelwood. Since this species regrows 
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after the first harvest, it was estimated the same production would be obtained at the end of 
10 years; however, and for the purpose of this study, a very conservative yield was included 
(Annex 2). 

Since 1987, information on labor, inputs, and the corresponding costs for agricultural production 
and for the establishment and maintenance of the tree component has been systematically 
gathered day to day by a technician of the Madelena project, in close collaboration with the 
farmer. Training of data collectors was always necessary and manuals and forms for monitoring 
the demonstration farms were systematically used. 

Table 1. Without living fences (gross margin Income from existing farming system on a 
selected farm In southeastern Guatemala). 

Farming systems Cultivated area 

Corn-sorghum 
Cassava 
Beans 
Pasture and livestock 

Area under cultivation 

Source: De Le6n and G6mez (1991). 
• Seasonal production between 1988 and 1989. 
Q = Quetzale. Q2.73 = 1US$ in 1988. 

-ba-

1.40 
0.35 
0.70 

12.00 

14.45 

Gross income/year· 

-US $-

568.50 
531.14 
107.69 
320.88 

1528.21 

Table 2. With agroforestry systems (area, number of trees, and investment for the 
agroforestry systems established In the selected farm from southeastern 
Guatemala). 

Agroforestry Area Number Investment US$2 
system planted Unit of treesl Year 1 Year'l! 

Eucalyptus-maize 0.17 ha 337 71.39 2.93 
Casuarina-maize 0.15 ha 314 59.20 4.83 
Living fence 715.00 m 514 61.61 28.94 

Total (0.32 ha + 715 m) 1165 192.20 36.70 

Source: De Le6n and G6mez (1991). 
1 Number of trees established in 1987 and 1988. 
2 In the case of trees with maize, it only takes into account the additional investment after 

subtracting the incomes from the system. 
3 Year 1: From 04/15/88 to 04/14/89. 

Year 2: From 04/15/89 to 04/14/90. 

The case study is focused on the financial analysis of the living fence. The analysis assumed 
two rotations during a 10-year period. Two years of real information was obtained from the 
selected demonstration farm. Values of yields and residual trees after the 10-year period were 
estimated from growth tables for Eucalyptus camaldulensis (Martinez 1990). 
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Analysis of results. Results of the investment analyses are shown in Table 3 and the 
corresponding cash flow is presented in Annex 3. In interpreting these figures, the data show 
that the use of living fences as a complement of agricultural production increases farm 
investment returns. The net present value of benefits for living fences is estimated at 
US$107.23. These findings suggest that, for farms with restrictions ofland size, the introduction 
of living fences has a significant impact on farm incomes, with an investment in establishment 
of $90.55, over a 2-year period. This represents a 52% investment in labor cost and a 48% 
investment for the cost of seedlings. Twenty-five percent of the labor used comes from family 
labor and 75% from hired labor. Using a 12% discount rate for investments, the living fence 
generates $0.90 return per dollar invested. The estimated internal rate of return is 28.80%, 
which represents a profitable alternative for the small farmer in comparison with the 
commercial rate of 12%. Also, it was found that the farmer needs to wait only for the first 
harvest to repay the investment. 

Table 3. Financial analysis of living fence (investment performance analysis with 12% rate of 
discount and a 10-year time horizon; US$). 

Net present value (NPV) 
Equivalent annual (periodic) income 
Benefit/cost ratio 
Periods to repay at discount 
Internal rate of return 

$107.23 
$20.13 

2.90 
4 years 
28.80% 

A sensitivity analysis was carried out. It refers to what would happen to the NPV if there are 
10% changes (increase or decrease) in each expenditure and receipt. The relative magnitUdes 
of the changes show the relative impacts of these changes in the expenditure and in the receipt. 
In the living fence case presented, the greatest impact would result with possible changes in 
product sales (due to changes in prices or production) for posts and the least impact from 
changes in land preparation cost. For example, if the sale value for posts decreases by 10%, the 
NPV would have dropped by $15.65 to $91.58. On the other hand, if the value increases by 10% 
the NPV increases to $122.88 (Annex 1). 

Without much detail, a total farm analysis was carried out. Financial comparison between with 
and without the agroforestry systems was prepared. In general, it was estimated that the 
inclusion of the three agroforestry components within the traditional farming system in this 
farm can generate an additional net present benefit of US$238.64. The positive result is due 
to the relative small area of these agroforestry systems, and as a result the investment cost is 
spread during the initial year. 

LESSONS LEARNED: CONCLUSIONS 

Need for standardization. Learning from the experience of the Lena/Madelena Projects in 
Central America, it has been possible to standardize data gathering on a regional basis allowing 
development professionals to share data and results of analysis. In many cases data unavailable 
in one country or region may be obtained from another country or region, allowing for 
complementary efforts and avoiding the duplication of efforts. Without standardization it is 
almost impossible to compare data from different sources. The standardization requires 
standard forms and methodologies for collecting information at the field level through analysis. 
Manuals, guides, forms, a minimum data set, and a structured database were designed to 
standardize the information. 
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Good data registration is necessary. In addition to the standardization of data gathering and 
recording methodology, there is a real need to train enumerators in the taking of good reliable 
data. This training needs to be supported by the development of appropriate forms and by 
manuals for training and reference. Training and the preparation of manuals must be 
supported by supervision of the data-gathering activities to ensure data gathered are recorded 
correctly and to work out any problems encountered by enumerators. 

Need to identify endusers and their information needs. Before even thinking about data 
gathering, it is imperative that the desired outputs from the research activities be defined by 
the total spectrum of possible end users of the information. This definition should include a 
description or example of the format to be used to report the results of analysis. This is 
particularly important for the development of database systems and will allow the users to take 
advantage of the wide variety of reporting options available through current database programs. 

Need to exchange experiences and collaborate on information gathering and economic 
analysis. The field of economic analysis of agroforestry options is a relatively new research 
area that will require innovative approaches to data analysis. To be able to take advantage of 
the current research in this area, professionals need to develop mechanisms to share 
experiences and promote standardized formats to gather appropriate data and perform analyses 
of agroforestry systems. 
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ANNEX 1: Sensitivity of performance to a 10% change in input values. (All monetary 
values are in dollars.) 

Term changed 

Land preparation 
Planting 
Maintenance 
Product preparation 
Fuelwood 
Posts 
Residual tree 

• EAI = Equivalent annual income. 

NPV change 

0.15 
3.98 
4.62 
3.11 
3.14 

15.65 
3.79 
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EAr change 

0.03 
0.75 
0.87 
0.58 
0.59 
2.94 
0.71 



ANNEX 2: Conservative estimation of yield and products from 715 m (514 trees) of living 
fence with Eucalyptus CIR1IIIIduJensi, Jutiapa, Guatemala. Two rotations. 

Products 

Fuelwood (m3
) 

Posts (unit) 

Yield 1st harvest 
5 years 

4.3 
286.0 

Yield 2nd harvest 
10 years 

4.3 
286.0 

ANNEX 3: Case study for the financial analysis of a living fence. Analysis of the Inputs and 
output values. 

Investment size 
Time horizon 
Discount rate 

715 m 
10 years 
12.00% 

Cash flow pattern by period (all values are in dollars per unit). 

Period 
Item 2 3 4 :l 6 7 

l.aDd preparation lA7 0.00 0.00 0.00 0.00 0.00 0.00 
PJantina 3231 SA2 0.00 0.00 0.00 0.00 0.00 
MaintelUlllCO 27.84 20.:11 0.00 0.00 0.00 0.00 0.00 
Product preparation 0.00 0.00 0.00 0.00 31.21 0.00 0.00 

Total period CXlIU 61.62 28.93 0.00 0.00 31.21 0.00 0.00 
Cum tOlal cost 61.62 9O.:l:l 9O.:l:l 9O.:l:l 121.76 121.76 121.76 

Fuelwood 0.00 0.00 0.00 0.00 31.:10 0.00 0.00 
Posts 0.00 0.00 0.00 0.00 1:17.14 0.00 0.00 
ReoiduaJ tree 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

TOIa1 period reven .... 0.00 0.00 0.00 0.00 18&64 0.00 0.00 
Cum total revenue 0.00 0.00 0.00 0.00 18&64 188.64 188.64 

Period net revenues -61.62 .28.93 0.00 0.00 1:17..43 0.00 0.00 
Cum Del revenue ~1.62 -90.:l:l -90.:l:l -90.:l:l 66.88 66.88 66.88 
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ECONOMIC ANALYSIS OF LMNG FENCES IN CENTRAL AMERICA: 
DEVELOPMENT OF A METHODOLOGY FOR TIlE COLLECTION AND 

ANALYSIS OF DATA WITH AN ILLUSTRATIVE EXAMPLE 
(Carlos C. Reiche) 

by 

Sara J. Scherr (chair), Joshua Daniel (rapporteur), Peter Hazelwood, Rigoberto Romero, 
Sompetch Mungkordin, Paul Wojtkowski, Mark Buccowich 

PROBLEM STATEMENT AND HYPOTHESIS 

The first part of this paper is a detailed description of the methodology developed by CA TIE 
for collecting and managing data on agroforestry technologies. The merits of a minimum 
dataset for field studies are discussed. A case study on living fence is presented in the second 
half. A clearer statement of the problem and hypothesis would strengthen the paper. 

METHODOWGY 

The investigator used the demonstration farm approach to develop information on the 
economics of on-farm tree production. Such demonstration farms are better than experimental 
plots, which are normally small, for the study of technologies such as living fences. 
Demonstration farms, like experimental trials, may still be sited in relatively ideal conditions 
and receive focused efforts, which bias economic analysis. 

Out of the SOO farms in the study, living fences were established on 34 farms. A brief 
description of the systems studied in the other farms would give the reader a better 
understanding of the scope of the investigation. The paper does not state the treatments or 
who makes the farm management decisions. Particulars about the technology tested, 
management, species selection, tree-crop interface, and alternative technologies available are 
not provided. This makes it difficult to interpret or extrapolate the results. Although 
mentioned in the introduction, outputs are not specifIed. 

Net present value is calculated from discounted costs and benefits of a living fence fully 
established in year one, along with the simpler analysis of payback period. Results from such 
an analysis may be misleading, as farmers may actually spread initial investment costs over 
several years. In those cases, a budget analysis might be appropriate or complementary to NPV 
analysis. An analysis comparing living fences with alternative options available to farmers (e.g., 
barbed wire or no fencing) would have provided a more complete context for decision making. 
It would be useful to indicate the types of budget analyses done by the project, to feed into 
cost-benefit analysis. 

It is not clear what types of farmers would have the typesflevels of costs and benefits indicated. 
This was taken into account when farmers were selected for demonstration farm establishment 
but is not indicated. The demonstration farm assessed was 14 hectares; costs and benefits may 
be different from those for typical smallholders in Guatemala. 
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DATA COLLECTION AND FIELD MEASUREMENT 

A minimum data set was used for data collection, but the list of variables is not included. A 
summary of the types of data collected in the minimum data set would be a useful annex to the 
paper. In addition to physical and biological measurements, data on any environmental effects 
of living fences would be useful. 

More information on data collection procedures would help, for example, the reader, who trains 
the data collectors, details of training, monitoring, frequency, and cost of data collection. 
Biological constraints to management would be useful to specify. An evaluation by farmers 
about living fences would be valuable. 

INTERPRETATION OF DATA 

The analysis demonstrates that living fences can provide financial benefits to farmers. Because 
of incomplete data, however, it is difficult to understand certain interpretations. A living fence 
may also have a service function, as it provides protection to the farm, but this contribution was 
not assessed. 

The systematic method of data collection used here is very impressive. It would be useful to 
identify key data that would need to be collected for economic assessment by users with fewer 
resources available for data collection. 

LESSONS LEARNED 

The investigator has systematically collected production and socioeconomic data for use in 
economic analyses. This addressed a key constraint found in most other studies presented at 
the workshop. Use of practical parameters like payback period and the fact that the study was 
implemented on-farm greatly increased its value for practical applications. 
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Saxena, N. C. Oxford Forestry Institute, South Parks Road, Oxford, OX1 3RB, United 
Kingdom. 

9. CROP LOSSES AND mEIR ECONOMIC IMPLICATIONS DUE TO 
GROWING OF EUCALYPTUS ON FIELD BUNDs-A PILOT SnJDY* 

Abstract. The paper presents evidence, collected mainly through interviews 
with farmers in northwest India, regarding crop losses suffered by the farmers 
planting Eucalyptus on farm bunds. Farmers experienced lower crop yield in 
a width of strip measuring 2 to 10 meters next to the tree line. These losses 
drastically reduced the profits farmers were expecting from the sale of trees. 
The average B-C ratio at 15% discount rate would have been 9.2 without 
these losses, but came down to just about 2 when crop losses were taken into 
account. The reduced profit margin was not perceived to be sufficiently high 
to cover risk of production and of fluctuating output prices, and therefore 
none of the farmers replanted Eucalyptus after sale. Many even uprooted the 
coppice roots and went back to annual cropping. 

Key words: crop losses, Eucalyptus, tree-crop interface, economic analysis, boundary plantation 

INTRODUCTION 

During the early 1980s farmers in India planted trees, mainly Eucalyptus hybrid, on farmlands 
on a massive scale, expecting to make good profits through sale of trees as poles, pulpwood, 
and small timber (FAO 1985, 1986; Foley and Bernard 1984; USAID 1988). Many recent 
reports, however, show that there is a significant decline in the farmers' enthusiasm for farm 
forestry (FAO 1988; ORG 1990a, 1990b; SIDA 1990; World Bank 1990). The unpopularity of 
Eucalyptus with the farmers in states like Gujarat, UUar Pradesh (U.P.), Haryana and the 
Punjab, where it had been extremely sought after a few years before, was earlier hypothesized 
as due to rigidities in the operation of wood markets and to the lack of demand for the kind 
of wood produced by them (Chambers et al. 1989; Saxena 1991a). Field data, based on a pilot 
survey of four villages in northwest India, while confirming these (Saxena 1990a, 1990b, 1991b), 
showed that farmers' disenchantment was also due to the loss in crop production which they 
suffered when Eucalyptus was planted on field boundaries. This paper, based largely on 
interviews with farmers and on data collected from them during two crop seasons, is an effort 
to understand farmers' views regarding these losses. Its implications for the farmers' decision 
to retain trees on farms are also discussed. As the number of farmers from whom quantitative 
data were collected is only 28, the scope of the present paper is rather modest; it is exploratory 
and does not provide scientific evidence on the issues raised by the farmers. Our analysis will 
perhaps provoke a more rigorous research in the future. 

As our results are different from the studies published so far, a brief literature review is 
presented first. 

* This article is in press and is reprinted with the permission of Agroforestry Systems. 
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OTHER STUDIES RELATING TO CROP WSSES 

Many studies on the fmancial analysis of Eucalyptus on farm bunds in north India have ignored 
its effect on crop production (Chatha et al. 1988; Shukla et al. 1988; Singh 1988). whereas some 
others have categorically denied any such loss. For instance, Mathur et al. (1984) concluded, 
"The farmers prefer planting on bunds because of no extra costs are involved on plantation and 
the effect of Eucalyptus on agricultural crops is also negligible." An ex-post evaluation by the 
World Bank of the same region of western U.P. as this paper observed that "cultivation 
foregone with the project is negligible" (World Bank 1989). 

Two recent field studies from northwest India have, however, recorded substantial reduction 
in annual crops due to Eucalyptus. Ahmed (1989) concluded that loss in wheat production due 
to Eucalyptus on bunds was nil in the fust two years, 8.2% of the total output in the 3rd and 
4th year, 13.6% in the 5th and 6th year, and went up to 26.4% in the 7th and 8th year. After 
this the loss increased rapidly to 48.8% for the 9th and 10th year. However, exactly how the 
loss was estimated is not indicated. The other study by Malik and Sharma (1990) describes in 
detail the methodology of estimating loss in crop production. They took a single row of 3.5-
year-old Eucalyptus planted on a 2OO-m long ridge at a spacing of 1.5 m and established 60 
observation plots on 2 ha of wheat and mustard planted on the two sides of the row of trees. 
The grain yield was measured at varying distances from the row of Eucalyptus, which showed 
that the average reduction for the two crops in the 10-m strip next to Eucalyptus was 41%. 

The study was, however, limited to observations made during one cropping season on a single 
row of Eucalyptus. Ahmed, too, gives averages of several farms, implying that financial results 
on all farms were more or less similar. Our observations in the four study villages, on the other 
hand, indicate a great deal of variation across farms in costs incurred, crop losses suffered, 
volume of output achieved, and price per tree realized. Therefore, averages, as estimated by 
Ahmed, or results of a single row as calculated by Malik and Sharma, could be deceptive. The 
variability in crop losses, wood output, and other indices was so large that for a rigorous study 
one would have to take a fairly large sample and measure fmancial results for a couple of years 
to cover one period of Eucalyptus rotation. As this was not possible within the available time 
and resources, recourse was taken to interview farmers through a semi-structured questionnaire. 
Their views are presented in a later section of this paper. Based on these interviews, data were 
collected on the relevant variables, and fmancial results are discussed later. 

THE STUDIED AREA 

In the northwestern region of India, consisting of the Punjab, Haryana, and western U.P., and 
known as the "green revolution" belt of India, farmers had planted Eucalyptus as a cash crop 
and not for ecological benefits like prevention of soil erosion or for trees to act as shelter belts. 
In this fertile region cowdung and crop residues, and not wood, form the main domestic 
cooking fuel. The age-old practice of burning cowdung for fuel has not affected the soil fertility 
of this region, which is maintained through replenishment by alluvium from the hills. Thus 
trees were required neither for ecological functions nor to satisfy subsistence needs in this 
region. Therefore, even if there were any possible benefits to crops from Eucalyptus outside 
the affected band, such benefits were not generally planned for or were not large enough to be 
noticed. 

Field work was done during the winters of 1989-90 and 1990-91 in four villages of western 
U.P., two each from the districts of Muzaffarnagar and Nainital, where commercial growing of 
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Eucalyptus had been practiced for about 10 years (i.e., over a full production and marketing 
cycle). Both monsoon and winter crops in these villages are irrigated with canals and tubewells. 
Data were collected in two stages. First, a complete village census listed the land owned by 
each family and the number of trees owned or planted by them on farm and homestead lands 
in the last 8 years. Out of 997 households in the four villages, 424 had planted more than ten 
trees in the last 8 years. They were arbitrarily dermed as planters. The total number of 
planted trees was 294,230, out of which 88% was Eucalyptus. The model form of planting was 
on field bunds, being done by 83% of the planting farmers. The data also showed that more 
than 50% of the total trees were planted by a few non-resident owners, many of whom had 
substantial urban interests. Since they can hardly be called farmers, we excluded them from 
the population from which sample was drawn for the second stage. Similarly, very small 
farmers, owning less than 0.5 ha of land, who are dependent more on agricultural labor than 
farming, were also excluded from the sample. 

At the second stage, the rest of the farmer-planters were stratified in two groups-large farmers 
owning more than 2.5 ha and small farmers with less than 2.5 ha but with more than 0.5 ha. 
A random sample was drawn from the two groups, keeping the number in the sample 
proportional to the number of planters in each group of the population. The total number of 
planters in each village in the random sample was 25-30. Thus this sample in each village is 
a true representative of all planters living in the village and owning more than 0.5 ha of land. 
Out of 115 planters thus selected 44 had sold Eucalyptus. These were all interviewed 
individually. Out of them 28 had planted Eucalyptus on bunds in only one year, while others 
had planted it either as a block or in more than 1 year on the same field. Information was 
collected from all 28 of them. However, on many issues like inter-seasonal and inter-crop 
differences in losses or relative loss due to root competition and shading, no quantitative data 
were collected, and one had to be content with the general views of farmers only. These are 
discussed below. 

FARMERS' VIEWS ON LOSSES 

Only one farmer said that Eucalyptus increased crop production. The farmer (not among the 
28) who testified to the beneficial effect of trees on crop production had fields next to a lake. 
Thus, the fields became waterlogged after the rains. However, after planting Eucalyptus, he 
found that the water table had gone down, and he could take two crops in place of one, even 
in years of good rainfall. Other farmers, too, although reporting loss, experienced that trees 
close to a water channel caused less reduction in crops. 

Another situation in which Eucalyptus was complementary to the main crop was when it formed 
the outer boundary of a mango grove for protecting the fruit crop against wind. The traditional 
practice was to plant indigenous fuelwood species. In all other cases, the tree-crop interaction 
was described as competitive. 

Farmers assessed the loss by observing the width of the strip from the line of the trees in which 
the crop remained less than normal. They did not notice any loss in the first 2 years, as 
production was uniform throughout the plot irrespective of the presence of trees. From the 
third year onward, they started noticing that the crop next to the tree line was thinner. The 
consensus in the villages was that the loss in the third year, measured in terms of the width of 
the strip in which the crop remained poor, was about half of the loss in subsequent years. From 
the 4th year onward, the loss remained the same up to the year of harvesting, which was usually 
done in the 6th year. 
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Losses were higher for the Robi (winter) than for the Khari! (monsoon) crop. The farmers 
gave several reasons for the inter-seasonal variation in losses. First, there is greater moisture 
stress during the winter months; hence, water absorption by Eucalyptus affected the crops. 
Second, the shading effect of the tree is lower during the sunny and hot monsoon months than 
during the winter months. Third, paddy fields are generally low lying and get enough rain 
water, as well as from canals and tubewells; hence, absorption of water by Eucalyptus does not 
affect paddy production to the same extent as it affects winter crops. 

Among wheat, sugarcane, and potato, the main winter crops, there was no agreement among 
the farmers as to which crop was more prone to losses. Although potato and sugarcane are 
water-demanding crops, and hence should have suffered greater losses, there is a tradition of 
irrigating these crops excessively, which reduces the losses to some extent. On the other hand, 
wheat cannot stand excess irrigation and hence gets limited water, which accentuated the losses. 

According to the farmers, losses from shade were much less than from water absorption, as 
Eucalyptus has a small crown. Despite this, losses also depended on the direction of the 
boundary on which trees were planted. Trees facing north-south caused more damage, as the 
shadows from these trees were longer. But even trees on the east-west boundary caused 
shadow on crops, as the sun in winter months in north India faces south. The experiment 
conducted by Malik and Sharma corroborates this. They, too, found that crops performed 
better on the southern side of the east-west Eucalyptus line as more sunlight is available on the 
south side during winter in the Northern Hemisphere (Malik and Sharma 1990). 

Boundary trees affected crops on the neighbor's fields too, which sometimes led to embittered 
social relations. Some farmers admitted to having planted on bunds only to get even with their 
neighbors. Losses were higher when both farmers had planted Eucalyptus on either side of the 
bund. The side most favored by the farmers for planting of trees was the one next to the road, 
as it acted as a hedge; besides it caused losses only on one side of the plot. 

Farmers in Muzaffarnagar were more vociferous about crop losses than farmers in Nainital, and 
many of them were not planning to take the coppice crop of Eucalyptus. This was presumably 
because of greater depletion of groundwater in the low rainfall villages of Muzaffarnagar 
compared with the humid villages of Nainital. The average annual rainfall in the two districts 
is 750 and 1200 mm, respectively. 

In the four villages studied, there were basically two types of soiI-loamy and sandy-and the 
crop productivity of the former was 20 to 50% higher than on sandy soils. This difference was 
also reflected in the annual rent when farmers leased out plots. When tree density in the 
studied villages was plotted against the quality of soil in the village, it appeared that the number 
of trees on sandy soils was almost three times the number on loamy soils. This was one of the 
ways farmers reduced risk or took greater chance on sandy soils. It was the farmers' view that 
trees, like crops, grew very well on loamy soils, but caused greater damage to the crop. On the 
other hand, they took longer to grow on sandy soils, although the extent of crop loss was less. 

Some farmers in Muzaffarnagar complained that even after the coppice roots were removed, 
production remained below normal in the affected strip for a year or two, but others in the 
same district and almost all in Nainital did not report any reduction in soil fertility after 
Eucalyptus was felled. A study from Gujarat (Wilson and Trivedi 1988) also reported similar 
complaints from the farmers. As sufficient data were not collected on this issue, we have 
ignored the effect of Eucalyptus on soil fertility in our calculations. 
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METHODOWGY FOR DATA COLLECTION 

The 28 farmers under study had planted 18,520 Eucalyptus trees on the bunds of plots 
measuring 87 ha, giving an average planting density of 233 trees per ha. Only 4 out of 28 had 
planted them at a distance of more than 2 m apart, whereas for 12 farmers the spacing was 1 
m or less. Some farmers had planted two adjacent rows of trees on the same line; for them 
the spacing was recorded as half of the actual. The average survival rate was 81%. Of the 
14,990 trees that survived, 7,837 were sold after about 6 years. None of the farmers replanted 
Eucalyptus after harvesting the trees. 

While working out the economics of bund plantation, we shall take into consideration only 
additional costs incurred by the farmer in planting trees and compare this with the additional 
returns. Since the main issue in the study is transition from annual crops to agroforestry and 
back, it was felt that the technique of partial budgeting would be most appropriate. The cost 
consisted of two components: direct cost in raising seedlings, and the loss in crop production 
because of trees on bunds. The methodology of estimating these two components is discussed 
below. 

Direct expenditure on raising trees. Pre planting operations like plowing, manuring, and 
irrigation were done for the main crop and were not paid for separately, nor was any additional 
family labor needed for trees regarding these activities. The extra costs in the first year were 
for digging the pits, for plants and their transport up to the field, manure, and planting of the 
seedlings. The figures for family labor and family supervision were collected in terms of 
work-days and then converted into money value by multiplying it by the prevailing wage rate 
in the village in that year. 

Other operations-irrigation, supervision, and protection-in subsequent years were done along 
with the operation for the main crop and thus did not cost extra to the farmer. Very few 
farmers resorted to gap filling to cover mortality. Some got the branches lopped, but often 
labor did it without any cash wages in lieu of twigs. Therefore the expenditure after the first 
year was small compared to what was incurred in the first year. This was discounted at 15% 
and added to the expenditure for the fIrSt year. 

The total cost per seedling thus calculated has varied a great deal from farmer to farmer, from 
Rs 0.56 to Rs 3.60, if discounted for the year of planting, or Rs 1.26 to Rs 14.13, if compounded 
for the year of harvesting of trees (Rs = Indian rupee, 1 US$ = 20 Rs in 1990). There are 
several reasons for this variation. 

First, the source of seedling varied from farmer to farmer. Some farmers were lucky to get 
subsidized seedlings from the nursery of the Forest Department, the cost of which has varied 
from Rs 0.10 to Rs 0.25 over the years 1981-86. Some others bought seedlings from the open 
market from private nurseries at a cost varying from Rs 0.30 to Rs 2.00. Some large farmers 
raised their own seedlings, and these have been priced at the average market price for that 
year. Second, the distance from where seedlings were obtained and hence the cost of transport 
have also varied. Last, some farmers used fertilizer and insecticide (BHC powder) in the pit 
before planting, while others did not. 

Burden on costs due to losses. Farmers were asked to recall the length from the tree line up 
to which they had noticed the crop loss for each year Eucalyptus remained on the field. Fields 
were visited in Marchi April, when losses were most apparent to the naked eye, and the width 
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of the area in which the crop was sub-normal was assessed in the presence of the farmer. This 
method of measuring crop losses, though not very accurate, reflected the way farmers estimated 
the loss due to bund trees. For instance, when a farmer was asked to quantify loss due to 
Eucalyptus, his answer was invariably in terms of the width of the strip in which the crop 
remained less than normal in the 4th and subsequent years of tree planting. 

As losses in Khan! were less than in the Rabi season and farmers tended to describe the width 
of the strip of land suffering losses during the Rabi season, the width mentioned by them and 
observed during the Rabi was reduced by 20% arbitrarily. It was further divided by two, 
assuming linearity in crop production from nil at the line of the tree to normal at the line up 
to which losses were observed. This figure multiplied by the length of the bund gave the area 
in which no crop grew. The loss in land for each year of rotation, which has varied from 5 to 
7 years, was added to calculate the total loss in land for the entire period of rotation. It was 
assumed that there was no crop loss in the rust 2 years, the loss in the 3rd year was half that 
of losses in the subsequent years, and there was no loss of fertility after trees were harvested. 
These assumptions are based on the information given by farmers, previously discussed. 

The next step was to convert area of land lost into money value. One would have thought that 
farmers would incur less costs in that particular band of land where crops did not grow well due 
to trees. However, all farmers were emphatic in their assertion that there was no reduction in 
the input costs in the affected band, and costs on seeds, water, manure, fertilizer, and harvesting 
remained the same irrespective of trees. They gave several reasons to explain this anomaly. 
First, the important operations involving labor like sowing, removal of weeds, and harvesting 
are done by contract labor and their rates are decided on the basis of the area of the plot and 
the nature of crop in that field. The rates of the wage and contractual labor have not as yet 
become sensitive to the presence of trees on bunds. Second, irrigation is provided through field 
channels, and the amount of time a tubewell is run is determined by the need of the crop which 
remained the same whether there were trees on bunds or not. Third, farmers' experience of 
planting trees is a very recent one, and they would require a little more time to adjust the 
technique of input application so that inputs are not wasted in an area where the crop is not 
likely to be healthy. 

Thus for converting crop loss into money value the area lost (in ha) has been mUltiplied by the 
gross value of farmer's produce per ha per year for the year of harvesting of trees. The direct 
cost incurred by the farmer in planting and raising trees was added (after compounding it at 
15%) to these losses, and the total cost was calculated for the year of harvesting of trees. 

Benefits. The output from trees consisted of the following four items: 

(1) Intermediate products. Twigs and branches were the only intermediate products, 
which planters got from the 3rd year onward. These were largely consumed within the 
household. These have been valued at Rs 150 per ton (about half the value of wood from fully 
matured trees) and have been assumed to be available to the farmer in the year preceding the 
year of harvesting. The quantity of such lops and tops available to the farmers has varied a lot, 
as some large farmers allowed labor to prune the trees and get twigs and branches in lieu of 
payment for labor. More lops and tops were available to the farmers when they sold the trees 
by weight, as traders excluded lops and tops for calculating the weight of the tree. But when 
the basis of sale was units of trees, traders took away the entire lot. 
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(2) Sold trees. Most farmers sold the standing crop. Felling and other charges if 
borne by the farmer were deducted from the gross value obtained in order to calculate the net 
price for standing trees. The prevailing rate in all the four villages was between Rs 2SO and Rs 
350 a ton with bark. When sold by units, the rate has varied from Rs 10 to Rs 100 per tree. 

(3) Unharvested trees. The growth of trees is not uniform over a stand, and 
therefore, farmers harvest the best trees in 5-7 years, leaving the rest to be harvested for a 
later date. Unsold trees were generally much inferior in dimensions to the trees which were 
sold. The market value of unharvested trees in the year of the sale of trees was, therefore, 
taken as half of the harvested trees. 

(4) Coppice crop. The coppice roots would be a fmancialliability if the farmer is 
planning to get them removed (this costs about a rupee a tree) or could provide extra income 
if he is thinking of taking a coppice crop. There is little indication as of now about the growth 
trends, the kind of losses the coppice shoots will cause, or the price they would fetch. The 
valuation of coppice roots thus poses a problem. Also, some farmers are still undecided 
whether or not to take a second rotation of Eucalyptus. Keeping these uncertainties in view, 
we have ignored the future value of coppice roots. 

The total benefit has, therefore, been calculated by adding the fust three items listed. As 
already mentioned, only incremental costs and benefits have been taken into account, ignoring 
the investments and returns from annual crops. 

DATA ANALYSIS 

Of the four important elements which affect the benefit-cost ratio, it is easier to quantify 
two-direct cash and labor costs in raising trees, and the price at which trees were sold. There 
are problems in determining the other two-production lost due to bund trees, and the value 
of unsold trees and coppice roots. We have made some approximations and valued these, 
keeping ourselves as close as possible to the farmers' estimations. The following conclusions 
emerge from the collected data: 

Variability. The input and output variables varied a great deal from farmer to farmer, as 
shown in Table 1. 

Losses due to trees. Table 1 shows that the average direct cost of planting was 5.14 per tree 
(compounded for the year of sale of trees), whereas if crop losses of Rs 16.91 are included, the 
total cost per tree jumps to 22.05. Thus these losses were about three times the direct cost of 
tree raising. T -tests did not show any significant difference between mean losses or B-e ratio 
for different qualities of soil. The correlation coefficient between losses suffered and price 
realized was 0.54 (significant at 1%), showing that trees which gained in girth caused greater 
crop losses. As compared with Nainital' losses were higher in Muzaffarnagar by about 15%, 
but this difference was not significant. 

Coppice crop. Out of the sample of 28, 15 farmers were taking or had decided to take a 
coppice crop, 10 had removed roots, 2 were taking the coppice crop only in that part of the 
field where crop production was not good due to soil or water problems, and 1 farmer was 
undecided. Eighty-nine percent of the farmers in Nainital, but only 37% in Muzaffarnagar, 
were taking a coppice crop, and this difference was significant at 1 %. There was no significant 
difference between small and large farmers, but those taking a coppice crop had a higher land 
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productivity by 11%, and this was significant at 3%. The width of strip in which crop losses 
occurred, as observed by the fanners, was also less for the coppice-takers by 33% (significant 
at 1%), which showed that lower visual losses prompted fanners to retain the coppice roots. 

Table 1. Mean, standard deviation, and range of key variables. 

Variable Mean Std Dev Minimum Maximum 

Land owned (ha) 5.47 3.46 .38 13.33 
Annual crop production/ha (Rs) 13,231 3,174 8,540 20,349 
Space between trees (m) 1.41 .65 .3 3.0 
Density, trees per ha 233 231 21 800 
Width of loss in the 4th 

year and after (m) 5.18 2.33 2 10 
Crop loss per tree during 

the entire rotation (Rs) 16.91 10.03 2.56 41.76 
Expenses per plant (Rs) 5.14 3.19 1.26 14.13 
Value of twigs per 100 

survived trees (Rs) 103 106 0 442 
Sale price/tree (Rs) 44.84 19.57 10.0 100.0 
B-C ratio 2.05 .96 1.15 5.09 

Note - Rupee values have been compounded for the year of sale of the trees at 15%. 

Benefit-cost ratio. The average B-C ratio for 28 farmers was 2.05, with 10 values being less 
than 1.5. Had the coppice crop been arbitrarily valued at 1/2Oth of the sale value of the tree, 
the ratio would have been 2.24. As expected, the correlation coefficient between B-C ratio and 
losses was negative at -0.51 (significant at 1%). Interestingly, the correlation coefficient 
between B-C ratio and space between trees was negative too at -0.60 and significant at 0.1%. 
A possible explanation could be that trees of better dimensions caused more losses, but did not 
fetch proportiona~e higher prices due to market constraints, discussed elsewhere (Saxena 
1991a). Thus farmers were better off by doing close planting, a conclusion which goes against 
the received wisdom on the subject (Chaturvedi 1989). The B-C ratio for farmers taking a 
coppice crop was higher than others by 15%, but this difference was not significant. 

The minimum value of B-C ratio was 1.15. Thus all farmers were better off after planting 
trees. Why did they then give it up or remove the roots? A few possible explanations are 
suggested below. 

Most of the farmers said that they did not make enough profit which would induce them to 
invest in a long gestation crop, like trees, specially when the output price was not guaranteed 
and had been consistently falling over the period 1986-89. At a 15% discount rate no farmer 
lost, but part of the gains were notional as these included amount to be received in the future 
for unsold trees. On the other hand, losses were visible every day and hurt farmers' pride. 
Moreover, some farmers believed that Eucalyptus reduced the fertility of the soil, which made 
them remove coppice roots. 

Farmers compare their gains with what they were expecting. When they planted Eucalyptus, 
they thought they would be able to sell this for at least Rs 100 a tree and with no reduction in 
crop production. However, only one farmer was anywhere near the expected price. Except for 
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a few farmers in Nainital villages, others were unanimous in their view that Eucalyptus in bunds 
failed to meet their expectations. Even in Nainital farmers have shifted from Eucalyptus to 
poplar. 

One of the oft-repeated reason given by farmers for not replanting trees was that trees take too 
much time to mature. This was strange, as the rotation period of Eucalyptus was known to 
them when they had decided to plant it in the first instance. This complaint can be interpreted 
to have significance for the discount rate, which is generally taken as between 10% and 15% 
for land-based projects. In the surveyed villages the paid-out cash costs of agricultural inputs 
was about 40% to 50% of the value of gross production. Farmers do not include the cost of 
family labor or land in their crude calculations, as these are fIXed or sunk costs to them. Thus 
they are able to double their cash investments in less than 6 months. A recent study for 
Muzaffarnagar showed that B-C ratio (discount rate not given) for annual crops alone was 
between 2.5 and 4 (Singh et al. 1991). The rate of interest for borrowing money within the 
village, too, is quite high-from 50% to 100%. Thus any investment with less than 50% rate 
of return is not likely to be attractive by the farmers. For the 28 farmers studied, the internal 
rate of return (IRR) came to 34%, whereas they were expecting that Eucalyptus would be more 
profitable than annual crops alone. 

Comparison with other studies. Our results have been compared with other studies (Table 2). 
The results show that although the mean values as calculated in the present study are not any 
different from those given in other studies (except the World Bank study), these differ in one 
fundamental aspect. Others have assumed uniformity of results over a large number of farmers. 
They have, therefore, totally ignored variability in plant density, cost of planting, yield, crop 
losses, and price obtained. We found that even for similar spacing tree girth and losses have 
varied a great deal, presumably because of uneven quality of seedlings. 

Table 2. Summary of economic analysis of bund plantation of Eucalyptus. 

Expenses 
Space Density per planl B-C Disalunl 

AUlhor Siale (m) (per ba) (Ra) Crop lOll relio role 

Wilson and Trivedi Gujarol loS Ha MUllard and eulor Farme ... could DOl find 
(1988) crops were dCllroyed a 1IWIIct. hence leUed 

up 10 10 m from I ..... I ..... lor domCllic uac 

Ahmed (1989) HaryaDa 1.8 2SO 2.15 8.2% 01 IOlal crop 9.0 15% 
in Ibe 111 year 10 

48.8% in Ibe 10th year 

Malik and Sharma HaryaDa loS MUllard and wbeal HOI calculaled 
(1990) crop I ... by 41%· 

Losses up 10 10 m 
from Ibe lree line 

World Bank (1989) U.P. 200 0.60 HegliBible ERR was calculaled as 
100% 

Our SIUdy U.P. 0.3-3.0 m 21-800 0.56-3.60" Poor crop in 2-10 m 2.05 15% 
meln 1.4 m mean 233 mean 1.43 from Ihe lree line 

a These are discounted values for the year of planting and hence differ from the values given 
in Table 1. 

As shown in Table 2, the World Bank, in an ex-post evaluation of Social Forestry Project in 
V.P., estimated the ERR for farm forestry as exceeding 100% for both boundary and block 
plantation (World Bank 1989). The high ERR for farm forestry, according to the report, was 
accounted for by the very low investment in relation to yield and revenue and cultivation 
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foregone due to trees on bunds was negligible. The price for a 4-, 5-, 6-year-old tree was taken 
as Rs 90, 110, and 120, respectively (Ahmed's study, too, quotes a price of Rs 94 for an 8-year
old tree), whereas our field work shows that the actual price realized was one-third to half this 
price. The Bank assumed that there would be two coppice crops spread over the next 10 years 
after the first cutting. We observed that not all fanners were banking on a coppice crop. 
Another major difference was in the wage rate, which the World Bank report took as Rs 10 per 
day, and we found it to have varied from Rs 10-25 during the period of rotation. 

In its Audit Report (World Bank 1990) released a year after the Project Completion Report, 
the Bank corrected its earlier findings. It said, 

Today many farmers are reluctant to get involved in the program or reinvest 
in forestry activities once they have harvested the existing trees. Recent 
evidence shows that the project ERR has been overestimated on two grounds: 
prices and yields. The market for forestry products, including fuelwood, has 
been saturated in several areas covered by the project. This resulted in sharp 
decline in prices, 20-50% less than those assumed at completion. Sensitivity 
analysis using the information that is available shows that the ERR of the 
project is closer if not equal to the opportunity cost of capital. The variability 
of yields, on the other hand, is so high that, though the audit does not 
formally challenge the project completion report (PCR), it recommends that 
a comprehensive study of the economic returns of the program be carried out. 

CONCLUDING REMARKS 

Eucalyptus planting on farmlands in India has attracted a great deal of controversy. Whereas 
the environmentalists have criticized this (Bandyopadhyay 1984; CSE 1985; Chandrashekhar et 
aI. 1987; Roy 1986) because it draws down the water table, thus causing negative effects on 
surrounding crops, foresters have denied any excess drawal by Eucalyptus (Davidson 1985; 
Shrivastava and Lal 1989; Tiwari and Mathur 1983). Much of the debate has been polemical, 
and each side has adduced "scientific· evidence in favor of their stand taken largely from 
laboratory results. Neither environmentalists nor foresters seem to have consulted fanners on 
this issue. Our research tries to fill in this gap, inasmuch as it gives the farmers' perspective 
and their reasons for giving up planting of Eucalyptus. Precise measurement of losses would 
require crop-cutting methodology to be followed over a number of years and for a larger 
number of farmers than we have taken. Our data, coUected over two crop seasons only, and 
largely based on site inspection and interviews with farmers, show that crop losses due to bund 
planting were significant, ranging from 2 to 8 times the total direct investment in raising trees. 
These losses depended on spacing between trees, the number of rows in which trees were 
planted, water applied, and management practices, although we have not been able to establish 
the exact nature of causative relations between these factors and the degree of loss. Often 
farmers' observations were not supported by our analysis. This does not necessarily mean that 
their conclusions were incorrect; it could as well be from the small sample size or a fault of 
data design. 

These losses drastically reduced the profits farmers were expecting from the sale of trees. The 
average B-C ratio at 15% discount rate would have been 9.2 without these losses, but came 
down to just about 2 when crop losses were taken into account. Although despite these losses 
farmers were better off after planting Eucalyptus, as none of them suffered losses, yet the 
reduced profit margin was not perceived to be sufficiently high to cover risk of production and 
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of fluctuating output prices. The appropriateness of 15% as the discount rate for agricultural 
projects in the developing countries also needs to be questioned. 

The latest indication (March 1991) was that reduced supplies of Eucalyptus wood in the market 
had helped in improving its price. The average price obtained by those farmers in our sample 
who had sold Eucalyptus in 1990 or 1991 was Rs 59 per tree, as against Rs 37 for those who 
sold in 1989 or earlier (significant at 2%). Whether or not it would induce the farmers to start 
replanting is difficult to say. It appears that the absentee landowners may again take an 
initiative in planting Eucalyptus, as their compulsions are to avoid encroachment and to seek 
ease of management. But for the resident farmers concerned with safe returns, Eucalyptus, 
once regarded "green gold," is still not considered lucrative enough to attract investment. 
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(N. C. Saxena) 

by 

H. H. von Platen (chair), Herminia Francisco (rapporteur), G. Edward Karch, Olman Rivera, 
Paul Starr, Timothy Williams, Jefferson Fox 

PROBLEM STATEMENT AND HYPOTHESIS 

This paper explains the recent unpopularity of Eucalyptus in India, following an earlier surge 
in farmer interest. The author explains this as due to rigidities in the wood market, lack of 
demand for the kind of wood produced on farms, and farmers' disenchantment with tree 
growing due to associated crop losses. The latter factor, which was initially ignored in most 
evaluations of Indian social forestry projects, is emphasized here. The arguments would be 
strengthened and clarified for the reader by highlighting the issues in an introduction. 

METHODOLOGY 

The author utilized farmer surveys, case studies, and informal interviews with farmers to 
evaluate farmer decision making about Eucalyptus on farms. There was some debate in the 
working group regarding the sampling method used in the research, with different views as to 
whether the criteria of the researcher were appropriate. The use of assessment criteria drawn 
from the "farmer's perspective" was praised, and the technique for estimating crop losses 
adjacent to Eucalyptus rows was considered simple but elegant. 

The cost-benefit analysis was useful, but other methods (e.g., partial budget analysis) would 
have provided more insights into farm management decisions. Comparison of farmer behavior 
in the study area with that in areas or farmer groups not involved in the project would have 
been valuable. 

DATA COLLECTION AND FIELD MEASUREMENT 

All key variables were considered. The use of several different methods, at different scales of 
analysis, was valuable to check conclusions. Methods of data collection could be presented in 
greater detail. 

INTERPRETATION OF RESULTS 

This study sheds light on the fmancial benefits of agroforestry. Broader economic analyses 
(using shadow prices, etc.) would have been inappropriate, as the focus of the research was on 
explaining farmers' responses. 
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Extrapolation of the results of the study is difficult because it considers local parameters and 
does not indicate how these differ from general patterns. It would have been helpful to the 
reader to have a section of the paper which explained the types of farming systems, ecozones, 
market areas, etc., in India for which the results of the study can be expected to apply. 

LESSONS LEARNED 

This study reiterated that in assessing the financial and economic performance of agroforestry 
technologies, economists should consider the possible negative effects of trees on crops. A 
range of factors may affect farmers' acceptance of this trade-off. The paper also emphasized 
the need to corroborate how well regional or national economic statistics on prices, production, 
yields, input costs, grading of output, etc., reflect realities at the farm level. 

Finally, the study illustrated the value of assessing and integrating sociological factors and 
methods into economists' studies of farmer decision making 
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Street, Donald R. Resource Economist, Department of Economics, Auburn University, 
Auburn, Alabama 36849-5242, USA. 

10. HAITIAN TREE FARM FINANCIAL CASE STUDIES 

Abstract. This research improves on previous studies in Haiti by use of on
farm measurement of tree growth on standing inventories rather than 
dependence on experimental data under ideal conditions. The study included 
a border planting of trees in Mirebalais in the Central Plateau and three tree 
farms in the northwest of the country. Net present values (NPVs) were 
computed for the actual 90% survival of seedlings in which charcoal and poles 
were the two salable products. Two options were used for processing, one 
involving the farmer doing his own processing and the other involving a 
custom processor. Options of seedlings included provision free of charge plus 
a SO.25 and SO.50 per plant cost to be paid by the recipients. 

The Mirebalais borders showed returns for three tree species. Poles showed 
NPVs ranging from 1.8 to 4.0 times that for charcoal. The fust farm in 
Bombardopolis in the northwest involved a leucaena coppice woodlot on low
fertility land with steep slopes. Charcoal was the only product and yielded 
NPVs per hectare varying from $339 to negative amounts based on the 
charcoal processing and seedling cost options. The second Bombardopolis 
farm had a mixed-species planting on steep, infertile land and showed NPVs 
from $1,123 for donated seedlings to $639 when the farmer paid SO.50 for 
seedlings. Pole production showed about twice the value from charcoal. The 
third farm in Bombardopolis entailed planting of eight species of trees on arid 
land with steep slope. NPVs ranged from $313 to highly negative values. 
Nearly aU the NPVs with the farmer paying seedling costs were negative. 

Key words: farm-gate prices, charcoal, pole production, subsidy 

INTRODUCTION 

The present study is a complement to previous studies carried out in the Agroforestry Outreach 
Project (AOP) in 1988 and 1989. Before then, cost and return results in tree production in 
Haiti were based largely on ideal low-elevation plots which were flat in profde, had deep 
topsoil, and were managed under experimental conditions. A need existed for data from typical 
farm conditions at the sites of tree planters cooperating with the programs in the Pan American 
Development Foundation (PADF) and CARE. The cooperating tree planters often have trees 
on steep slopes with low levels of topsoil interspersed with projecting stones and severely 
eroded patches. Cursory appraisal shows scant fertility on some of these sites. The object of 
the present study was to survey on-farm production and fmancial returns for a more 
representative setting. The central hypothesis was that it is possible for farmers to make money 
by planting trees in conjunction with other agricultural enterprises. 

Previous work. A study of 62 tree planters in three different regions of the country (Street 
1989a) provided socioeconomic data related to the enterprise and its setting. The respondents 

This work was performed, in part, under USAID Contract No. 521-0122-C-OO-7104-00. 
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were approximately evenJy distributed around Bombardopolis-Des Forges in the northwest, 
Mirebalais-BeDadere-Las Cahobas in the Central Plateau, and Vialet-Ti Goave in the south. 

Although the cooperators had been planting trees for about 4 years on the average, with a 
range of 1 to 6 years, there had been few harvests on which to base economic returns analyses. 
Two-thirds of the planters had grown trees for 4 years or more, a very encouraging fact in view 
of skepticism concerning whether farmers would maintain trees properly or allow them to grow 
to maturity. 

A preliminary assessment of the program can be given in terms of the owners' appraisal of the 
enterprise in attaining their goals of planting trees. Sixty of the 62 respondents reported 
satisfaction with the tree-planting venture. Their motivation for planting trees centered around 
wood products for their own use and other direct and indirect income enhancements, including 
controlling erosion. One-third of the respondents reported erosion control as the primary 
reason for their planting trees. The farmer satisfaction with the tree operation was reinforced 
by the fact that 59 out of the 62 respondents expressed a willingness to plant more trees. Lack 
of land was the primary reason for not planting more trees. The trees were planted in 
woodlots, in mixed garden systems, on borders and in hedgerows. The tree hedgerow is a 
relatively new intervention in Haitian agriculture. 

The farmers had an added means of income from underutilized labor and other resources. 
There were few conflicts in the use of labor in the tree enterprises and the farmers' other 
cropping systems. These conflicts occurred during the peaks of planting and harvest seasons. 
Also, there were few conflicts in the use of tools and animals between the tree and garden crop 
enterprises. Very few farmers hired any labor, and more than one-third reported no monetary 
expenses in maintaining their trees during the previous year. Data were collected on prices of 
the few tree products sold. The paucity of data in this part of the study necessitated a standing
inventory approach to evaluation of benefits as a foDow-up. This approach entailed the physical 
measurement of the trees by sample or by population using calipers and height-measuring 
instruments described in the methodology section. A disadvantage of the direct measurement 
of standing trees on farms is that it requires a great deal of time from professionals doing the 
work. Often the farms are in isolated places and are difficult to locate. A benefit of the 
measurement approach with direct recording of biomass-related data is that it avoids memory 
problems of the owner as weD as the problem of owner reluctance to tell an interviewer the 
truth on matters relevant to fmancial returns. Farmers often do not have the necessary 
equipment and ability to provide accurate data. 

A study of the charcoal market in the northwest (Street 1989a) included farm prices as a check 
against the socioeconomic data reported previously. Marketing margins to the Port-au-Prince 
sales area were also included to accompany a sampling process in which actual sacks of 
charcoal were weighed. The process entailed random selection of ten sacks from each of 
nineteen seDers along the supply source in the northwest and one seller at the Port-au-Prince 
suburb of Petionville. Since the ten sacks at any depot could have come from anyone of 
dozens of sellers in the area, the 200 observations were considered representative of the market 
connecting farm-level sellers and the buying public through liaisons. Minimum weights, 
maximum weights, mean weights, and standard deviations were reported in kilograms. Pricing 
data were made available for the present study. 

A study of the pole market from the southwest to Port-au-Prince (Street and Bellerive 1989) 
was handled in a manner similar to the charcoal survey. Samples of poles were measured in 
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order to determine critical values emphasized in the trade. Twenty-five poles were randomly 
chosen at each of seven depots in the Port-au-Prince metropolitan area, and their movement 
was traced from their place of origin. Top-end diameter, bottom-end diameter, and length 
were measured by caliper and tape in describing statistical profiles of the product as traded. 
Since commercial poles are used mainly for concrete form supports in the construction business, 
prices were based on their large-end diameters which averaged 2.6 inches for all the depots. 
The diameter span from 2.0 to 3.1 inches represented 71% of all the large-end diameters at the 
depots. Lengths varied but were not critical since they were cut to fit under concrete forms, 
or wedges were used on top of poles to give a secure fit on supports. Mixed species were 
generally acceptable in the trade. These studies are important since they cover two of the main 
uses of trees and the cost of producing the trees. 

Grosenick (1986), in work for the University of Maine, computed the NPV for the previous 
AOP program in Haiti. He found that 15% of the farmers in the program had a negative NPV. 
He explained the willingness of those farmers to continue to plant trees by the low opportunity 
cost of land and the low amount of labor needed for the AOP operation. His work lacked 
complete economic analysis because of lack of measurement of effects on the public at large, 
external economies, and diseconomies due to the project. 

METHODOLOGY 

The tree farm financial case studies include mensurable or measurement data for 1989 from 
three woodlot tree farms at Bombardopolis in the northwest and one farm with border trees 
at Mirebalais in the Central Plateau. The three woodlots were "agroforestry" only in an 
intertemporal context since the land had been abandoned for field cropping. Growth data were 
taken on all trees (the entire population) except on one of the Bombardopolis woodlot 
operations, a pure stand of leucaena, under coppice management for charcoal wood. This 
woodlot had been cut twice previously during its 6 years. In this case, randomized sample plots 
were used to measure coppice (regrowth) stems and stump diameters used in volume 
calculations. In addition to species descriptions, tree heights, diameters outside bark at 03 m 
and 1.3 m above ground, and crown widths were taken to determine the probable production 
in terms of likely products from the trees, namely pole volume described previously for the 
building trade and charcoal volume in terms of approximately 40 kg sacks. Firewood was not 
considered a commercial alternative in the remote areas because of the infeasibility of transport 
to distant markets in Port-au-Prince. A separate study was in progress to consider longer time 
horizons which would entail use of trees for lumber and building beams. The neem tree has 
many opportunities to be exploited for use as an insecticide, for oils, and for other uses as by
products. These markets are being explored and some think the new uses could be more 
valuable than for wood or charcoal. The dry-weight biomass was determined by species 
according to formulas for tropical tree growth. Physiographic data were obtained for the 
locations and included percent slope, aspect (exposure to the sun), elevation, mean rainfall, and 
soil fertility characteristics. 

The second Bombardopolis farm was a mixed-species woodlot which had been in operation for 
more than 5 years. The third woodlot was mostly leucaena and cassia, 8 years of age. All of 
these stands were on typical steep (30-55% sloped) land on abandoned farms with low fertility, 
which was amenable to little other than tree planting on a sustained basis. Soil profile 
descriptions were used for the land and on-farm soil samples were used for testing for percent 
organic content and key fertility elements (Guthrie et al. 1990). All three of the farmers were 
in roughly the same socioeconomic strata in the same neighborhood. 
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The fourth farm had trees planted as a border on good land with low slope in Mirebalais. 
There was no interference between incompatible tree species on this farm in an interaction 
manner since each species was planted on a different side of the border. This tree arrangement 
permitted a separate analysis for each species. 

Tree measurements were used to calculate pole volume, main stem volume, crown volume, total 
volume, stem biomass, crown biomass, and total biomass. Biomass was also expressed as 
charcoal equivalent by using a conversion factor of 0.20. The freshly cut wood loses 80% of its 
weight in the charcoal process, on the average. This weight loss makes charcoal preferable to 
fuelwood since it can be transported by donkey to sailboats or other conveyances for shipment 
to central markets. The transportation problem also rules out shipping saw timber, lumber, 
and other heavy products for long distances to commercial markets. Mean annual increments 
of biomass were also reported for tree growth for the areas. 

Financial costs and returns were calculated for the cooperating tree farmers. Farm-gate prices 
of products were determined by asking questions of respondents and by independent studies 
of transactions (Street 1989a, 1989b; Street and Bellerive 1989). These analyses entailed the 
computation of the NPV of the tree operations. In order to compute the NPV in this study, 
the following procedures were used to determine income: 40 kg sacks of charcoal at 10 gourdes 
(official exchange rate, 5 gourdes = US$l), and poles at 2 gourdes each. 

The values of charcoal and poles can be assessed to give a conservative estimate of the farmer's 
revenue. For the coppice woodlot in the northwest, charcoal was the only product studied since 
the farmer had cut trees before they reached commercial pole sizes of 2 to 3 inches. 

The study included two ways for the farmer to produce charcoal. The farmer and his family 
may process and sell the charcoal themselves, keeping all the receipts. The other alternative 
is to have a custom processor make the charcoal. The proceeds of the sale will be split 55% 
to the farmer and the remainder to the charcoal processor. 

For the three woodlots the researchers considered the opportunity cost of the land used for tree 
growing to be zero. The physiographic characteristics of the land were such that it was not 
adaptable to ordinary field crops on a sustained basis. The topsoil was subject to such violent 
erosion that it should not be placed in cultivation. Farmers ignorant of the implications of 
improper handling of the soil will ultimately be forced off the land and into cities, which may 
afford fewer opportunities for a viable existence than the farm affords. A previous study (Street 
1989a) showed that farmers often used their poorest land for trees. In Mirebalais an 
opportunity cost was computed for border plantings because of the competition of the trees 
with the sorghum and maize grown by the farmer. Based on field estimates, the yield of the 
area affected by border trees was reduced by 50%. This area was 3 m x 97 m on each side of 
a square hectare (ha), which equals a total area of 1,164 m2/ha. According to data developed 
by Grosenick (1986), a sorghum-maize association was projected to have losses of $12.67/ha/yr 
in the Mirebalais region. Other costs considered were those for seedlings, planting, and 
weeding. 

The tree seedlings are distributed free of charge to the Haitian farmers; consequently, this cost 
was not counted in the tables of the main text for the [mancial analysis for the farmers 
themselves. Two different arbitrary prices to be paid by farmers for seedlings, $0.25 per plant 
or $0.50 per plant, were used as a step in the direction of an economic analysis of the 
operations. These values are based on two studies of the costs of seedlings. The $0.25 per 
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seedling amount is based on $0.125 per plant for direct expenditures to nurseries as reported 
by Goodwin, Reid, and Street (1989). 

The nurseries were subsidized to a certain extent by the ability to buy plant-mix components 
at less than local market prices. Various overhead components of the grantees, the Pan 
American Development Foundation (PADF) and USAID, and the cost of money were not 
included. The $0.50 amount is an approximation of the cost per seedling found by the USAID 
Inspector General's audit (1984) of the agroforestry program for P ADF and CARE plantings. 
At that time there had been high start-up costs and a relatively low output of 7 million trees 
planted by PADF and CARE. The 1986 End of Project Evaluation Report of USAID/Haiti 
showed that more than 27 million trees had been produced and distributed. The cost per 
seedling should have been reduced considerably by more production from facilities involving 
high ftxed costs. 

Many beneftts are reaped in areas which do not relate to the tree cost per se. Entry into 
various human capital building programs entailing extension services and other activities 
involved benefits to be reaped over a long time period. It is impossible to separate the costs 
accurately to attribute the proper amount to the tree seedlings, but it seems unfair to burden 
the seedling cost by these outside activities. Further work must be done in this phase of the 
accounting before an accurate economic analysis can be made for each segment of the 
development projects. 

Planting and weeding costs are estimated on a work-day basis at a value of one dollar. The 
planting cost is computed on the basis that this task must be completed in 48 hours after the 
distribution of trees to enhance survival. Weeding occurs three times a year and is not 
considered necessary after the second year. Some of the fieldwork of the Haitian peasant is 
done in a Kombit, a cooperative labor exchange group, and some is done by family labor alone. 
The Kombit allows the farmer to get a large amount of work done in a short time and to 
participate in the process with others when there is idle time. Harvest costs were not included 
since harvesting generally is done with excess labor. Nonfamily labor costs would reduce net 
returns possibly by as much as one dollar per work day. The benefits from fodder, firewood 
from trimmings, leaves as green manure, and other by-products partly offset the harvest costs. 
Further research may allow a value to be placed on the added products. 

After consultation with the USAID economist, a 30% discount factor was used in computing 
the NPV. This rate took into account a projected inflation of 20% and the opportunity cost of 
money (10%). The benefits and costs were presented in the tables in current terms and were 
then discounted at 30% in order to establish their present values. The rates chosen were 
arbitrary since there was negotiation with the International Monetary Fund on matters which 
might cause a much lower inflation rate. Other things being equal, the higher the rate of 
discount used as an opportunity cost of capital, the lower the NPV of an enterprise. 

Certain benefits to the farmer, such as windbreaks, soil conservation, shading around the house, 
and shading for livestock during excessively hot and dry periods, were not counted in this study. 
Other benefits of a social nature external to the farm, such as downhill conservation 
enhancements to other farms, were not counted. Work is presently underway which attempts 
to measure soil saved by certain tree-planting interventions. 

Since the data for this study were from selected farms in Mirebalais and the northwest region, 
they are not necess~rily representative of the average situation throughout Haiti. The farms 
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examined in this study had a +90% tree survival rate compared with the 55% average survival 
rate that CARE and PADF were currently reporting. Since the growth rate for individual trees 
may be higher at the 55% survival rate than for the 90% rate, it was not possible to project 
production of one from the other. 

The four-year life cycle was arbitrary, but it seems reasonable for a starting point (Grosenick 
1986). Other horizons may be applicable, and the farmer may choose to hold the standing 
inventory for longer or shorter time periods as needs and objectives change. 

RESULTS 

Mirebalais farm. The border tree planting is a multipurpose venture which can furnish 
fuelwood, charcoal, poles, wood for heavier construction, windbreaks for crops, green manures, 
forage, and sometimes fruits and seeds for use by the planter and family or for commercial 
purposes. 

The Mirebalais border plantings were located on flat land with good agricultural potential. The 
trees planted included three species, chenn (Catalpa longissima), cassia (Cassia siamea), and 
neem (Azadirachta indica). The chenn production was so low that it would have been 
misleading to average its results with the other two species. Separate calculations were made 
for 1-ha borders for the other two species. 

Although planting labor was estimated to be two work-days for a total of two dollars and 
weeding was three work-days, three times a year, for a total of nine dollars per year, this cost 
was probably higher than actual amounts due to the high unemployment rate and the large 
amount of excess family labor. Some hired labor in the market received as little as sixty cents 
per day and many children in the family would receive no money for work on the farm, and 
they had no other opportunity for paid work. 

The species selections by use of tree product are listed below. Detailed sequencing of costs and 
returns is specified for the rust of the two species along with the NPVs in Tables 1 through 3. 
The remainder of the tree species-product combinations is listed in Table 4 with NPVs only. 
The mean annual total charcoal increment per hectare was 237 kg per 4-year cycle. Charcoal 
and pole production by species is given in Appendix Table 1. 

Neem trees. Neem was the most successful tree species on the Mirebalais farm. Its production 
was the highest in terms of poles and charcoal equivalent and is reflected in the high NPVs 
obtained. 

Charcoal production. Table 1 shows an NPV of $68.03 when the farmer and family 
processed the charcoal, and Table 2 shows an NPV of $6.85 when a custom processor was used. 

Charcoal is generally processed by family labor during free time from other crop work. The 
rust two columns beyond the year designation in Table 1 show the current dollar costs and 
returns anticipated from the venture, while the succeeding columns show the present value of 
costs, present value of benefits, and net values. Appendix Table 2 shows alternative NPVs in 
which the farmer would pay either $0.25 or $0.50 per seedling. 
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Table 1. NPV at a 30% discount rate ror neem borders in Mirebalais ror charcoal as product 
when rarmer receives 100% or returns and with donated seedlings (values in dollars). 

Year Cost Benefit P.V. cost P.V. benefit Net P.V. benefit 

0 01 0 0 0 0 
1 13.20 0 10.15 0 -10.16 
2 12.96 0 7.67 0 -7.67 
3 21.72 0 9.89 0 -9.89 
4 26.07 147.33 9.13 51.58 42.46 
5 0 0 0 0 0 
6 0 0 0 0 0 
7 45.04 0 7.18 0 -7.18 
8 54.04 305.50 6.63 37.45 30.83 
9 0 0 0 0 0 

10 0 0 0 0 0 
11 93.40 0 5.21 0 -5.21 
12 112.08 633.49 4.81 27.19 22.38 
13 0 0 0 0 0 
14 0 0 0 0 0 
15 193.67 0 3.78 0 -3.78 
16 232.40 1313.60 3.49 19.74 16.25 

NPV 68.03 

Source: Street, Hunter, and BeUerive (1990). 
1 In cases in which seedlings are not donated, year zero will have nonzero values. 

Table 2. NPV at a 30% discount rate ror neem borders in Mirebalals ror charcoal as product 
when rarmer receives 55% or returns and with donated seedlings (values in dollars). 

Year Cost Benefit P.V. cost P.V. benefit Net P.V. benefit 

0 01 0 0 0 0 
1 13.20 0 10.15 0 -10.16 
2 12.96 0 7.67 0 -7.67 
3 21.72 0 9.89 0 -9.89 
4 26.07 81.03 9.13 28.37 19.25 
5 0 0 0 0 0 
6 0 0 0 0 0 
7 45.04 0 7.18 0 -7.18 
8 54.04 168.04 6.63 20.60 13.97 
9 0 0 0 0 0 

10 0 0 0 0 0 
11 93.40 0 5.21 0 -5.21 
12 112.08 348.44 4.81 14.96 10.15 
13 0 0 0 0 0 
14 0 0 0 0 0 
15 193.67 0 3.78 0 -3.78 
16 232.40 722.53 3.49 10.86 7.37 

NPV 6.85 

Source: Street, Hunter, and BeUerive (1990). 
1 In cases in which seedlings are not donated, year zero will have nonzero values. 
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Pole production. Pole production yields a net income of $98 at harvest, $92 coming 
from the poles and $6 from tree-croWD charcoal. The pole venture shows a higher NPV of 
$119.60 when compared with charcoal, and also has the advantage of having a simpler 
production process (Table 3). The market for poles seemed to be less stable than the charcoal 
market, causing the farmers to produce charcoal even if it gave less returns. A study of the 
pole market (Street and BeUerive 1989) showed violent fluctuations in pole prices from changes 
in complementary cement prices due to shortages in the latter factor as a building component. 
The poles are used to support forms for pouring concrete in many residential and commercial 
buildings in urban areas. The farmer cannot predict short-term changes such as those in the 
cement market, but if they have the ability to hold their growing timber for such products as 
larger building beams and similar items instead of flooding the market with more charcoal, 
their returns could be considerably greater. 

Cassia trees. Cassia production was less successful than that of neem. The difference for the 
species was particularly important for poles (Appendix Table 1). The charcoal difference was 
less than 40 kg/yr for the two species. 

Table 3. NPV at a 30% discount rate ror neem borders in Mirebalais ror poles as product 
when rarmer receives 100% or returns with donated seedlings (values in dollars). 

P.V. Net P.V. 
Year Cost Benefit P.V. cost benefit benefit 

0 01 0 0 0 0 
1 13.20 0 10.15 0 -10.16 
2 12.96 0 7.67 0 -7.67 
3 21.72 0 9.89 0 -9.89 
4 26.07 203.21 9.13 71.15 62.02 
5 0 0 0 0 0 
6 0 0 0 0 0 
7 45.04 0 7.18 0 -7.18 
8 54.05 421.38 6.63 51.66 45.03 
9 0 0 0 0 0 

10 0 0 0 0 0 
11 93.40 0 5.21 0 -5.21 
12 112.08 873.78 4.81 37.50 32.69 
13 0 0 0 0 0 
14 0 0 0 0 0 
15 193.67 0 3.78 0 -3.78 
16 232.40 1811.87 3.49 27.23 23.74 

NPV 119.60 

~: Street, Hunter, and Bellerive (1990). 
1 In cases in which seedlings are not donated, year zero will have nonzero values. 

Charcoal production. An NPV of $27.91 was obtained when the farmer made the 
charcoal and a negative NVP of $1.25 was obtained if a custom processor was hired (see Table 
4). 
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Pole production. Pole production with cassia yielded a total income of $76.60 at 
harvest. This productivity level yielded an NPV of $76.74. This NPV was much lower than the 
one with neem, since cassia produced fewer poles than neem (Appendix Table 1). 

Bombardopolis, Farm 1. The fll'st fann in Bombardopolis was located at 430 m of altitude, 
had a slope of 35%, and a low crop production potential due to low fertility. The only crop 
grown on it was leucaena trees, and it was considered to have a zero opportunity cost. The 
mean annual charcoal increment per hectare was 990 kg (Appendix Table 3). The planting cost 
was estimated to be 20 work-days for a total of $20, and the weeding was estimated at 4 work
days three times a year for a total of $12 per year. 

Charcoal production. The NPV was $339.15 when the fanner did the processing of 
charcoal and $168.64 when a custom processor was used (Table 4). Weeding was unnecessary 
after the fll'st 2 years. 

Table 4. NPVs obtained ror pole and charcoal production ror tree rarms at Mirebalais and 
Bombardopolis in Haiti with donated seedlings (values in dollars), 1989. 

Location Species 

Mirebalais Neem 
Mirebalais Cassia 
Bombardopolis 

Case 1 Leucaena 
Bombardopolis Mixed 

Case 2 species 
Bombardopolis Mixed 

Case 3 species 

~: Street, Hunter, and Bellerive (1990). 

NPV 
Charcoal 

Share of sale 
100% 55% 

68.03 6.85 
27.91 -1.25 

339.15 168.64 

394.30 203.13 

114.91 49.46 

Poles 

119.60 
76.74 

NA 

1123.07 

313.16 

Bombardopolis, Farm 2. The second Bombardopolis fann was on a site with a 30% slope at 
approximately 4OO-m altitude and had little potential for crop production because of poor 
fertility and rocky topsoil. The opportunity cost of the land was considered zero. The woodlot 
on this farm contained three species: cassia (Cass;a s;amea), eucalyptus (Eucalyptus 
comaldulens;s), and leucaena (Leucaena leucocephala). The mean annual charcoal produced 
per hectare was 1,110 kg, and the amount of poles produced was 1,309 (Appendix Table 4). 
The cost of planting was estimated to be 10 work-days or $10 and the cost of weeding was 
estimated to be 4 work-days three times a year which represents $12 per year. 

Charcoal production. Charcoal on this farm yielded a total income of $222 at harvest. 
Appendix Table 4 shows that leucaena was the most successful species in that location, while 
eucalyptus performed poorly. An NPV of $394.30 was obtained for the farmer who processed 
charcoal and an NPV of $203.13 was projected for the custom processor option (Table 4). The 
returns were higher than in the preceding case, in part from the lower number of trees 
(Appendix Tables 3 and 4) and a lower planting cost. If the fanner had produced only 
leucaena, the income would have been even higher. Diversification of trees could be an 
advantage because of smaller losses to diseases. A continual problem in Third-World countries 
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is to get farmers to follow directions on species combinations (or separations) to optimize 
resource use. This problem is complicated and amplified by a paucity of physical productivity 
data on different species of trees for the many soil types and other conditions affecting growth. 

. Pole production. Farm 2 in Bombardopolis had the highest pole production with 1,309 
units. The income from poles was calculated to be $523.60 and, when combined with $82 from 
charcoal from residual wood, yielded total returns of $605.60. The NPV was $1,123.07 (Table 
4). This high NPV was the result of high leucaena production with low costs. 

Bombardopolis, Farm 3. The third farm in Bombardopolis was located at an altitude of about 
400 m on land with a poor capacity for crops and a 55% slope. This farm had a woodlot of the 
following species: casuarina (Casuarina equiseti/olia), chenn (Catalpa longissima), cassia (Cassia 
siamea), eucalyptus (Eucalyptus comaldulensis), kapab (Colubrina arborescens), gliricidia 
(Gliricidia sep;um), and leucaena (Leucaena diversifolia and L.leucocephala). The mean annual 
total charcoal per hectare was 381.4 kg, and the total number of poles produced was 439 
(Appendix Table 5). In this farm four species had results near zero in charcoal and pole 
production. Again, the importance of obtaining extension advice on species to plant and 
following that advice is obvious. The costs of planting and weeding were estimated to be the 
same as on the first and second farms in Bombardopolis, $10 and $12, respectively. 

Charcoal production. The NPV for the venture with family labor processing charcoal 
was $114.91. When a custom processor was used, the value declined to $49.46. These results 
were inferior to the preceding Bombardopolis cases because of low charcoal production and 
a relatively high density of trees. This situation resulted in low revenues and high costs. The 
low charcoal productivity was because the farm area was particularly dry and many species were 
planted, half of which had very low productivity. A simple alteration of the species mix could 
greatly increase the potential returns. 

Pole production. The total income with the pole enterprise was $179.60, of which 
$175.60 came from the poles themselves and $4 from charcoal. The NPV with this system of 
production was $313.16 (Table 4). This result was considerably lower than the previous 
Bombardopolis cases. In charcoal production, the nonperforming species lowered the yield of 
the farm. Only half of the species planted produced poles, with eucalyptus representing three
quarters of the production. Cassia had the highest pole-per-tree production. 

Summary of results. The data obtained in this study can be summarized from Table 4 as 
follows: 

(1) At Mirebalais, under the actual conditions of tree planting with donated seedlings, all the 
options examined showed positive NPVs except for charcoal production from cassia with a paid 
custom processor. The highest NPV was obtained with pole sales, a pattern which was followed 
on all the farms. Pole sales yielded an NPV of $120, which was 1.8 times that of the best 
charcoal option for neem and an NPV 0($77, which was 2.7 times the charcoal value for cassia. 
Charcoal is known to have a more stable market than poles, however. 

(2) At Bombardopolis, Farm I, the farmer used a high-density planting system. This venture 
increased the cost of planting seedlings and was reflected in the NPV of the operation. An 
NPV of $339 was obtained from charcoal sales in which the farmer did the processing. 
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(3) At Bombardopolis, Farm 2, production showed an NPV of $394 for charcoal with owner 
processing and $1,123 for poles because of the high yield with leucaena. 

(4) At Bombardopolis, Farm 3, the mix: of species biased the results downward. Some species 
performed well, while others showed a near zero productivity. The NPVs were $115 for 
charcoal with owner processing and $313 for poles, less than one-third of NPVs for the other 
two farms at Bombardopolis. 

Appendix: Table 2 shows additional alternatives of cost payment for the seedlings with one 
option for SO.25 to be paid by the farmer and another of SO.50 to be paid by the farmer. None 
of the NPVs were positive for charcoal production when the cost of a custom processor was 
imposed. In contrast, all of the pole production schemes, except the Bombardopolis Farm 3 
with SO.50 seedlings, had positive NPVs. The two Mirebalais options of neem and cassia with 
SO.25 seedling costs showed positive NPVs for owner processing of charcoal. Farms 1 and 3 
at Bombardopolis showed negative NPVs at SO.25 and SO.50 seedling costs for owner processing 
of charcoal. With a SO.25 seedling cost, the Bombardopolis Farm 2 showed a positive NPV for 
charcoal with owner processing. 

Sustain ability of tree production in the future requires improvements in survivability of trees 
planted on farms and an improved efficiency leading to less costly trees on an economic basis 
from nurseries. The four case studies presented had a much higher rate of survivability than 
generally reported by CARE and PADF. More information needs to be gained to properly 
allocate various overhead costs and expenditures to determine what proportion covers various 
general extension programs and what proportion covers tree seedlings per se. 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions. A wide range exists in the profitability of tree farming in terms of NPVs for the 
four case studies using different cost and return options. Improper matching of tree species 
and sites was a detriment to profit in some cases. 

At present, USAID supplies seedlings to Haitian farmers free of charge, but sustainability 
questions demand that efforts be made to cover part or all of these costs over time. Support 
for payment for part of the cost of seedlings and tree planting may be justified on the basis of 
benefits to the public. To date, sufficient data have not been generated to quantify this support. 

Species selection for a given site was found to have a profound effect on the profitability of 
growing trees. Eucalyptus had several times the production of leucaena or cassia on one site 
while the reverse was true on a different site in the same vicinity. These results illustrate the 
need for developing a set of site-specific recommendations based on detailed site descriptions 
and tree growth studies. Meanwhile, where more than one tree species will be planted to a 
single site, trees should be grouped by species to prevent suppression of growth of one or more 
of them. A species which fails to grow can be replaced by one which grows properly. 

The farmer retains more of the gross income when charcoal is processed by family labor. 
Previous studies (Street 1989b) have shown a very low opportunity cost of labor for tree farmers 
in the Central Plateau and the northwest of Haiti. 
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The present data should be complemented by additional studies to determine the benefits of 
additional tree products and to determine effects of soil conservation and other benefits to the 
public. A broader sampling base must be provided for generalizing cost and return results to 
a specific population. 

Recommendations. 

(1) Extension workers should stress increasing the survivability of the seedlings planted as a 
means to increase profitability. 

(2) Species selection should be tailored to the local area. 

(3) The feasibility of providing credit to farmers for seedling purchases should be studied. 

(4) More data should be obtained on the competitiveness of trees and crops for border 
plantings. 

(5) The present study should be expanded to obtain sampling data for making inferences in 
defined physiographic areas. 

APPLICATION TO OTHER STUDIES 

Ideally, a project can be implemented where a local development agency has the background 
information necessary for economic decision making in an area, which includes the prices of 
products, the costs of factors, and choices of relevant species combinations and alternatives. 
Unfortunately, development agencies tend to plant trees without a systemic plan to obtain an 
ongoing sampling of relevant data which are amenable to economic feasibility determination. 
This condition is slowly changing due to the demands of funding organizations. The ideal 
setting would entail a stable government with sound background statistics in agriculture and 
forestry to facilitate studies needed by extension personnel for advice on decision making. 

The present study was carried out under conditions of political and economic instability. Within 
a few months several coups d'etat and coup attempts took place. These conditions were a 
severe hindrance to the smooth operation of an economiC study. Under such conditions, 
redirections are often necessitated and can retard the progress of a project. A few comments 
are given below as guidelines based on experience gained in the Haitian project. 

(1) When possible, get data from a random sampling method amenable to making inferences. 
Alternative statistical modeling can be used in lieu of random sampling when coverage of small 
numbers in a specific category is needed. 

(2) Make contact with project cooperators through an extension worker who is familiar wilh 
the territory and known by people of the community. Develop a trust with the clientele from 
whom data are to be collected. The Haiti project enlisted natives to interview the tree-farming 
participants. The professional expatriates on the team all learned the language of the peasants 
to allow a better rapport in making study observations. 

(3) Economists generally depend on physical scientists to provide basic data. At times the 
physical scientists cannot or will not cooperate to give necessary data. In such cases, the 
economist may be required to perform physical measurements in the field. 
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(4) Train interviewers to report in standard units and to measure carefully. Some interviewers 
will resort to such terms as "a pile or with prices varying from $80 to $200. Under scrutiny and 
questioning they may report that the $80 was for a small pile and the $200 was for a big pile. 
Training personnel to report in meaningful units is one of the most difficult challenges to 
economic studies on agroforestry. 

(5) Pricing data required may be difficult to obtain by direct questioning. A native interviewer 
or research associate may observe purchases and extract information from buyers who would 
be reluctant to give truthful information to outside interviewers. 

(6) All interviewers should be required to demonstrate proper interviewing procedures before 
being sent to the field. One important point to emphasize with interviewers is to socialize only 
enough to get the necessary data from participants but not to linger to the extent that valuable 
time is wasted. 

(7) Train workers carefully in the use of measurement devices for determining tree growth and 
wood-use possibilities. Third-World field personnel lack experience and familiarity with tools 
which are taken for granted in more developed countries. Such elementary methods as 
interpolating between digits and rounding numbers without biasing results must be explained. 
Tapes to convert tree circumference to diameters may be familiar to expatriates yet unfamiliar 
to local assistants. Measurements in inches and their divisions may cause difficulties to 
personnel accustomed to a metric system. Fearing peer pressure, workers often are reluctant 
to ask questions of their superiors and continue to use instruments in an incorrect manner 
rather than ask a question to clarify methods. 

(8) Use published data on prices of products, the going rate for day labor costs, and other 
fmancial information with caution. Their accuracy must be checked against what actually takes 
place in the community. At times large seasonal variations take place in the prices of products 
as well as in costs of certain services. Also when unusual aberrations take place in prices or 
costs, a normalized value must be developed in order to make long-term plans to advise 
cooperators. 

(9) Sampling of crop harvests may be necessary when attempting to determine opportunity 
cost, the value of the next best alternative, in an agroforestry venture. This sampling may 
necessitate the employment of agronomists, horticulturists, and animal scientists. 

(10) Growth patterns may be related to standard soil proflles from published sources, but these 
proflles may need local soil sampling in order to adjust recommendations for matching species 
with soil types. In a country such as Haiti, soil conditions change very rapidly from one point 
to the next in many areas. 

(11) Establish methods which will last over a long period of time, yet which will allow flexibility 
in application. The emphasis of the forestry segment of agroforestry has been on charcoal and 
pole production, but longer time periods will afford growing planted trees for larger building 
beams and construction lumber. Anticipations of use and adaptability of methods to new uses 
are necessary in reallocating resources among end-product choices to maximize returns to the 
owner and the community-at-Iarge. 
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(12) Make use of standard handbooks provided by USAID and other agencies as guidelines 
on project requirements and methods of economic analysis. 

APPENDIX 

Appendix Table 1. Yields per hectare for three tree species when used alone on border of 
Mirebalais farm. 

Species 

Neem 
Chenn 
Cassia 

Number 
of trees 

per hectare 

167 
174 
154 

Source: Street, Hunter, and BeUerive (1990). 

Number 
of 

poles 

195 
o 

139 

Mean annual 
charcoal increment 

(kg) 

355.22 
40.29 
316.81 

Appendix Table 2. NPVs for tree planters in Haiti by location, seedling cost payment, and 
species for charcoal and pole production (values in dollars), 1989. 

NPV 
Charcoal 

Seedling Mixed Share of sale 
Location costs species 100% 55% Poles 

Mirebalais Donated Neem 68.03 6.85 119.60 
$0.25 Neem 17.23 -43.15 69.60 
$0.50 Neem -31.97 -93.15 19.60 

Mirebalais Donated Cassia 27.91 -1.25 76.74 
$0.25 Cassia 14.56 -39.75 37.99 
$0.50 Cassia -24.19 -78.25 0.76 

Bombardopolis 
Farm 1 Donated Leucaena 339.15 168.64 NA 

$0.25 Leucaena -285.85 -456.36 NA 
$0.50 Leucaena -910.85 -1081.36 NA 

Bombardopolis 
Farm 2 Donated Mixed 394.30 203.13 1123.07 

$0.25 Mixed 152.30 -38.87 881.97 
$0.50 Mixed -89.70 -280.87 639.07 

Bombardopolis 
Farm 3 Donated Mixed 114.91 49.46 313.16 

$0.25 Mixed -158.84 -224.29 39.41 
$0.50 Mixed -432.59 -498.04 -234.34 

Source: Street, Hunter, and Bellerive (1990). 
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Appendix Table 3. Yields per hectare for leucaena on woodlot of Bombardopolls, Farm 1. 

Number 
of trees 

per hectare 

2250 

Number 
of 

poles 

Source: Street, Hunter, and BeUerive (1990). 

Mean annual 
charcoal increment 

(kg) 

990.00 

Appendix Table 4. Yields per hectare for three tree species on woodlot of Bombardopolis, 
Farm 2. 

Number Number Mean annual 
of of charcoal increment 

Species trees poles (kg) 

Cassia 258 252 210.00 
Eucalyptus 65 19 10.00 
Leucaena 548 1038 890.00 

Total 871 1309 1110.00 

Source: Street, Hunter, and BeUerive (1990). 

Appendix Table 5. Yields per hectare for eight tree species on woodlot of Bombardopolis, 
Farm 3. 

Number 
of 

Species trees 

Casuarina 98 
Chenn 43 
Cassia 67 
Kapab 25 
Eucalyptus 563 
Gliricidia 37 
Leucaena diversi[o/ia 61 
Leucaena /eucocepha/a 92 

Totals 986 

Source: Street, Hunter, and BeUerive (1990). 
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Critique of 

HAITIAN TREE FARM FINANCIAL CASE STUDIES (Donald R. Street) 

by 

Kjell Christophersen (chair), Jorge Uquillas (rapporteur), George Gardner, Songpol 
Kamnerdratana, Mike Bannister, William Raynor, William Sunderlin, Wong Weng Chuen 

PROBLEM STATEMENT AND HYPOTHESIS 

This paper is one of a series of reports about an agroforestry research project carried out in 
Haiti. It presents useful information about on-farm tree production, although not with 
agroforestry systems. 

A clear statement of the problem is missing from the paper. A possible problem statement 
could be: "Is it feasible to produce wood on farm land which is not useful for other purposes?" 
An implied null hypothesis would be that farmers cannot make a living from woodlots or border 
planting. Only two products are considered: charcoal and poles. The reason for excluding 
other potential products needs to be elaborated, particularly in view of the low value of 
charcoal. 

METHODOLOGY 

It would be helpful to have a section on the socioeconomic characteristics of the region's 
popUlation. It may be possible, for example, that variability in socioeconomic background of 
farmers could explain some of the variability in tree yields. The sample of farms used in this 
exploratory study were selected on the basis of availability as generally representative of farms 
with marginal land resources. A more explicit sampling system could have been established 
which would allow extrapolation of results on a wider scale. 

The paper would benefit from a separate section listing, describing, and justifying assumptions 
used in the analysis. Key factors would be costs, prices, and price appreciation (depreciation) 
rates over time, charcoal yields, labor availability, and discount rates. The assumption covering 
rotation age (4 years until harvest, followed by 3 coppice rotations of 4 years) needs 
elaboration. The reader does not know whether this is a fmancial or biological rotation, or is 
based on some other criteria. The group questioned the charcoal yield assumption. If 
traditional kilns are used, it is probable that charcoal yields will be in the neighborhood of 12 
to 13 percent. If so, the resulting NPVs will be substantially lower. The estimate of benefits 
is not based on the stumpage price. The absence of a careful derivation of stumpage prices is 
seen as an error of omission. 

A more appropriate analytical technique than the NPV to apply in this case may be the soil 
expectation value (SEV). This approach is particularly useful for short rotation forestry as 
described in this paper. 
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DATA COLLECTION AND FIELD MEASUREMENT 

Field measurement techniques described in the paper are adequate, and they illustrate the type 
of bioeconomic data that are needed from the field to make realistic economic appraisals. 

INTERPRETATION OF DATA 

It is notable that fmancial feasibility in this case is attained only if seedlings are donated. 

As the author stated, the results of this study cannot be extrapolated to regions or agroclimatic 
zones outside the study sites. 

LESSONS LEARNED 

The main lessons to be drawn from this study involve the types of information and techniques 
that need to be used in collecting basic bioeconomic field data from farmers' agroforestry plots. 
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SECfION D 

AGGREGATE ECONOMIC EFFECfS 
OF AGROFORESTRY PRACTICES 





Raynor, William. Researcher, COM Land Grant Programs, Kolonia, Pohnpei, F.S.M. 96941. 

11. ECONOMIC ANALYSIS OF INDIGENOUS AGROFORESTRY: 
A CASE STUDY ON POHNPEI ISLAND, FEDERATED STATES OF MICRONESIA 

Abstract. Indigenous agroforestry is a major land use on many of the Pacific 
Islands. Generally, little is known about these systems in terms of productivity; 
thus their economic potential has not been adequately evaluated. This lack of 
knowledge, along with other socioeconomic factors, is leading to a general 
decline of indigenous agroforestry in the region, in favor of less sustainable, 
high input farming systems. A general discussion of estimation of productivity 
in indigenous agroforestry systems is presented, and extensive field data on the 
indigenous agroforestry system of Pohnpei Island in the Federated States of 
Micronesia are used to evaluate the economic importance of this land-use 
system to the local economy. Nonmonetary socio-cultural and ecological 
benefits of Pohnpei agroforestry are also discussed. 

Key Words: indigenous agroforestry, seasonal labor , standing value of trees, prestigious items 

INTRODUCTION 

Indigenous, or traditional, agroforestry is a major land use on many of the islands of the Pacific, 
and these systems are usually characterized as complex, sustainable systems of land use, 
conservative of the environments in which they are practiced, significantly contributing to 
nutrition, cultural preservation, and rural economic stability (McCutcheon 1981; Falanruw 1985; 
Manner 1987; OTA 1987; Raynor 1989). However, the traditional agroforestry systems of the 
region are declining, for a variety of reasons, including increasing emphasis on a cash economy, 
population/land pressures, and loss of traditional knowledge and culture. The decline has been 
aggravated by neglect of indigenous agroforestry and, sometim~s, outright discouragement by 
government extension and other development personnel. Yet, continued failure of introduced 
cropping schemes and low acceptance of new technologies among local farmers, demonstrated 
sustainability with low inputs, and the important role agroforestry and other indigenous 
cropping practices currently play in food production, local economics, and ecological balance 
suggests the importance of these systems for future agricultural development (OTA 1987). In 
particular, accurate data on structure, productivity, and related economics of these farming 
systems are needed to assist in the identification of possible areas for system improvement and 
to serve as a baseline for comparison with new crop and technology introductions. 

ECONOMIC ANALYSIS OF INDIGENOUS AGROFORESTRY SYSTEMS 

Indigenous agricultural systems in general are difficult to study. They are often more 
biologically complex than modem "Western-style" agricultural practices, both in terms of species 
diversity and natural processes (e.g., succession, nutrient cycling). Collection of data is further 
complicated due to the lack of existing data on many indigenous crops and animals, the long
term nature of the perennial components, and the variation within and between farms and 
regions. Also, in most cases, farmers do not keep records, unpaid (and often unaccounted for) 
family labor is often the main input, and few products reach the market. Cultural practices and 
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restrictions can also hinder research work in some areas. Lack of trained personnel and 
fmancial constraints must also be considered as major constraints. 

Economic analysis, in particular, is further complicated by the importance that these systems 
have in the sustained functioning of local socia-cultural and ecological systems. Social benefits 
can be analyzed on two levels-private and public (Hoekstra 1990). At the private (or farmer) 
level, agroforestry provides a variety of products for subsistence and substitution of purchased 
goods, some commercial cash products, time for other activities or leisure (due to the low input 
strategies employed in most systems), prestige and/or other products for participation in 
cultural events/redistribution systems common on Pacific Islands, and food insurance against 
natural disasters. At the public ( or island-wide) level, benefits are more intangible-maintenance 
of culture/social structure, fuller employment, alleviation of poverty/hunger and related health 
problems, and improvement of the balance of trade through import substitution and increased 
exports. Ecologically, indigenous agroforestry, by virtue of the often substantial land area 
covered and long practice, assumes an important role in the functioning of the island ecosystem. 
On most islands, agroforestry has largely replaced former natural lowland and/or strand forests. 
Some ecological functions of agroforests include soil erosion protection, soil fertility 
maintenance and improvement (nutrient cycling), maintenance of biological diversity, and 
efficient utilization of other limited resources, all contributing to increased sustainability and 
productivity. In addition to these beneficial environmental functions, Pacific Island agroforests 
also have various intangible benefits-e.g., enhancing the beauty of the island for tourism. These 
socioeconomic and ecological functions are often very difficult to value economically. 

In the Pacific, most work on indigenous agroforestry has been in the form of general 
descriptions, with agriculture serving only as a component of the more general social or 
economic systems. There have been few studies measuring the relative efficiency of traditional 
agricultural systems as production methods. Current methods employed in the Pacific for 
estimating agricultural production are mostly based on approaches used in developed countries, 
using various indicators such as market volumes and sales. For much of the Pacific, however, 
this method of estimation is inadequate as market functions do not adequately reflect 
production. An example is yam (Dioscorea spp.) on Pohnpei, a crop which makes up a major 
portion of the annual island agricultural production but only rarely reaches the market, due to 
cultural and prestige significance or other reasons (Raynor et al., in press). 

Using the Pohnpei Island agroforestry system as a case example, field data gathered by the use 
of various methods are presented and an initial rough economic analysis of the existing 
indigenous agroforestry system is made. Unlike many other islands in the American Pacific, 
Pohnpei is fortunate in that the indigenous agroforestry has been the focus of several recent 
studies. Most recently, an extensive ground survey, market surveys, and farmer interviews were 
carried out by the author in 1988 (Raynor 1989; Raynor and Fownes, in review). 

POHNPEI ISLAND: AN OVERVIEW 

The island of Pohnpei is located in the Caroline Islands of the western Pacific. It is the highest 
and second largest island in the chain and is the capital of the Federated States of Micronesia. 
Rainfall is high (191 inches/year) and weD distributed throughout the year, and temperatures 
average a year-round 82" F. 

The majority of the people live in the rural areas, scattered over individual farmsteads. 
Although many live near the coast, inland habitation has accelerated greatly with increasing 
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population pressure. Subsistence agriculture and fishing are still the main occupation of many 
inhabitants, though wage jobs in government and a fledgling private industry have lured many 
to participate, at least peripherally, in the cash economy. 

Local cultural tradition (tiahk en sahpw) is still strong, and people must work hard to produce 
the giant yams (Dioscorea spp.), sakau (Piper methysticum), and pigs demanded by the constant 
round of feasts (kamadipw) celebrating life crisis and prestigious events. The traditional concept 
of a farmer as a surplus producer is strong, and sapwasapw, or the life of farming, remains a 
central theme of Pohnpei culture. 

By virtue of Pohnpei's climate, soils (mainly highly weathered oxisols), and topography (>60% 
of the total land area is classified as steep and mountainous), agroforestry is a major land use, 
making up approximately 33.4% (11,865 hal of the island land area in 1983 (MacLean et al. 
1986). Since then, agroforestry has continued to expand, mainly at the expense of secondary and 
upland forest. The indigenous agroforestry system on Pohnpei is the product of over 2500 years 
of development and refmement (Haun 1984). Numerous crop and technology introductions, 
combined with the native vegetation and climate, have formed a unique agroforestry system, 
characterized by a low-input, semi-permanent, multi-canopy system based on a farmer
controUed successional process (Raynor 1989.) By virtue of its long practice and importance to 
island survival, agroforestry became closely integrated into the political and social system early 
on in human settlement on Pohnpei. 

The agricultural economy of Pohnpei Island has been described as consisting of three separate 
components-a subsistence economy, a prestige economy, and a commercial economy (Bascom 
1965). The main items making up each component are listed in Table 1. 

Table 1. Components of the economy of Pohnpei Island. 

Subsistence economy 

Yams (Dioscorea spp.) 
Bananas 
Taros (Cyrtospenna and 

Co/ocasia) 
Various marine foods 

Prestige economy 

Pit breadfruit (mahr) 
Pigs 
Large yams 

Commercial economy 

Black pepper (Piper nigrum) 
Sakau 
Yams 

Tuna and other marine 
products (i.e., trochus 
and seaweed) 

The three components overlap in some areas, e.g., both yams (Dioscorea spp.) and sakau (Piper 
methysticum) are important as both prestigious and commercial crops. Haun (1984) has also 
suggested another division of the Pohnpei economy, based on human activities: agriculture 
(agroforestry, horticulture, and animal husbandry), terrestrial hunting and gathering, and marine 
exploitation (fishing and coUecting of shellfISh and other marine organisms). Of these, 
agriculture, mainly indigenous agroforestry, is the most important. 

POHNPEI INDIGENOUS AGROFORESTRY: AN ECONOMIC ANALYSIS 

In order to carry out economic analysis of indigenous agroforestry systems in the Pacific, two 
types of data are needed-inputs (in terms of labor, management, and capital); and outputs 
(yield of products and other benefits). Using Pohnpei as a case example, these two areas are 
discussed and analyzed. 
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Inputs. Basically, all inputs into agroforestry systems can be divided into three basic categories: 
land, labor, and capital. These categories can be given quantitative values based on their market 
costs or, in the absence of these, by using the opportunity cost to the individual(s) concerned 
(Hoekstra 1990). Market costs are used when inputs are commonly purchased or hired, and 
opportunity costs are used when inputs are provided by the farm family or the farm. 

Land. The value of land is determined by the size of land, tenure status, productive 
capacity, and alternative uses or use over time. Most land on Pohnpei is held by individuals, the 
result of the German land redistribution which began in 1907, which effectively took the power 
over land away from the chiefs. Based on the 1988 agroforestry survey of 57 farms (Raynor 
1989), landholdings were characterized as shown in Table 2. 

Table 2. Landholdings on Pohnpei, 1988 (based on a random survey of 57 families). 

Characteristic Average Minimum Maximum 

Size of farmland 
parcel (ha) 4.9 1.5 21.0 

Number of land parcels 
controlled 2.1 1.0 5.0 

According to the survey results, land sizes vary considerably with an average size of about 5 
hectares. Most families also control more than one piece of land, allowing various family 
members access to land if they prefer. Almost all private lands are at least to some extent 
under agroforestry land use rather than other agricultural uses (e.g., monocropping) due to 
steep topography, low fertility, rockiness, or other limitations. By legislation, land cannot be 
bought or sold, and renting or leasing is uncommon. In almost all cases, agroforestry is 
practiced on either privately held land, land belonging to relatives, or abandoned public lands. 
The result is that there is no real cost for using land. Since few other alternative uses for land 
exist, and land cannot be sold, the opportunity costs of using land are also low or nonexistent. 

Labor. Labor input is quantified economically based on days or hours worked by type 
of work, sex, skill level, source (family or off-farm), and timing during the year. As in many 
indigenous agroforestry systems, labor is the major input into Pohnpei agroforestry. Almost all 
labor in Pohnpei agroforestry is provided by the nuclear or extended family. Part of the reason 
for this is the relative secrecy which surrounds both cropping practices (traditional knowledge) 
and amount of crops (especially prestigious items such as yams, sakau, and pigs) a family might 
hold. Another reason is the relatively low demand for labor in the maintenance of the 
agroforestry system. Main labor inputs include harvesting, periodic slashing of undergrowth, 
occasional planting of crops, and pruning, girdling, and topping existing trees, making the 
system relatively labor-extensive. The overall result is a relatively low and steady labor 
requirement over the year, rarely demanding more than a few hours/day. Even establishment 
of agroforestry into forested areas (mainly secondary and upland forest) is a gradual process 
of slashing the understory, planting crops, then girdling larger remnant trees, and is easily 
handled by the family unit. 

Data on families in rural Pohnpei are incomplete. Extended families are common in the rural 
areas, and almost all habitation is on family lands, rather than the village-based habitation of 
many other Pacific Islands. Again, based on the 1988 farm survey by Raynor (1989), the 
following was found: 
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Table 3. Farm family demographic data on Pohnpei, 1988 (based on a random suney of 57 
farms). 

Characteristic 

Total number of 
family members: 

- residing on farm 
- working on farm 
- working off farm 

Average 

14 
4.2 
1.2 

Minimum 

2 
1 
o 

Maximum 

41 
12 
5 

Extended family habitation dominates in the rural areas of Pohnpei. All extended families on 
Pohnpei have a recognized head of household. The age of the head of household, usually the 
oldest male or female family member, varied considerably from farm to farm, but this person, 
if not infirm, makes all the major decisions for the family, and as such, acts as the manager of 
the family's resources, both human and other. The result of this allocation of human resources 
is obvious in the above table. Each family tries to maximize its productive potential by assuring 
participation of its male and female members in both on-farm agricultural activities and off
farm wage labor activities. Division of on-farm labor between sexes is not exceedingly strict, 
although some crops are considered women's crops (e.g., Colocasia taro and banana), and 
women are generally not expected to do heavy labor (carrying) or allowed to do any activities 
where tree-climbing is involved. The nonworking members are generally very young and school
age children, young mothers, and old and/or infirm family members. Family size (average 14 
members) reflected the extended family structure. Access to off-farm wage labor varied widely. 
Nineteen families (33%) had no current access to off-farm wage labor, and depended almost 
entirely on farming and fishing for livelihood. For the remaining farm families, off-farm labor 
varied from full-time government work to occasional carpentry or roadwork. 

In regards to seasonality of labor demands of agroforestry, Pohnpeians recognize two seasons
one determined by nature (the rahk) and the other by human intervention (the isol). The chiefs, 
through the cultural system, especially the timing of nohpwei (first fruits) tributes required by 
all adult Pohnpei males, determine the duration of each season. The rahk corresponds to the 
main breadfruit season, a natural occurrence, and the isol corresponds to the time when yams 
(Dioscorea spp.), which are planted, are dug. The high chiefs can delay or hasten the digging 
of the first yams (kotokehp), which initiates the isol, based on the relative success of the 
breadfruit season. The chiefs then close the yam season when the following year's breadfruit 
season begins, with the kedisol ("end of isor) yam nohpwei and the kehmei breadfruit nohpwei. 
The result is a complementary seasonality of the major food crops, so that food is available at 
all times of the year. Regarding labor, only during the ;Sol, when yams are dug and replanted, 
is there any major labor requirement, and this rarely adds up to more than a few extra 
hours/week (Raynor et al., in press). 

Thus, as a result of the low demand for labor of the indigenous agroforestry system, people's 
long association with the system, current lack of alternative opportunities for off-farm labor, and 
active management and allocation of family labor resources by the family head, the opportunity 
cost of labor in agroforestry is also very low or nonexistent. 

Capital. Capital inputs are evaluated based on weight, volume, number, or type, and 
price and source. Farming technology is generally traditional, with the machete and metal 
digging stick being the most important tools. According to the 1988 survey, only 8 farmers 
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(14%) used commercial fertilizer, and only on black pepper (Piper nigrum) for export and 
vegetables produced for the local market. Pesticides were used occasionally only by three 
farmers (5%) on vegetables. Thus capital is a generally negligible input into the indigenous 
agroforestry system on Pohnpei. 

Outputs. Outputs are the goods and services produced by an activity (Hoekstra 1990). Major 
goods from agroforestry would include crop a,nd livestock products, fuel wood, and timber. 
Services would include such outputs as soil conservation and other ecological functions. Services 
can also include various socio-cultural benefits. If goods are actually sold, then output can be 
valued based on farm prices. For goods produced for domestic or subsistence consumption, the 
substitution values of these products can be used to determine their value. The timber 
component of agroforestry systems is often evaluated by standing value, which is a measure of 
the creation of capital in the form of trees. Standing value is calculated as the biomass 
increment of the existing marketable tree species and quantitatively given a value based on the 
local purchase price. 

Production of subsistence goods. As the major agricultural production system on 
Pohnpei, indigenous agroforestry significantly affects the social and economic life of nearly all 
island residents. In subsistence food production alone, it has been estimated by various sources 
that the traditional food production system produces from 50%-90% of all food consumed 
locally. For 1980, the Pohnpei State Division of Planning (1986) estimated the following: 

Table 4. Value of subsistence production vs. Imported food (1980). 

US$ Percent 

Traditional production 7,542,312 62.4 
Imported food 4,104,216 34.0 
Other and USDA 435,768 3.6 

Total 12,082,296 100.0 

Excluding fISh and marine animals, subsistence agriculture (mostly agroforestry) provided just 
over $3.7 million worth of commodities in 1980. Production of many of the products of Pohnpei 
agroforestry are still based mainly on rough estimates, but some reliable data exist. Using actual 
field density and production data, Fownes and Raynor (in review) estimated that in 1988, 
Pohnpei breadfruit yield alone was 80,000 tons (6.67 t/ha). As the production of only a single 
component among numerous other crops found in the indigenous agroforestry system, this 
demonstrates the system's large contribution to local food resources. Production of associated 
products, including lumber, other building materials, animal feed, firewood, and medicine, 
among other things, is also substantial. (See Appendix to this paper for a list of the major 
agroforestry species on Pohnpei and their uses by canopy level and occurrence. It is clear from 
the Appendix that Pohnpei agroforestry provides a variety of products for subsistence and 
commercial use.) Economic valuation of each of these items has not been attempted, since so 
much work still needs to be done to document the productivity and the extent of use of 
individual crops and products. The economic value of these products would be most realistically 
quantitatively evaluated by estimating the substitution or supplementation of items and services 
that would otherwise have to be, in many cases, imported and purchased by the family. 
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The standing value, in terms of the standing biomass of timber and fuelwood trees and their 
yearly increment, also appears to be significant. Unfortunately, the 1988 survey data (limited 
to tree heights) are not accurate enough to estimate this resource. 

Various livestock, integrated into agroforestry to differing degrees, are another product of 
Po~pei indigenous agroforestry. The results of the 1988 survey regarding livestock are reported 
in Table 5. Chickens are the most common, most being kept free-run. Dogs are traditionally 
kept as livestock, and before the introduction of pigs in the late 19th century, were the major 
animal consumed during prestigious and cultural events. Currently pigs are the most important 
livestock in terms of prestigious use, reflected by the current high market price of USS2.00/lb 
live weight, or more. The number of pigs and pig farms is believed to be declining, probably 
due to recent enforcement of legislation requiring pigs to be fenced, thus discouraging large 
numbers of pigs because of the need for more intensive management (and greater investment 
of capital and labor). Pigs were fenced on 76% of the survey farms. Almost all farms with 
unfenced pigs were found in Kitti municipality, where the legislation has not yet been enforced. 
Goats are allowed to free-run on some farms, although this practice is becoming rarer due to 
the destruction of young yam vines and other crops under this type of management. Water 
buffalo and cattle are uncommon and are always confined, either in fenced pastures or, in the 
case of water buffaloes, halters. Livestock products can most easily be valued based on their 
market price. 

Table 5. On-farm livestock on 57 survey farms. 

Livestock No. of %of Amount/farm Market price 
type farms farms Ave. Min. Max. range (USS) 

Chickens 48 84 20 2 95 0.80-1.2O/lb 
Pigs 46 81 6.5 1 35 1.50-2.50/lb 
Dogs 44 77 3.5 1 12 0 
Goats 4 7 9 1 20 25.00-SO.00/head 
Water buffalo 2 3.5 1 1 1 100.00-350.00 /head 
Cattle 1 1.8 2 2 2 100.00-250.00/head 

Production or prestigious goods. An important output of Pohnpei indigenous 
agroforestry is the production of prestigious items, mainly sakau (Piper methysticum), giant yams 
(Dioscorea spp.), fermented pit breadfruit (mahr), and pigs. As with other islands in 
Micronesia, the traditional cultural/political system still functio~ today, and its authority still 
dominates the social and agricultural life, especially in the rural areas. Pohnpei Island is made 
up of five politically semi-autonomous municipalities (wehi), each with a well-established 
leadership headed by the paramount chiefs, the Nanmwahrld and the Nahnken. Both chiefships 
are hereditary, with succession based on matrilinity. These leaders exert administrative,judicial, 
and legislative powers by the authority of tradition, and through the control of a stock of titlp.s 
(mwar). The lower people in each municipality are hierarchically organized by these ranked 
statuses or titles into a stratified society, although there are no distinct classes. The chiefs also 
function as the center of the prestigious economy, based on complex rituals of redistribution 
of agricultural production. The traditional basis of the chiefships is represented by the concept 
of tiahk, or the customary code of Pohnpei. The most obvious manifestation of tiahk is wahu, 
which translates roughly to respect. People, some kinds of animals and plants, and some places 
and times all have wahu value. Social interaction in general is based on wahu, in accordance 
with an elaborated system known as tiahk en wahu (the custom of respect). 
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Traditional social activities in the municipalities are generally referred to as doakoahk en wahu, 
or work of respect. Although the forced German colonial land distribution beginning in 1907 
gave individual title to much of the lands on Pohnpei, according to tiahk, the paramount chiefs 
still control the land in their respective municipalities, at least spiritually, which they then "lend" 
to their subjects. The chiefs' generosity obliges the latter to make many kinds of tributes 
proscribed by tiahk, mainly products of agroforestry: pigs, yams (Dioscorea spp.), and sakau 
(Piper methysticum). The chiefs, through redistribution of these tributes, continuously encourage 
the cycle of reciprocity. Subjects who continuously accumulate and increase their tributes are 
recognized by the chiefs through the bestowing of a higher title, thus encouraging continued 
participation in the traditional system among all subjects. 

Doakoahk en wahu is divided into tou, a contribution to the chiefs which is voluntarily 
performed, and pwukoah, those contributions assigned to subjects as their obligation to the 
chiefs. The obligatory contributions are composed of nohpwei and kamadipw. Nohpwei is 
generally translated as the tribute of the "first fruit," while kamadipw is the practice of large
scale feast ceremonies. The nohpwei is the obligatory tribute of mwowe (the fust one) of certain 
crops to the chiefs (Table 6). The meaning of the term mwowe varies from plant to plant, and 
thus results in many different types of nohpwei tributes. For example, for crops which are 
seasonal (e.g., breadfruit, pandanus, and, to a lesser extent, yam), mwowe refers to the first 
fruits of the new season, while for nonseasonal crops (e.g., sakau, sugarcane, banana, and 
Cyrtospenna taro), mwowe is defmed as the first harvest for a particular field or planting. 

The seasonal IIohpwei are highly formalized and are still practiced widely, especially for 
breadfruit and yam. The nohpwei for these two important crops are defmed by the various 
stages of growth. Instrumental nohpwei differ from the seasonal nohpwei in that the mwowe of 
these plants is defined in terms of the fields in which they are cultivated. When a person clears 
land, or enlarges an existing planting and then successfully harvests the crop, he brings the fust 
crop to the chiefs. This type of nohpwei is only rarely practiced today. Only sakau (Piper 
methysticum) can be used in the last type, the occasional nohpwei. Sakau transcends all other 
crops in its wahu value, thus is the key component in nearly all traditional activities. Sakau is 
presented and prepared during meetings, when asking for favors or asking forgiveness for 
particularly serious transgressions, for marriage ceremonies, and various other occasions when 
a commoner needs to meet with higher titled Pobnpeians or paramount chiefs. 

Table 6. The system of nohpwei tributes on Pohnpei. 

Seasonal nohpwei 

Instrumental IIohpwei 

Occasional nohpwei 

Adapted from Shimizu 1982. 

mahi (breadfruit) 
kehp (yam) 
kipar (pandanus) 

sakau (Piper methysticum) 
sehu (sugar cane) 
uht (banana) 
mwahng (Cyrtospenna taro) 

sakau 

Kamadipw, or feasts, are generally held to recognize crucial events in people's lives, for example 
the peak of the yam harvest, the coronation of chiefs, acceptance of titles, deaths. Kamadipw 
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are performed with a single intricate ritual, regardless of the event or size of gathering. 
Paramount chiefs or, at smaller family feasts, high-titled family members, preside over the 
kamadipw as honored guests. The central aspect of all kamadipw, regardless of purpose, is the 
tribute of the five important agroforestry prestigious items-yams, breadfruit, sakau, and pigs 
or dogs. These five items are obligatory for all mature male participants, and the sheer size and 
amount of these items are aptly described by the English translation of the word kamadipw, 
which literally means "to beat the bush." 

As a result, much of the agroforestry system on Pohnpei, outside the production of basic food, 
medicine, and material needs, is centered on the production of these prestigious commodities. 
Evaluation of these major agroforestry products, in terms of monetary value, has not been 
attempted, although a rough estimate of their value to Pohnpeians can be figured based on the 
going prices of various prestigious goods-yam kehi (yam cluster on carrying pole), USS25-S250 
each; sakau, USS1D-S50 each; and pigs (prestigious size), USS1OD-S2500 each. 

Production of commercial goods. Pohnpei agroforestry also provides some products 
that provide a cash income through sale, mainly in the local markets. Based on results of the 
1988 survey, many farmers occasionally sell produce in the district center town of Kolonia. 
Interestingly, while 32% of farmers had been involved in the unsuccessful cacao project 
sponsored by the U.S.-administered Trust Territory of the Pacific Islands government in the 
early 1960s, no introduced cash crop since then has attracted such a high percentage of farmers 
(Table 7), including black pepper, which at present is a fairly lucrative cash crop. Petersen 
(1977) recorded similar findings in his research and attributed this to the general distrust that 
farmers have for new cash crop projects after a series of early failures in the 1960s and early 
1970s. Copra production has also fallen off considerably, with only 23% of the farm families still 
engaged in production. Most farmers felt that copra was far more profitably used as pig feed. 
A few traditional prestige crops, including sakau and yams, have also recently become cash 
crops, due to the increasing urban population in Kolonia, coupled with the relatively unchanged 
cultural demand on these people to participate in the traditional culture (e.g., nohpwei and 
kamadipw). Pigs are also frequently marketed, and a number of farmers, especially those 
without wage labor income, reported much of their income from the marketing of pigs and 
sakau. 

Table 7. Participation in commercial cash cropping of 57 survey farms. 

No. of % of Amount grown 
Crop type farms farms Unit Ave. Min. Max. Range (USS) 

Cacao (196Os) 18 31.6 trees 268 25 1000 
Copra 13 22.8 trees 370 200 500 0.07 lib 
Sakau 11 19.3 ha 1.1 0.4 1.6 0.5D-1.00 lib 
Vegetables 10 17.5 ha 0.3 0.1 0.8 O.25-Q.sO/lb 
Black pepper 9 15.8 plants 468 100 981 0.85-1.10/Ib 
Pineapple 5 8.8 plants 670 20 3000 O.15-Q·50/lb 
Citrus 3 5.3 trees 40 20 50 O.l0-0.50/lb 
Betel nut 3 5.3 trees 140 20 200 4.OD-8.00flb 
Yam 3 5.3 ha 0.6 0.4 1 0.sD-1.00/lb 

Note: "Vegetables" include papayas, head cabbage, Chinese cabbage, bell pepper, eggplant, 
pumpkins, watermelons, cucumbers, taro, sweet potato, squash, green onions, mangos, 
stringbeans, and sugarcane. 
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Provision of services: social. Besides the provision of a variety of goods for 
subsistence, prestige, and commercial use, the indigenous agroforestry system on Pohnpei 
provides several services. At the private (or farmer) level, agroforestry provides a time for other 
prestigious, religious, and community activities or leisure (due to the low labor-input nature of 
the system) and food insurance against natural disasters. At the public (or Pohnpei island-wide) 
level, benefits include maintenance of cultural/social structure and resulting social order, 
maintenance of traditional knowledge, fuller utilization of otherwise wasted human resources 
through on-farm opportunities, substantial contribution to the caloric and nutritional needs of 
the rural, and to some extent, the urban population (resulting in decreased health problems and 
costs), and improvement of the balance of trade through substantial (> 50%) import substitution 
and increased agricultural exports. While no assessment of the values of these benefits is 
offered due to the lack of adequate data, there is no doubt that the indigenous agroforestry is 
a major contributor to the relatively high standard of living that Pohnpeians currently enjoy. 

Provision of services: ecological. Located between the steep mountain slopes and the 
mangrove forested shores of Pohnpei, the indigenous agroforestry system fulfills an important 
ecological role. By virtue of its location in and near human settlements on the lower coastal 
slopes and in inland vaUeys, Pohnpei agroforests have virtually replaced lowland forests in many 
areas of the island. As such, they have assumed several functions previously performed by these 
forests. They also provide sustainability (the continued functioning of an ecosystem) and 
stability (the ability of an ecosystem to withstand disturbances and remain productive) to the 
local food production system. The Pohnpei agroforest's ecological role includes erosion 
protection, soil fertility maintenance and improvement, maintenance of biological diversity, and 
efficient capture and use of other resources. 

Erosion protection. The danger of soil erosion was one of the factors that 
necessitated the development of complex systems of resource management among the Pacific 
islanders (OTA 1987). Rather than rearrange the environment and expend great amounts of 
energy, human activity was directed at the most effective use of each habitat and natural 
phenomena. The Pohnpei indigenous agroforestry system is one example of this type of 
adaptation. At all stages, a multistory vegetation cover and substantial ground cover and plant 
litter are maintained. During agroforestry establishment, vegetation is altered to some extent 
through slashing and some girdling of larger trees, but much of the canopy is retained and all 
the slash remains on-site, where it protects the soil from erosive forces of rainfall. Root 
systems, important in holding soil, remain relatively intact. Within a short time, underplanted 
crops and regeneration of original vegetation reestablish the understory and lower canopy. 
Maintenance of agroforestry (e.g., planting, harvest, weed control) entails very little soil 
disturbance. Only root crop (e.g., yam and taro) planting and harvesting entail digging, but this 
is limited to the area of each individual plant. Weed control is by slashing, so that the soil is 
always covered with a layer of plant litter. rmally, abandonment of agroforestry entails a slow 
revegetation by secondary vegetation, rust in the understory and then in the upper canopy 
levels, and eventually reversion to forest. 

Soli fertility maintenance and Improvement. High rainfall, as on Pohnpei, 
leaches out basic plant nutrients and causes a decline in soil fertility. Forest vegetation is 
critically important for maintaining fertility through returning organic matter and its nutrients 
to the soil through "nutrient recycling." The Pohnpei indigenous agroforestry system, by virtue 
of its complex, multicanopy level structure, encourages nutrient cycling at all stages. During 
establishment, as existing pre-agroforest vegetation is altered through slashing and girdling of 
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larger trees, the resulting plant litter provides a flush of nutrients for the newly planted crops 
to take up via their root systems. Root systems, important in holding soil, remain relatively 
intact. If done right, few nutrients are lost through leaching. Maintenance of agroforestry entails 
regular slashing of undergrowth and other undesired vegetation, which maintains the litter layer 
and thus provides a continuous low-level flow of nutrients to the plants, with little leaching loss. 
The maintenance of the litter layer also promotes more widespread root systems located close 
to the surface, so that leaching loss is further decreased. Since many of the crops are tree fruits, 
only a relatively small amount of the site biomass is removed by harvest, thus the majority of 
the plant nutrients remain on-site. Some import of plant nutrients would also come through the 
movement of animals through the system, especially pigs and chickens, and the deposition of 
manures. Finally, on system abandonment, the site reverts to relatively undisturbed forest. 
During the succession process, root mats become denser, litter layer builds up, and the nutrient 
cycling system becomes more efficient. 

Maintenance of biological diversity. The maintenance of biological diversity 
has many advantages. Diverse systems are believed by some biologists to be more resistant to 
destruction by pests and diseases and also are able to recover more quickly after natural 
disturbances (e.g., typhoons); thus, they have a greater stability. Also, many rare or relatively 
unknown species may become useful in the future after they are more completely studied. 
Species diversity is a key component of the Pohnpei indigenous agroforestry system. This 
diversity goes beyond crop plants, as the agroforest also includes many upland forest, swamp 
forest, and secondary forest species. Among these are many native and endemic species, 
including the trees dohng (Campllospenna) , sadak (Elaeocatpus indica and two endemic 
species), karara (Myristical insularis), kilmpwil (Garcinia pOllapensis), apwid (Macarallga 
carolinellsis), and madeu (Cinnamomum carolinensis); the palms oahs (Metro xylon amicarum), 
kotop (Clillostigma ponapensis), and kedei (Ptychospenna ledennanii); the shrubs koihi 
(Claoxylon carolillellsis), iuiu (Alpinia carolinensis), kewikid en lohl (Glochidioll mariallum ), seir 
ell Pohnpei (Fragraea berteriana var. sair), kempeniel (Psychotria hombroniana); and many other 
minor plants. Each of these plants has recognized uses, and through these uses, are appreciated 
and conserved by Pohnpeians. The forest-like ecology of the indigenous agroforests also provide 
many habitats for animals, such as birds, many of which are endemic to Pohnpei. 

Efficient capture and use of other resources. Under the Pohnpei conditions 
of heavy cloud cover and constantly short tropical days, sunlight for photosynthesis is another 
limiting factor for proper crop growth. Under these conditions, multicanopy agroforest, 
particularly the tree component, may make better use of existing sunlight because: (1) Trees 
have a greater leaf area than annual crops and thus are able to capture more sunlight; (2) trees 
are perennial and have a larger biomass, thus can store photosynthates in greater quantity for 
use in fruit production; (3) cloud cover makes sunlight more diffuse (hitting the earth at many 
different angles) and thus promoting a multicanopy agroecosystem structure. A mixture of trees 
and herbaceous plants also can make more efficient use of the soil. Trees, by virtue of their 
greater size and longevity, have more extensive root systems, while annual herbaceous plant 
root systems are more shallow and less spread out. Having the two types of plants mixed 
together assures that the entire soil profile is utilized. 

Quantitative evaluation of ecological benefits can be done through various methods. One 
common way of estimating the value of erosion protection and nutrient cycling would be to 
calculate the value of lost production without these beneficial functions. Methods for estimating 
the economic value of biological diversity are unknown to the author. 
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CONCLUSIONS 

Information available and presented in this paper, while still incomplete, suggest the relatively 
low land, labor, and capital inputs needed to produce a relatively high level of outputs, in terms 
of the subsistence, prestige, and commercial goods that Pohnpei indigenous agroforestry 
provides. Agroforestry is further highly integrated with the socia-cultural system of the island, 
and also serves an important ecological function. Further research on individual crop and 
livestock yields under traditional management is needed to determine overall economic and 
biological productivity of the system. The resulting complete economic analysis of indigenous 
agroforestry will serve two purposes. It will: 

(1) Provide data for use in identifying possible areas for improvement (in terms of more 
efficient use of resources, increased production, development of new products, etc.) of the 
indigenous agroforestry system. 

(2) Provide baseline information for the comparison and evaluation of new and/or introduced 
crop and livestock production systems. 

The agroforestry system of Pohnpei has proven by its resilience and persistence to be, at least 
until recently, the most acceptable agricultural land-use system to local farmers, given prevailing 
ecological, social, and cultural conditions. Lately, rapid modernization has led to changes, 
especially in socio-cultural and economic conditions. The result is an as yet unknown effect on 
indigenous agroforestry, and the traditional knowledge and beliefs on which the system is based. 
Efforts must be intensified to document and evaluate this system and others like it, so that the 
knowledge and experience of thousands of years can be integrated with Western knowledge in 
the development of sustainable agricultural production systems to meet the problems of rapidly 
growing population and an increasingly degraded resource base in the region. 

ACKNOWLEDGMENT. The author wishes to extend his appreciation to the many people who 
provided guidance and support to him during the field work in analysis, especially Dr. James 
Fownes, University of Hawaii; Ed Pettys, Hawaii State Division of Forestry and Wildlife; and 
Addino Lorens, Chief of Agriculture, Pohnpei State. Sincere thanks are also due to the 
hundreds of Pohnpei people who have shared their valuable knowledge and generous 
hospitality. Lastly, the author is grateful for the provision of funding for the field work portion 
of this research project from the East-West Center, Honolulu, and School of the Pacific Islands, 
Inc., Los Angeles. 

APPENDIX 

Common plant species in Pohnpei agroforests by canopy level and occurrence 
(based on Raynor 1989) 

---Names----
English Scientific Pohnpei Uses #/ha 

UPPER CANOPY SPECIES (>8 m) 

Trees: 
Coconut 
Breadrruit 
Ylang-ylang 
Mango 
Betel nut 

Cocos nUcifera 
Artocarpus altilis 
Cananga odorata 
Mangifera indica 
Areca catechu 
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nih 
mahi 
seirenwai 
kehngid 
pwuh 

1,2,3,6,7,9,13 
1,2,7,10,13 
8,11,12,13 
1,2,12 
4 

92 
72.4 
47 
14.4 
95 



Na mes 
English Scientific Pohnpei Uses #/ha 

False durien Pangium edule duhrien 1,2 9.4 
Campnospenna Campnosperma brevipetiolalll dohng 7,11 6.7 
Ivory nut palm Metroxylon amicarum oahs 6,7 4.4 
Bamboo Bambusa vulgaris pehri 11,13 2.6 
Polynesian chestnut Inocarpus fragi/er mwuropw 1,2,13 2.6 
Mahogany Swetenia macrophyl/a mahokani 11 2.5 
Wild nutmeg Myristica insuJaris karara 5,7,11 2.3 
African tulip Spathodea campanulata 11 2.3 
Blue marble Elaeocarpus carolinensis sadak 7,11 2 
Albizia Paraserianthes fa/cataria tuhke kerosin 12,13 1.8 
Pittosporum Piltosporum ferrugineum kamal 11,12 1.8 
Mountain palm Clinostigma ponapensis kotop I,ll 1.6 
Kapok Ceiba pentandra koatun 12,13,15 1.1 
Eugenia Eugenia carolinensis kehnpap 7,11 1.1 

Parinari /aurina ais 5,7,9,11 0.9 
Mountain palm Ptychosperma ledermanii kedei 1,2,11 0.5 
Parlua Parkia korom kurum 11 0.3 
Eugenia Eugenia stelechantha kirek en weI 7,11 0.2 
Banyan tree Ficus prolixa var. carolinensis aiau 7 0.2 
Mangrove Rhizophora apiculata akelel 7,11 0.2 

Vines: 
Rattan F/agel/aria indica idanwel 7 2.9 

SUB-CANOPV SPECIES (2.5-8 m) 

Trees: 
Plan lain Musa spp. uhl 1,2,7,14,15 110 
Banana Musa spp. uhl 1,2 48.6 
Hibiscus Hibiscus ti/iaceus keleu 7,11,12,13,15 36.7 
Indian mulberry Morinda cirri/olia weipwul 2,5,7,11,13 23.5 
Macaranga Macaranga carolinensis apwid 7,11 19 
False sandalwood Adenanthera pavovnina kaikes 12 19 
Soursop Annona muricata sei 1,2 17.2 
Premna Premna obtusi/olia topwuk 7,12,13,15 15 
Glochidion Glochidion ramiJ10rum mwehk 7,12,13 13.8 

Aglaia panapensis marasau 7,12 9 
Papaya Carica papaya memiap 1,2 8.6 
Lime Citrus auranti/olia karer 1,7,13 8.4 
Pandanus Pandanus sp. mwalal 7,15 8 
Tree fern Cyathea nigricans/ponapensis katar 7,11,13 7.2 
Rose apple Eugenia jambos apel en wai 1,2,13 5.4 
Strangler fig Ficus tinetoria nihn 1,7,13 4.3 
lxora Ixora casei kelieu 7,11 4.1 
Erythrina Erythrina fusca pahr 11,12,13 4.1 
Barringtonia Barringtonia racemosa wih 11,12 4.1 
Guava Psidium guajava kuahpa 1,7,13 3 
Orange Citrus sinensis orens 1,13 2.8 
Malay apple Eugenia malaccensis apel en Pohnpei 1,2 2.5 

Claoxylon kohi 7 2.1 
Plumeria Plumeria rubra pohmeria 8,13,14 1.5 
Oil palm Elaeis guineensis nihn aprika 1,2,9 1.5 
Cocoa Theobroma cacao kakao 1,13 1.4 

Garcinia ponapensis kehnpwil 7,12 1.3 
Alpinia carolinensis iuiu 7,14 1.3 
Glochidion marianum kewikid en lohl 7 1.2 

Barringtonia Barringtonia asiatica wihnmar 11,12,13 0.5 
Pandanus, screwpine Pandanus tectorius deipw 1,2,6,15 0.5 
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Na m es 
English Scientific Pohnpei Uses II/ha 

Fragraea berteriana var. sair seir en Pohnpei 8,14 0.5 
Avocado Per sea americana apokado 1.2,13 0.4 
Starfruit Averrhoa caramba/a ansu 1,2 0.3 
Commersonia Commersonw bartramw kahiJ 11,12,13 0.3 
Guest tree Kleinhovw hospila keleu en And 7,11 0.3 
Pink Bauhinia Bauhinia monandra pilampwoia 14 0.2 

Vines: 
Freycinetia ponapensis rahra 7 0.5 

Betel leaf Piper herel kapwohi 16 0.2 

UNDERSI'ORY SPECIES «2.Sm) 

Shrubs: 
Kava Piper methystkum sakau 4,7,10 137 
Pineapple Ananas COS11WSUS pweinaper 1,2 37.7 
Sugarcane Saccharum ofJicwnarum sehu 1,10 9.7 
Cassava Manihot esculenta dapioka 1,2 5.2 
Ti plant Cordyline terminalis dihng 14 4.9 
Ornamental hibiscus Hibiscus rosa-sinensis keleu en wai 14 3.9 
Croton Codweum variegatum karodon 14 3.2 
Chili pepper Capsicum annum sele 1,14 1.9 
Gardenia Gardenw augusta iohsep sarawi 7,14 1.8 
Tobacco Nicotiana tobaccum tipaker 4,14 1.4 
Gloryblower Clerodendrum inerme ilau 7,14 1.3 
Crinum Crinum asiatica kiup 14 1.2 

Pipturus tematum nge 7 0.7 
Dwarf poinciana Caesalpinia pulcherrima sehmwida 1,14 0.7 
Coffee Coffea arabica koahpi 3 0.4 

Psychotria hombroniana kempeniel 7 0.3 
Basil Ocimum sanctum kadarin 4,16 0.3 

Boehmeria celebica kehrari 7 0.3 
Bell pepper Capsicum frutescens sele 1 0.2 
Amauo Bixa orellana 5,14 
Derris Derris elliptica peinuhp 7 
Ageratum Ageratum conjugatum pwisenkou 
Devil weed Chromolaena odorata wisolmat 
Lantana LAntana camara randana 
Melastoma Melastoma marianum kisetikimei 1,7 
Pagoda flower Clerodendrum buchananii 14 
Crotalaria Crotalaria paUida krodalaria 

Arolds: 
Wild taro Alocasw macro"hiza oht 1,2,10,14 47.4 
Sweet taro Colocasia esculenta sawa 1,2 47 
Swamp taro Cynosperma chamissonis mwahng 1,2,10 37.6 
Dryland taro Xanthospma sagittilolium sawahn Honolulu 1,2 2.9 
Arrowroot Tacca leontopetaloides mokmok 1,2 0.3 

Vines: 
Soft yam Dioscorea alata kehp 1,2,10 28.5 
Black pepper Piper nigrum peper 16 16.6 
Hard yam Dioscorea nummalaria kehpeneir 1,2,10 10 
Sweet potato Ipomoea batatas pedehde 1,2 1.2 
Watennelon Citrullus vulgaris soika 1,2 0.8 
Yardlong bean Vigna sesquidepedalis pihns 1 0.3 
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Na mes 
English Scientific Pohnpei Uses #/ha 

Pumpkin Cucurbita maxima pwengkin 1,2 0.3 
Sweet yam Dioscorea esculenta kehmpalai 1,2 0.3 
Morning glory Ipomoea trilobata omp 2,7 
Wild yam Dioscorea bulbifera palai 2,7 
Merremia Merremia peltata ohl 7 
Centrosema Centrosema pubescens 2 

Piper ponapense konok 7 
Passion flower Passiflora foetida ompom 1 

Herbs: 
Turmeric Curcuma domestica kisiniohng 5,7,16 1.8 
Ginger Zingiber ojJicianarum sinser 16 
Wild turmeric Curcuma spp. auleng 5,7 0.3 
A1pinia Alpinia purpureum iuiu en wai 14 0.2 
Wild ginger Zingiber zerumbet ong en pehle 7 
Crape ginger Costus sericea 
Wedelia Wedelia triIobata 14 
Day flower Commelina diffusa 
Elephant's foot Elephantopus mollis 
Garden spurge Euphorbia hina 
Aramina Urena lobata 
Oover Desmodium spp. 
Spanish needle Bidens pilosa 

Polygala paniculata kisinpwil 
VeMlin Stachytarpheta jamaicensis 
Coleus Plectranthus scutelloides koromahd 
Niruri Phyllanthus niruri Iimeirpwong 7 
Sida Sida acutifolia 
Sowthistle Sonchus oleracea 

Grasses: 
Cyrtococcum patens rehmaikol 7 

Grass Paspaium conjugatum rehnwai 
Ischoemum polystachum rehpadil 7 
Cluysopogon aciculatuS rehtakai 7 

Cyperus Cyperus javanica use 
Goosegrass, wiregrass Eleusine indica rehtakai 
Mapania Mapania pandanophylla pwohki 
Grass Pennisetum purpureum pukso 
Crabgrass Digitaria radicosa 
Rice grass Paspalum orbiculare rehnta 

Hypolytrum dissitifolium sapasap 
unidentified rehsemen 

Foxtail Andropogon glaber rehnta 7 
Miscanthus Miscanthus floridu/is sapalang 
Wild sugarcane Sacchorum spontaneum ahlek 7 

Ferns: 
Thelypteris maemonensis mahrek 7 

Sword fern Nephrolepis acutifolia rehdil 
Birds-nest fern Asplenium nidus tehlik 14 
Para fern Ma"atia fraxinea paiuwed 7 
False staghorn fern Gleichenia insularis mwatalenmal 

Uses: (1) food. (2) animal feed. (3) beverage, (4) narcotic, (5) dye, (6) thatch. (7) medicine, (8) flower, (9) oil. (10) 
prestige. (11) lumber, other wood products, (12) firewood, (13) trellis, (14) ornamental, (IS) fiber, (16) spice. 
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Critique of 

ECONOMIC ANALYSIS OF INDIGENOUS AGROFORESTRY: 
A CASE STUDY ON POHNPEI ISLAND, FEDERATED STATES OF MICRONESIA 

(William Raynor) 

by 

KjeU Christophersen (chair), Jorge Uquillas (rapporteur), George Gardner, Songpol 
Kamnerdratana, Mike Bannister, William Sunderlin, Wong Weng Chuen 

PROBLEM STATEMENT AND HYPOTHESIS 

Traditional agroforestry in some areas of Micronesia is declining. The author attempts to 
estimate productivity in Pohnpei's agroforests, assess their current economic importance, and 
assess future potentials. The paper illustrates the complexity of analyzing multicomponent, 
multistrata agroforestry systems from financial and economic perspectives. 

METHODOLOGY 

The study used a systematic sampling methodology to assess agroforest components and outputs 
and participant-observation to assess farmer decision-making criteria and economic behavior. 
More complete documentation of sampling methods for the surveys would have been useful. 
The separate analyses of the subsistence, commercial, and prestige production systems were 
essential in establishing the basic parameters and performance criteria for any economic 
analysis. 

The economic characteristics of the agroforests were described, rather than analyzed. Factors 
of production are not fully assessed within the context of a rapidly changing island economy. 
The author assumed no cost of land, low opportunity cost of labor, and negligible input of 
capital. He does not acknowledge the change in opportunity costs to rural households for these 
productive factors as alternative opportunities become available with monetization and 
urbanization. 

Benchmarks would have been useful so that time series studies could be done. These would 
allow more rigorous assessment of the nature of "decline." 

DATA COLLECTION AND FIELD MEASUREMENT 

The background description of the island's agroforestry system is excellent. Key economic 
inputs into the agroforestry system were described, but dismissed in the analyses. 

The Appendix provides useful information about common agroforestry plants and their uses. 
It would assist the reader to rank the relative values of products from each plant in terms of 
($) value per hectare. The paper illustrates the problems of extrapolating information on flows 
of economic products (i.e., harvested product for home consumption, market, or other use) 
from data which were originally collected on stocks of biological products (i.e., total yields and 
harvest potential at one point in time). 
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INTERPRETATION OF RESULTS 

There is a basic contradiction between the assertion that the agroforestry system is extremely 
productive and socioculturally viable and the fact that it is declining. Results of the study 
indicate the system is productive in the context of a subsistence economy, but not in the context 
of the transition to a market-oriented economy. 

This paper is a good example of the exploratory study needed to properly design a more 
rigorous economic study of an unfamiliar agroforestry system. 

LESSONS LEARNED 

The study provides a richly illustrated overview of a complex indigenous agroforestry system 
being transformed by monetization of the economy. It illustrates many of the problems of data 
collection from multistrata agroforestry systems and problems of interpreting the changing role 
and management of agroforestry under conditions of economic change. 
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Sunderlin, William. Department of Rural Sociology, Cornell University, 245 Warren Hall, 
Ithaca, NY 14853, USA. 

12. BENEFITS, COSTS, AND EQUI1Y: 
ANALYSIS OF A SOCIAL FORESTRY SITE IN CENTRAL JAVA 

Abstract. Positive average benefits are sometimes cited as evidence of overall 
program success in meeting the social welfare goals of the Java Social 
Forestry Program (JSFP). This paper uses data from a social forestry site in 
Central Java to show that, in order to be useful, benefit-cost analysis must be 
carried out within an equity framework when applied to the JSFP. At this 
social forestry site, it is precisely those participants most in need who tend to 
fall below the average level of returns, and a significant number of participants 
are not those targeted by the program. 

Key Words: benefit-cost, equity, strata, distributional effects 

INTRODUCTION 

The aim of this paper is to show that analysis of benefits and costs at social forestry sites in 
Java must be carried out in association with analysis of distributive equity among participants 
and in the wider community of which the site is a part. This point will be made by examining 
a social forestry site at Location B in Central Java. The name and specific location of the site 
in question are not identified. Location B is one of four case study locations examined in 
Sunderlin (1990). 

The site at Location B is used as an illustrative case rather than as a representative case. There 
is so much variation among social forestry sites in Java that a representative case does not exist. 
In some respects, the site is an exceptional one. The State Forestry Corporation of Indonesia 
(SFC), which manages the Java Social Forestry Program (JSFP), believes that program goals 
are being met at the site. Relations between area villagers and foresters of the SFC have 
improved markedly in the five years since social forestry was introduced. Reforestation teak 
trees are growing robustly, and there have been substantial revenues to program participants 
who have planted crops between rows of reforestation trees. 

But even though average financial returns from participation at this site are substantial, it is not 
clear that the social welfare goals of the JSFP are being met in the best way possible. This 
paper explores the hypothesis that attention to average returns (which is often the aim in 
benefit-cost analysis) can be misleading in the context of the JSFP. Two questions are explored 
in testing this hypothesis: (1) Are benefits from participation sufficient for those most in need 
of income assistance? and (2) Are the benefits of program participation going to the right 
people? 

These questions will be examined by desegregating benefit-cost data according to distributional 
variables and through an examination of the process of participant selection at the site. Before 
proceeding to these matters, it will be helpful to review background information on the JSFP 
and on the site at Location B and also explain the methodology used in this study. 
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FORESTS IN JAVA AND THE JAVA SOCIAL FORESTRY PROGRAM 

Approximately 22% of the land surface of Java is classified as forestland. The extent of forest 
cover is remarkably high when one considers that Java is one of the most densely populated 
places on earth. Java-an area about the size of Florida-is home to some 100 million of 
Indonesia's 170 million citizens. The average population density on the island is 788 people per 
square kilometer. 

The area of forest cover in Java has been roughly the same since the beginning of the twentieth 
century. Most of the removal of Java's primary forest cover occurred in the seventeenth, 
eighteenth, and nineteenth centuries. The Dutch colonial state exploited Java's extensive teak 
forests as a raw material for the construction of boats and as a source of revenue. (Except for 
a brief interlude of British control in the early nineteenth century, Java was a Dutch colony 
between 1602 and 1942.) Explosive population growth in the nineteenth century, along with 
colonial policies designed to increase the rate of agricultural exploitation, forced the conversion 
of wide areas of forestland to agriculture. For an extensive history of forest use in Java under 
Dutch colonial rule, see Peluso 1988. 

Under the pressure of growing popUlation and competition for control of forestland, the Dutch 
colonial government established laws giving the state ownership and control of Java's forests. 
A forest bureaucracy was established to manage forestlands as a state enterprise. Forest laws 
drastically restricted villager access to the forest and its products and reserved most benefits 
for the state. Though preservation of teak revenues was a chief government aim, forest access 
restriction was also motivated by state concern over high rates of land degradation and 
downstream effects on agriculture. Foresters and forest police were charged with the 
prevention of timber theft, squatting, unauthorized cattle grazing, and other violations of 
forestry law. 

Government efforts to protect state forest interests through law and policing were insufficient. 
High rates of unauthorized forest use persisted because it was (and is) simply impossible to 
have police powers wide enough to cover 3 million hectares of forest. Forest Service 
administrators realized that community welfare development would be necessary as a way to 
alleviate pressure on state forestlands. The tum pang sari system, introduced in the 188Os, gave 
villagers the right to farm on state forestland in the space between rows of reforestation trees. 
The usufruct rights were given on condition that participating farmers agree to protect their plot 
from encroachment. The tum pang sari system has continued to operate to this day in Java. 

Administration of forestlands in Java is now carried out by the State Forest Corporation of 
Indonesia (SFCV The present-day tumpang sari system, administered by the SFC, embraces 
two programs. The first, called tumpang sari biasa, is in broad terms similar to the program 
introduced in the 1880s. The second, called perhutalJan sosial or social forestry, is an 
elaboration or derivative of the longstanding tumpang sari biasa program. 

'The State Forestry Corporation of Indonesia (Perum Perhutani) is a semi-autonomous, 
parastatal subdivision of Indonesia's Ministry of Forestry. It is responsible for the management 
of virtually all production and protection forestlands in Java. The Corporation derives its 
income from the harvesting, processing, and selling of forest resources from state lands. 
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The Java Social Forestry Program (JSFP) was initiated in 1986 as a way to contend with 
shortcomings of the tumpang sari biasa program. At many tum pang sari biasa sites, with 
usufruct rights restricted to a maximum of one to two years, benefits to participants were not 
substantial enough to encourage villager respect for forestry laws and to lessen rates of forest 
encroachment. At many of these sites, rates of timber theft and cattle grazing were persistently 
high. At some sites, villagers were deliberately destroying reforestation seedlings so that the 
site would be devoted to forest farming in perpetuity. 

A key aim of the JSFP has been to increase the material benefits to participants over those 
obtained in the tumpang sari biasa program. Among those benefits are wider spacing of the 
primary tree species (which delays closure of the forest canopy, and therefore extends the span 
of time the land can be used for agricultural purposes); a provision for renewing usufruct rights 
year-by-year throughout the life of the forest stand; and the possibility of horticultural and fruil 
tree income. Other differences include the method of organization and management at 
program sites. Monthly meetings of the Forest Farmer Group (FFG) at social forestry sites 
are designed to facilitate extension services and promote "bottom-up" planning and autonomous 
direction of the project by members of the FFG. Participants at both tum pang sari biasa and 
social forestry sites must form into FFGs. However, the SFC has stressed the importance of 
farmer organization in the JSFP because of the longer duration of usufruct rights and because 
of the intended participatory approach in social forestry. 

The target area and population is another key difference between the two programs. Social 
forestry sites tend to be located where reforestation through tumpang sari biasa has failed. 
These tend to be the more "critical" lands-the lands where rates of poverty and forest 
degradation are higher.2 For this reason, the SFC's "equity mandate" tends to receive greater 
stress in the social forestry program than in the tum pang sari biasa program? One of the 
formal program guidelines of the JSFP states that land poor and landless villagers will be 
targeted in the process of participant selection (see Perum Perhutani 1988:7). 

The JSFP began in 1986 with 13 pilot sites and has rapidly expanded to more than 400 sites. 
The pace of program development has been justified largely on the basis of high survival rates 
of reforestation tree seedlings. 

~here are some important exceptions. The SFC has implemented social forestry in some 
areas in order to assert proprietorship .over contested lands. The SFC allows farmers to 
continue farming in contested areas on condition that they allow the introduction of social 
forestry in these areas. In most cases, this means that the farmers cannot continue to farm 
once the main tree species has grown. Many sites in West Java are of this type, and a large 
area in Banyumas Barat (Central Java) has been reclaimed by the SFC in this manner. In 1988, 
the SFC began asserting its claim over vast stretches of mangrove coastland in West Java by 
means of introducing social forestry to those areas. Some advisers to the JSFP believe that this 
should not be called "social forestry," because many people at these sites are not poor, by rural 
Java standards, and the program is not directed at alleviating poverty, but rather at asserting 
proprietorship. 

30ne of the statutory aims of the SFC is to provide benefits to forest-village communities 
through forest management. "Community service" and "social equity" are frequently mentioned 
as corporate goals in planning and policy documents, and in speeches by forestry officials. The 
discourse of equity figures most prominently in the Java Social Forestry Program. 
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SOCIAL FORESTRY AT LOCATION B 

Location B is one of 13 sites where social forestry pilot projects were established in 1986. The 
village's 539 households (2,431 people) are engaged in dry land agriculture on 276 hectares of 
private land. The remainder of the land in the village (445 hectares) is state land classified as 
teak production forest. In 1986, 80% of the forestland was covered by imperata grass and 
degraded Eucalyptus alba. Eighty percent of the land was classified as "critical." Sixty percent 
of the village households owned less than 0.25 hectare of agricultural land in 1986. 

Attempts by the SFC to reforest through tum pang sari biasa and cemp/ongan4 systems had 
failed repeatedly because of local resistance to reforestation. With insufficient private land to 
meet their needs, villagers had become highly dependent on forestlands for their income. 
Villagers-especially the poorest--collected wood and converted it to charcoal for sale on the 
market. Additional uses of forestland included gathering of imperata grass and tree leaves as 
goat fodder and unauthorized farming on forestlands. Forest fires, resulting from strained 
SFC/community relations, were an additional reason for the failure of reforestation efforts 
(Read 1986:1). 

Location B was chosen as a social forestry pilot project site because of the extent of forestland 
degradation and because of repeated appeals by villagers for additional forest farm land. The 
15 hectare 1986 pilot site was comprised of 66 participating households. A 25-hectare site, 
established in 1987, included 75 participants. There is extensive overlap of membership in the 
FFGs at the two sites. Fifty-six participating households are participants at both sites. Owing 
to the small size of plots at the 1986 site, participants in the 1986 site were offered priority 
access to land at the 1987 site. 

Social forestry appears to have succeeded admirably, at Location B, in fulfilling some of the key 
program goals. The survival rate of teak seedlings exceeds 90% and significantly outperforms 
reforestation efforts at neighboring tum pang sari biasa sites. Rates of illegal uses of forestland 
and resources have declined precipitously, and SFC/ community relations are no longer strained. 
First-, secondo, and third-year harvests from farming at the sites have been good and have 
added notably to the incomes of participating members. 

METHODOLOGY 

The site at Location B was chosen as one of four case study sites for evaluation research on 
the performance of the JSFP in fulfilling its social welfare goals. The four sites were chosen 
deliberately (rather than randomly) in order to test the effect of site soil quality and main tree 
species on success in meeting program goals. Location B was one of two teak sites, and one 
of two sites with relatively good soil for agricultural purposes. It must be stressed that no claim 
is being made about the representativeness of the site at Location B among all sites in the 
program. Data from this location are being used merely to illustrate the need for attention to 
equity variables in the application of benefit-cost analysis. 

4Cemplongan is a system of reforestation using hired daily wage labor. The labor is used 
for planting and maintaining reforestation trees. There is no farming between rows of 
reforestation trees. 
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The analysis that follows is based on a household survey of 60 of the 75 participants at the 1987 
social forestry siteS and 32 nonparticipant households in the village at Location B. The 
households were chosen at random. 

The intent of the research was to understand how weD the equity mandate of the SFC was 
being fulfilled at the site. Information on participant selection, general household income and 
expenditure, and views on the social forestry program were coDected. The survey asked 
respondents to provide information on total household income and expenditure between mid-
1988 and mid-1989. 

BENEFITS AND COSTS AT LOCATION B 

It was mentioned above that there has been success in meeting some of the key program goals 
at Location B. Relations between SFC personnel and the community improved significantly, 
owing in part to efforts by foresters to involve local farmers in the management of forest 
farming, and in part to good returns on investment at the two social forestry sites. 

Table 1 shows reasons newly opened forest farmland is important to area farmers. Newly 
opened forestland (the 1987 site-SF 87) was able to produce a relatively high amount of 
peanuts. Peanuts are a high-value cash crop. A lesser amount of peanuts was produced at the 
1986 pilot site (SF 86) because of the onset of shading by teak trees. A lesser amount was 
produced on owned land as well, probably because of nutrient depletion. 

The 1987 site was also able to support production of a relatively high amount of dryland rice. 
Rice is a highly valued crop. In the village at Location B, most of the crop production is put 
on the market, with the exception of rice. Rice is retained for home consumption.6 

Table 1. Crop as percentage of total monetary value of yield at 1987 Social Forestry Site (SF 
87), 1986 Social Forestry Site (SF 86), and land owned by participant (W). 

SF 87 SF 86 LO 

Dryland rice 21 9 10 
Corn 20 62 18 
Cassava 1 2 36 
Peanuts 51 11 27 
Other 7 16 9 

Total 100 100 100 

SBy extension, the data include a large amount of information on farming at the 1986 site 
since 48 of the 60 households in the study have land at the 1986 pilot site. 

~he relatively high production of cassava on owned land is significant as weD. Cassava is 
a highly valued subsistence crop. Cassava production on forestland is low because it is illegal. 
Participants who grew cassava in spite of the prohibition faced the possibility of being rebuked 
by SFC personnel. At most sites, the prohibition is not enforced strongly. Enforcement at the 
Location B site may have been somewhat stronger than at other sites because of the public 
relations significance of the site to the SFC. Beginning in 1990, the prohibition was lifted. 
Cultivation of cassava is allowed as long as it conforms to SFC cultivation guidelines. 
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In spite of the impressive overall yields at the social forestry sites in their rust two years of 
operation, it appears that the benefits may be accruing disproportionately to participants who 
are least in need of assistance. Returns to investment at the 1987 social forestry site tend to 
be better for those participants who are relatively well-endowed in terms of private land 
ownership. Table 2 shows that the ratio of gross benefits to costs, for participants in 
landownership stratum I, is significantly higher than those for participants in landholding strata 
II, III, and IV. The land ownership classification used in the research is as follows: Stratum 
I (>0.50 hectares of owned land); stratum n (>0.25-0.50 hectares); Stratum III (>0-0.25 
hectares); and stratum IV (no owned land). 

The "benefits" figure, in the ratio of benefits to costs, is a gross measure of the value of yields 
of all crops on the household forest farming plot between June 1988 and June 1989. The "costs" 
figure includes all inputs (seeds and fertilizer), expenditure for hired labor (estimated on the 
basis of a gross figure for hired labor on all land worked by the household), and a monetized 
value for household labor expended at the site. The benefit/cost ratios shown here do not 
employ a discount rate. This is because the period of income and expense measured is one 
year and because most participants did not require loans. 

Table 2. Benefit/cost ratio ror rarming at the 1987 Social Forestry Site, according to 
landownership strata. 

Mean Standard deviation Cases 

For entire population 1.8083 .9588 60 

Stratum I 2.4920 1.3193 15 
Stratum II 1.8489 .7567 9 
Stratum III 1.5329 .6642 17 
Stratum IV 1.4958 .6692 19 

Table 3 shows that the same pattern holds true for participants at the 1986 social forestry site, 
but at a lower level of statistical significance. Returns on investment tend to be higher for 
participants in landownership stratum I. Note that the average benefits are lower at the 1986 
site in comparison to the 1987 site. This is because teak-tree shading has caused declines in 
farming yields. Note also that landless farmers operated at a significant loss at the 1986 site. 

Table 3. Benefit/cost ratio ror rarming at the 1986 Social Forestry Site, according to 
landownership strata. 

Mean Standard deviation Cases 

For entire population 1.1256 1.7143 48 

Stratum I 2.1860 3.4248 10 
Stratum II .9175 .7569 8 
Stratum III 1.0269 .9486 13 
Stratum IV .6753 .4026 17 

It is not entirely clear why returns to investment tend to be lower for landless participants and 
higher for participants who are relatively well-endowed. Part of the explanation may lie in 
differences of plot sizes among participants. For land farmed at the 1987 site, plots are 
somewhat larger for participants in Stratum I (0.29 hectare on average) as compared to the 
average for participants in the lower strata (0.26 hectare). This may be a reflection of the 
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privileges accorded to FFG leaders. FFG leaders are, in many cases, those who oWn land and 
have relatively high status in the community. At many social forestry sites in Java, FFG leaders 
are given choice plots-often larger than the average-either as remuneration for their work in 
managing the FFG, or in tribute to their social status, or both. When yields are compared 
among strata on a per unit area basis, the advantage of participants in Stratum I disappears. 

But this is not the whole explanation. Stratum I participants have a benefits-advantage on plots 
at the 1986 site as weU (see Table 3), but the advantage is not accounted for by variation in the 
size of plots. At the 1986 site, the average plot size is 0.18 hectare and the variation among 
participants and among strata is smaU. 

A better understanding of the benefits-advantage of participants in Stratum I can probably be 
obtained through regression analysis. This analysis will be performed at a later date. Whatever 
regression analysis may show, it would not alter the central conclusion to be drawn from the 
data above: benefits to participants at the 1987 site tend to be skewed in favor of those 
participants least in need of land. 

The participants in the lower landownership strata at the 1987 site obtained lower returns on 
their investment; yet, they are the participants who required the most benefit from participation 
in social forestry, both because they are poor, and because they tend to be more dependent on 
forest farming than participants in the other landholding strata. Table 4 shows that Stratum 
IV participants tend to be those who fall below the poverty line. Table 5 shows that Stratum 
IV participants depend on forest farming for almost 80% of their income, whereas Stratum I 
participants depend on forestland for less than half of their income. 

Table 4. Standing of 1987 Social Forestry participant households on poverty scale. (Greater 
than 1.0000 signifies "above the poverty line.") 

Mean Standard deviation Cases 

For entire population 1.2687 .8721 60 

Stratum I 1.3307 .6638 15 
Stratum II 1.5089 1.4475 9 
Stratum III 1.4665 .9310 17 
Stratum IV .9289 .5365 19 

Table 5. Income from yields at forest farming sites (tumpGng sari or Social Forestry) as 
percentage of total household income. 

Mean Standard deviation Cases 

For entire population .6099 .2525 60 

Stratum I .4453 .2309 15 
Stratum II .5258 .2025 9 
Stratum III .5922 .2206 17 
Stratum IV .7956 .2077 19 
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SELECTION OF PARTICIPANTS AT WCATION B 

The preceding analysis shows that there were distinct financial benefits to poorer participants 
at the Location B social forestry site, even though their returns on investment were not as great 
as those for participants in higher landholding strata. This fact reinforces the importance of 
prioritizing landless and land-poor candidates in the participant selection process. 

Survey data on the process of participant selection at the 1987 site show that the landless and 
land poor were not prioritized. The main criterion for selection was the performance of 
candidates in tree custodianship and care of forest farmland at tum pang sari biasa sites. 
According to several accounts, 16 of the participating households were chosen because they 
were friends and neighbors of the three heads of the FFG. As mentioned, 56 of 66 participants 
at the 1986 site became participants at the 1987 site. This left vacancies to be filled through 
a new participant selection process. The participation of landless and land-poor households was 
an incidental outcome of the participant selection process. Among those who performed well 
at tumpang sari biasa sites were people who were also poor. 

One way of jUdging whether equity criteria have been met in the participation selection process 
is to contrast the number of poor nonparticipating households who had wished to participate, 
with participating households that are above the povC\rty line. Among the 32 nonparticipants 
in the household survey were ten that were poor and had wished to participate at the social 
forestry site. As these 32 respondents were selected by random sample from among 103 
nonparticipant households neighboring the site, it is likely that there are some 30 households 
that would have liked to participate, but did not. Among the 60 participant households 
surveyed, there are nine households whose income was more than two times above the poverty 
line. 

At the other case study sites of which the Location B research was a part, the SFC's equity 
mandate was neglected as well (Sunderlin 1990). Subsequent rapid rural appraisal research at 
26 social forestry sites revealed that equity criteria were the primary basis for participant 
selection at approximately 40% of sites, and performance criteria (work at other forest farming 
sites) were the primary basis for participant selection at approximately 40% of sites. Equity 
criteria were not taken into consideration at all at 27% of sites (Sunderlin, forthcoming). 

Why is there not greater institutional incentive within the SFC to assure that equity criteria are 
always prioritized among participant selection criteria? It would seem that SFC corporate 
interests would be well served by enforcing prioritization of the landless and the land poor, 
since the poor are the chief agents of destruction of the SFC's timber assets. The answer is 
that prioritization of the poor serves the SFC's corporate interests, but only within limits. 
There appears to be a general tendency for local foresters to prioritize performance criteria in 
areas where the threat to timber interests are relatively less severe, and conversely, there is a 
tendency to systematically recruit the poor in areas where income from existing teak stands are 
threatened by the poor. 

Other factors work against implementation of equity criteria in participant selection. At many 
sites, village leaders are given the opportunity to participate even if they are not landless or land 
poor. This practice is in keeping with Javanese culture and, in villages where the village leader 
is respected, inclusion of the leader sometimes provides the additional benefit of establishing 
good will between the SFC and the local community. The SFC often tries to recruit people 
who have leadership skills and/or education as heads of the FFGs. In some cases, people with 
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these attributes are relatively well-endowed. At some sites, local foresters illegally "sell" 
usufruct rights to tumpang sari and social forestry land. In these cases, the poor are often 
excluded because they cannot afford to pay the fee. 

SUMMARY AND CONCLUSION 

In this paper, data from research at the Location B social forestry site in Central Java have 
been used to show that benefit/cost analysis of the JSFP must include analysis of distributive 
equity.7 Two general points are made. 

First, disaggregated benefit/cost data were used to show that, even though there are substantial 
net benefits to participation at the site, the benefits were relatively high for those least in need, 
and relatively low for those most in need of income assistance. Inequality in the size of plots 
at the 1987 site helps account for some of the disparity. Further analysis must be carried out 
to achieve a full understanding of why relatively well-endowed farmers obtained greater 
benefits. 

It is not known if skewed distribution of benefits is a general pattern at other sites in the 
program. It would be useful to see if unequal distribution of benefits is a systemic tendency 
related to the lack of assets of poorer participants. This is an important issue because 
participants who have low returns on their investment may quit the program and resume or 
increase unauthorized use of forest resources. 

Second, it was shown that program benefits are accruing to some people who might not have 
become participants if equity criteria were applied in the process of participant selection. It was 
also shown that some prospective participants were not selected, even though social forestry 
income would have been a significant portion of total income. 

It is not clear to what extent, on a program-wide basis, well-endowed farmers are obtaining 
opportunities best reserved for the poor. It is known, however, that equity regulations are not 
being enforced to the extent that they could be in the process of participant selection. More 
extensive research on participant selection and the distribution of program benefits is clearly 
called for. 

In closing, it must be noted that the JSFP is facing enormous difficulties in providing 
meaningful benefits to the poor. The Location B social forestry site, in spite of the criticisms 
spelled out in this paper, has gone a long way toward meeting the needs of the poor in the 
vicinity of the site. Many sites do not provide nearly the level of benefits supplied at Location 
B, and the trend is toward diminished benefits. As the forest canopy closes at older sites, many 
participants are leaving the program because income from shade-tolerant horticultural crops 
and fruit trees tend to be insubstantial. Moreover, the SFC is replacing conventional main tree 
species, such as teak (Tectona grandis), with fast-growing species such asAlbizzia falcataria and 

7Sassone and Schaffer (1978:7) have stated that cost-benefit analysis should be more 
sensitive to equity issues: "One of the most common criticisms of CBA is that it ignores income 
redistribution. That is, the 'whomsoever' receiving the benefits of the public project often turns 
out to be the well-to-do, while the costs often accrue to the less well-to-do. A good CBA will 
circumvent this pitfall." 
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Gme/ina arborea. Benefits to participants at these sites are substantially reduced because of 
rapid canopy closure. 

If diminished program benefits lead to defections from the program and to higher levels of 
forest encroachment and destruction, greater efforts are needed to understand the relationship 
of rural poverty to degradation of Java's forest resources. In the event that this happens, 
researchers would be well-served by heeding the central point of this paper: There is not much 
meaning to understanding the size of economic benefits in the Java Social Forestry Program, 
unless we also try to understand "who benefits?" 
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Critique of 

BENEFITS, COSTS, AND EQUI1Y: ANALYSIS OF A 
SOCIAL FORESTRY SITE IN CENTRAL JAVA (William Sunderlin) 

by 

Simeon Ehui (chair), Dean Current (rapporteur), Marcelino Avila, Robert Wheeler, Katie 
Friday, KeUa Lekhraj, Donald Street, Jim Fownes 

PROBLEM STATEMENT AND HYPOTHESIS 

There were two questions posed in this paper. The rust related to whether benefit-cost ratio 
analysis is a good measure of equity, and the other related to whether there was an equitable 
distribution of farm lands to the proposed beneficiary community. These were somewhat 
confused in the statement of problem and hypotheses. The author could have included some 
kind of analysis as to why there might have been a problem of equity and how it could be 
overcome. Finally, it was unclear how "insufficient income" was practically defined, beyond 
official definitions of the poverty line. 

METHODOLOGY 

The group felt that the use of stratification was important to address the equity issue, although 
there were some comments indicating that a more appropriate stratification could have been 
used to divide the group. Some reviewers thought that size of a landholding may not 
sufficiently reflect welfare. 

The benefit-cost relationships were presented in absolute terms. Some measure of the marginal 
value of utility of the agroforestry activities may have been more appropriate to value the 
benefits. Household labor was valued at the same rate as contracted labor when it might have 
been better to use family assessment of its own labor value. 

During the discussion, the author indicated that individuals who had a benefit-cost ratio lower 
than 1 continued to be interested in participation. The author needs to give an indication of 
the returns to alternative uses of labor resources to determine why these households continue 
to plant despite the low benefit-cost ratio. The group felt that the author should have 
investigated and explained why the great difference in benefit -cost ratios existed between the 
different strata. 

The strong points of the methodology were the use of stratification to investigate the equity 
issue and the presentation of variances of the results, which is a measure of significance of 
results not often included in other papers. The group recommends a statistical analysis to 
determine the factors which might explain the difference in the benefit-cost ratios of the strata 
presented. It would also be helpful to have some indication of the difference in the valuation 
of inputs and outputs across farms. 
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DATA COLLECTION AND FIELD MEASUREMENT 

The data used to derive the benefit-cost ratios were not presented or explained clearly to the 
reader. An appendix presenting these data and the figures used to calculate the ratios would 
be helpful to the reader. 

INTERPRETATION OF RESULTS 

Analyses of data and presentation could have been more rigorous. Also, lack of more detailed 
data constrains interpretation of results. Although the author questioned the applicability of 
the benefit-cost ratio as an indicator of equity, he does not really address this issue in his 
analysis. Instead, he assumed it was a good indicator and drew conclusions based upon that 
assumption. In addition, the income from the social forestry program actually did represent 
a greater contribution to total household income for the landless than the other strata, and thus 
it could be interpreted as benefiting them more than other groups. 

LESSONS LEARNED 

The group agreed that more examination of equity issues in agroforestry development is 
needed. This area has not been addressed to any great extent by economists. The use of 
stratification of the beneficiary population is an appropriate method to use. It was felt that 
refmement of the study presented would provide valuable information for improving the social 
forestry program on Java. Overall, the paper presented an innovative approach for measuring 
the equity problem using economic tools that could benefit from a more detailed statistical and 
economic analyses. 
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Agricultura Tropical (CIAT), Colombia. 

13. ARE MODERN AGROFORESTRY PRACJ1CES ECONOMICALLY VIABLE? 
A CASE STUDY IN THE ECUADORIAN AMAZON 

Abstract. Oil exploitation and ensuing colonization in the Amazon region have 
led to massive deforestation and unsustainable farming systems, where cattle 
ranching and coffee plantations predominate. As an attempt to solve this 
problem and find economically viable land uses, the Foundation for 
Agricultural Development (FUNDAGRO) and the International Center of 
Tropical Agriculture (CIA T) carried out a study of the socioeconomic impact 
of improved agroforestry practices in the area of influence of the Ministry's 
Project. Its main objective was to analyze the potential contribution of 
improved agroforestry technology to income and employment among colonists. 
The methodology consisted both of an ex-ante study monitoring agrosilvi
cultural systems in 13 selected small farms during a 15-month period and a 
random survey of a sample of 190 small farms in the project area, to assess 
ex-post adoption patterns of modem agroforestry practices. Results of the 
case study show that the use of selected modem agroforestry practices in 
coffee-based farming systems is a real alternative in the management of 
secondary forests in the Amazon region. This technology increases wood and 
coffee production and favors a more productive use of labor, reducing cash 
requirements in times of low coffee prices. The existing volume of 
commercial wood in open areas can be two to six times larger than the 
original primary forest, under rotations of less than 20 years. Coffee 
production can increase as much as 233% per ha/year. And, improved agro
forestry practices can give colonists a fmancial rate of return of 25%. 

Key Words: agrosilvicultural, improved agroforestry technology, coffee 

INTRODUCTION 

The utilization of agroforestry technology has been recognized as a promising strategy for the 
conservation and management of natural resources in the Amazon (Alvin 1988; Budowski 1980; 
Hecht 1982). Agroforestry development in this large natural region of South America is 
predicated on the need both to increase productivity and to improve the sustainability of 
farming systems in areas where the virrin forest has disappeared, as well as to reduce human 
pressure on the remaining natural forest, particularly on bio-ecological reserves. 

Although Ecuador shares a small portion of continental Amazonia, especially the headwaters 
of the Napo, Pastaza, and Santiago rivers, this region constitutes about half of the national 
territory. 

The study site is located around the confluence of the Napo and Coca rivers, in the area known 
as Coca (nickname for the City of Francisco de Orellana). The Coca area is situated between 
200 and 450 m above sea level, with a mean annual precipitation of 3,100 mm. Red clay soils 
predominate, although there are also alluvial and black volcanic soils. 
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Traditionally, the Coca area had been inhabited by isolated groups of native Indian people and 
a few white/mestizo settlers who tended to occupy riverine areas on the northern Napo, usually 
near military detachments. Non-indigenous occupation was intensified with the oil boom, after 
1972. Initial demand for labor and the ever-expanding road infrastructure attracted a large 
influx of migrants and led to the rapid growth of spontaneous settlements (Uquillas 1984). The 
colonization process led later to a consolidation of some Indian population centers, particularly 
of Quichua-speaking groups. 

The colonization process has brought about ecological damage and loss of biodiversity, due 
principally to the deforestation of large tracts of land and increasing pressure over the 
remaining areas of natural forest, some inhabited by Indian peoples and others declared 
national reserves. Public policies favoring colonization have exacerbated the occupation of the 
Amazon region and the rapid extraction and degradation of natural resources, negatively 
impacted native peoples, and transplanted farming systems with limited productivity from some 
of their areas of origin (Uquillas 1984; Hicks et al. 1990). 

The Coca Agroforestry Project. In an effort to search for and promote agricultural production 
alternatives for the Amazon region of Ecuador, the Ministry of Agriculture (MAG), with 
support from the United States Agency for International Development (USAID), started in 
1984 an agroforestry project. The original design of the project was made on the basis of: 

(1) The results of silvopastoral trials carried out since 1975 by the National Agriculture 
Research Institute (INIAP), which tested the incorporation of wood trees for construction 
purposes and fruit trees in pastures (Bishop and Munoz 1979; INIAP 1979). 

(2) The relatively widespread use of multiple-crop and multiple-strata farming systems in the 
Latin American humid tropics, most of them promoted by the farmers themselves along the 
lines of the traditional subsistence systems of native peoples, and others developed intentionally 
and characterized by the introduction of forage and fruit trees in plantations of coffee, cacao, 
bananas, and pastures (Peck 1979; ICRAF 1985). 

(3) An acknowledgment of the existence and natural distribution of tree species with desirable 
characteristics for their inclusion in agroforestry systems in the project areas, including Cordia 
alliodora, Jacaranda copaia, and Schizolobium spp. (Peck 1982). 

After four years of project implementation, Ecuador's Ministry of Agriculture and USAID 
requested from the Foundation for Agricultural Development (FUNDAGRO) and the 
International Center of Tropical Agriculture (CIAT) an evaluation study of the potential 
socioeconomic impact of the technology generated and/or promoted by the project. This paper 
summarizes the final report of the study, particularly the sections concerning the coffee-based 
farming system. 

OBJECTIVES OF THE STUDY 

The general objectives of the study were (1) to estimate the potential direct benefits that can 
be attributed to the agroforestry technology promoted by the project, in terms of changing 
production and income patterns among colonists, and (2) to provide feedback information about 
the performance of agroforestry technology to parties interested in research, development, and 
design of agroforestry activities. In addition, the study adopted the following specific objectives: 
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(1) To estimate the profitability of investments in agroforestry technology both at the farm 
level (fmancial rate of return) and at the regional level (social rate of return); 

(2) To measure the colonists' level of adoption of agroforestry technology, as an indicator of 
project progress; 

(3) To identify the factors which help explain the colonists' adoption of agroforestry 
technology, given both their previous knowledge and the project agricultural extension activities; 

(4) To document the main market and price trends for the principal components of the 
agroforestry systems in the region, namely timber, coffee, and meat, in order to better predict 
future performance of similar projects. 

CONCEPTUAL FRAMEWORK 

For purposes of the study, it is assumed that the main potential impact of the Agroforestry 
Project is on the increase and maintenance of the farms' gross income over time. The 
productivity changes induced by improved agroforestry technology (IA T), the species persistence 
due to the preservation of soil fertility and erosion control, plus savings in labor and in other 
purchased inputs, must contribute to changes in colonists' incomes. Nevertheless, the level and 
final orientation of income change is also influenced by exogenous factors such as market prices 
and trends, the technical factibility of IA T for colonists, the quantity and quality of farm 
resources (land, capital, labor, and administration), agroecological conditions, and the rotation 
period of the agroforestry system components. 

The fact that IA T is exogenous to the project implies that the effects of autonomous diffusion 
should be separated from those that are exclusively attributed to the project. This "extension 
effect" is seen as the acceleration of the adoption of agroforestry technology and the addition 
of a number of colonist users of these practices during a given time unit. This in turn means 
cost reductions for those colonists that continue their process of "trial and error," tuning up 
those practices over a longer time period. 

This study takes into account the fmdings of a baseline survey carried out by CIA T in 1986 
(Estrada et al. 1988). This characterization of the agroforestry farming systems in the Coca 
area included the size and availability of farm resources as well as the different components of 
the systems corresponding to farmers who in 1985 were located in red, alluvial, and volcanic 
soils. In addition, this study has analyzed the farm registers with general information about the 
parcels of colonist participants in trials and demonstrations of improved agroforestry technology. 

Time constraints led to the inclusion of monitoring activities of agroforestry practices in order 
to generate the technical coefficients to measure the project's effect at the land parcel level. 
Previous evaluations (Andrews et al. 1986) had indicated that several components of an 
improved agroforestry technology being implemented were technically feasible for the 
production of timber, coffee, and meat. A rapid appraisal done at the beginning of this study 
indicated also that, for evaluation purposes, there were identifiable improved agroforestry 
technologies (Ramirez and Vera 1988), namely: 

(1) The introduction and management of trees with commercial value (principally Cordia 
alliodora, Jacaranda copaia, and Schizolobium spp.) in pastures of Brachiaria humidicola INIAP 
701 and plantations of Coffea canephora var. robusta); 
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(2) The introduction of Desmodium ovali/o!ium CIAT 350 in pastures associated with B. 
humidico!a and as a cover crop in C. canephora; 

(3) The introduction of management practices of C. canephora, principally pruning. 

The promotion of trees with commercial value involved natural regeneration management 
practices (seeds or sprouts) by means of selective cleanings, planting of propagation materials 
(stakes, trees) produced in nurseries, selective cutting of introduced species, and management 
of residual trees. A more detailed description of these techniques is found in Peck (1988), 
Guti6rrez and Costales (1990), and Guti6rrez and Sbiguango (1990). 

The preceding observations about the viability of this technology were adopted as working 
hypothesis at the beginning of the study in 1988. 

METHODOLOGY 

The evaluation included several methodologies for the collection and analysis of complementary 
sets of data, among them: 

(1) A detailed monitoring of the agrosilvicultural (coffee/trees) and silvopastoral 
(cattle/pastures/trees) farming systems in selected case studies. The monitoring activity 
focused on the generation of empirical data on the technical coefficients of the agroforestry 
system in order to evaluate the technical feasibility and fmancial viability of IA T at the farm 
level. 

(2) The study of IA T adoption by the colonists in order to determine the progress achieved 
by the project's extension/promotion activities in terms of the proportion of colonists using the 
recommended technology and to learn from them the merits and limitations of the germplasm, 
the management practices, and the socioeconomic conditions affecting their adoption. 

(3) The study of markets and prices for timber, animal products, coffee, and labor to provide 
information on the present and future trends and agroforestry technology adoption. 

(4) The modeling of costjbenefit data of IAT and of the project to estimate the fmancial 
profitability (internal rate of return for the colonist) and economic (social rate of return for 
MAG/USAID) feasibility for agroforestry investments in the region. 

Data generated in (1) and (2) allow an analysis of the technical feasibility ofIAT. In turn, this 
information is a necessary condition to analyze the economic viability of this technology. H IA T 
has a low technical potential, then the economic effect on income is similarly low. 

TECHNICAL FEASIBILITY 

The technical feasibility of improved agroforestry technology promoted by the Agroforestry 
Project is analyzed in this study in terms both of the changes in production as well as the 
changes in the use of labor and purchased inputs, under the following hypotheses: 
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(1) IA T is feasible if it increases the physical production of timber and coffee per hectare per 
year in the rotation cycle and leads to decreased use of inputs and labor. This was the main 
technical impact expected by the project. (In this analysis, "technical feasibility" means that the 
technology is compatible with resource availability for the colonists.) 

(2) IA T is feasible if the natural regeneration of commercial trees is sufficient to ensure 
management of optimal populations of 100 trees/ha. 

If these hypotheses are accepted, the project would have a high probability to ensure the 
economic and ecological impacts expected from reforestation of the secondary forest. 

Consequently, the main indicators of technical feasibility of IAT are (1) increased 
production/ha/year; (2) decreased use of labor fha/year; (3) decreased use of purchased 
inputs/ha/year, compared with the farmer's traditional practices; (4) densities of 100 trees of 
commercial value/ha; (5) land-use indexes below 100%; and (6) light interception indexes below 
40% in coffee to allow for an optimal growth of coffee and to guarantee an adequate volume 
and quality of timber. (The Agroforestry Project estimated that the luminosity index had to be 
below 30%. The 40% index is taken as the basis of C. alliodora as a model tree.) 

The evaluation study considered the three predominant farming systems in the area: 
agrosilvopastoral (mixed crops and animals, plus trees), agrosilvicultural (tree-coffee 
association), and silvopastoral (pasture-cattle-tree association). Of the total sample of 192 
farms, 74% were agrosilvopastoral (mixed systems), 24% agrosilvicultural, and only 2% 
silvopastoral. The following discussion refers exclusively to the farms characterized by the tree
coffee association, most of which (41 out of 46) were in red soils (see Ramirez et al. 1990). 

Traditional and modem agrosilvicultural farming systems 

Impact on production and Input use. The main technical coefficients/ha/year during a 
rotation for the- agrosilvicultural system, under the scenarios of improved and traditional 
agroforestry systems, are presented in Table 1. It is assumed that the management of trees 
starts in the fifth year after coffee has been planted. The planning horizon for these coefficients 
is of 21 years, taking 16 years as the estimated optimal rotation period for C. alliodora to reach 
a minimum DBH of 40 cm, which is adequate to produce sawn wood. The principal investment 
in the system is the consolidation of the coffee crop after the primary forest. 

According to Table 2, IA T increases the production of cherry coffee by about 1320 kg/ha/year 
(63.2%) and of wood by 5.25 m3/ha/year (233.3%). Similarly, the labor requirements are 
reduced by 34 days/ha/year (27.5%), herbicides by 2 kg/ha (91.8%), and insecticides by 0.2 
kg/ha (33.3%). 

The increases in coffee productivity result from a number of factors, including pruning which 
allows the growth of a greater number of fruit-bearing branches, reducing losses due to bean 
borer and foliar diseases, lower branches, insecticide efficiency, and longer life of the 
plantations. 
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Table 1. Technical coefficients for the agro-silvicultural system under traditional and 
improved agroforestry technology in red hill's soils. 

Traditional technology" Improved technology" 
Coffee Herbi- Insec- Fungi- Coffee Herbi- Insec- Fungi-

Year prod.b Labor cidesc ticidesd cides' prod.b Labor cidesc ticidesd cides' 

-kg/ha- -days/ha- -- kg/ha -- -kg/ha- -day /ha- --kg/ha--
1 0 68.5 2.19 0 0 0 76.5 2.19 0 0 
2 9 47.5 2.19 0 0 0 29.9 0 0 0 
3 1800 83.9 2.19 0.44 1.52 800 48.4 0 0.44 0 
4 3300 158.6 2.19 0.87 1.52 3800 102.3 0 0.87 0 
5 4500 In.9 2.19 0.87 1.52 3800 102.3 0 0.87 0 
6 4500 174.6 2.19 0.87 1.52 6150 134.6 0 0.87 0 
7 2900 144.3 2.19 0.87 1.52 6150 130.1 0.87 0 
8 700 106.1 2.19 0.87 1.52 6150 129.8 0 0.87 0 
9 0 0.8 0 0 0 6150 124.5 0 0 0 

10 0 0 0 0 0 3250 n.4 0 0 0 
11 0 8.0 0 0 0 3250 81.3 0 0 0 
12 0 0 0 0 0 1400 43.5 0 0 0 
13-21 36c 0 0 0 0 120c 0 0 0 0 

Source: Ramirez et al. (1990). 
• Based on monitoring of six farms and 2.59 ha of controlled plots, the expectations of farmers 

in these properties, and the adoption study, according to a budget model for multiple 
enterprises ( coffee/trees). 

b Cherry coffee production. 
C Mixtures of maraquat and diuron to control weeds with thin and broad leaves. 
d Mainly bromofos etil to control weeds with thin and broad leaves. 
• Principally a metallic copper base to control foliar diseases. 
c Wood production (m3/ha). 

There has been a growing incidence of the coffee bean borer (Hypothenomus hampei) in the 
area since mid-1988. This plague could reduce over 50% of coffee production. Therefore, the 
Agroforestry Project promoted management practices designed to reduce the interval between 
harvests to a maximum of 3-4 weeks, including bending and layering top branches, and the 
total collection of grains in each plant. All of these measures had the purpose of breaking the 
biological life cycle of the insect to reduce the damage caused by the remaining insect 
popUlations (MAG-DINAF 1989). With traditional management practices, there is a growing 
damage to the trees, reaching a mean of 28.5% beans with bean borer in the last 12 months. 
In contrast, with the recommended practices, there is a rather constant damage trend, with 
mean levels below 10%. 

According to Estrada et al. (1988) an appropriate technology for this region must save on labor 
and cash expenses in order to augment the possibilities to be incorporated in these systems. 
As seen in Table 2, the significant reduction of labor and input requirements mean that the 
proposed technology is compatible with the scarce resources of the colonists. 
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Table 2. Impact of agroforestry technology on production and input use in the 
agrosilvicultural system. 

Traditional Improved Impact 
technology" technology" (%) 

-ha/year- -ha/year- -ha/year-

Production: - Cherry coffee (kg) '21J87.5 3408.3 63.2 
- Wood (m3

) 2.3 7.5 233.3 

Labor: - Work days 124.2 90.1 -27.5 
- Hired labor (days) 43.4 17.8 -58.9 

Kilograms of: - Herbicides 2.2 0.2 -91.8 
- Insecticides 0.6 0.4 -33.3 
- Fungicides 1.1 0 100.0 

Source: Ramirez et al. (1990). 
a Rotation cycle: 8 years for coffee and 16 for wood. 
b Rotation cycle: 12 years for coffee and 16 for wood. 

In this context, the labor-saving potential of improved agroforestry practices becomes evident. 
Of particular value are the use of cover crops to reduce weeding (manual or chemical), the use 
of pruning which facilitates future harvest of the coffee bean, and the utilization of selective 
cleanings for the management of trees both from natural regeneration or residual origin. 

The changes observed in labor productivity, during a monitoring period of a year after adoption 
of these practices, both in the agrosilvicultural system with and without pruning of the coffee 
plants are shown in Table 3. Productivity appears slightly greater in improved treatments 
(about 18% for both young and old coffee trees) in terms of the reduced time required to 
harvest the same number of plants. However, such differences are not statistically significant; 
it is expected that these differences will be statistically significant in the future when the effect 
of pruning on coffee harvest can be seen in its full potential. In any case, the preliminary 
results indicate that improved practices imply a 27% reduction in the labor requirements of 
young coffee trees. 

Moreover, the figures shown in Table 3 tell of a high labor productivity in the area's coffee 
crop, even in plantations that use predominantly traditional practices. The average yield 
required to cover the cost of one hour of labor at current prices (coffee = USSO.088/kg and 
wage = USSO.22/hour) is equivalent to 2.5 kg of cherry coffee/hour. Labor yields in the 
harvest of coffee is economically attractive and explains why colonists prefer to use labor in this 
activity even when coffee prices are depressed, and consequently, their adoption of improved 
practices such as ground cover or pruning. 

As shown in Table 4, the amount of labor used in the establishment and maintenance of 
improved coffee practice is greater than that required for traditional practices. In the short 
term at least, improved technology seems to create greater labor requirements and to reduce 
coffee yields. 

Also, the amount of chemical inputs purchased (herbicides and pesticides) for soil preparation 
to plant D. ovalifolium and for the control of ants and weeds is greater compared with 
traditional technology. 
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Table 3. Labor productivity ror coffee harvesting In the agrosllvlcultural system under 
traditional and Improved technology In rarms being monitored (n = 29 parcels In 
six rarms). 

TRADmONAL 
With pruning 
(1) (2) 
young old 
coffee coffee 

Parcels (no.t 9 5 
Harvests (no.) 15 12 

Total: 
- Harvested plants (no.)b 410.67 372.78 
- Cherry coffee (kg) 271.48 263.60 
- Labor (hours) 33.49 33.69 

Mean production (kg/pit)" 0.66 0.65 
(0.18)d (0.17) 

Labor efficiency: 
- Plants/hour 8.11 7.83 

(2.08) (5.71) 
- kg/hour 12.26 11.07 

(3.47) (5.48) 

~: Ramirez et al. (1990). 
NS = Non-significant mean differences. 
• Mean parcel area: 0.10 ha. 

IMPROVED 
Without pruning 

(3) (4) 
young old t values 
coffee coffee t13 t24 

9 6 
15.11 11.72 

404.89 405.56 
248.n 369.99 
26.05 40.17 

0.60 0.89 0.23 NS -0.96 NS 
(0.11) (0.22) 

9.55 9.21 -0.46 NS -0.15 NS 
(2.76) (7.32) 
15.54 10.10 -0.64 NS 0.12 NS 
(4.80) (4.68) 

b Total harvested plants per parcel during all harvests. Mean of the number of parcels. 
C For improved young coffee, plant yields are lower than those of control treatment due to the 

pruning effect. Observed values correspond to the first year of establishment of improved 
practices. 

d Standard deviation in parenthesis. 

Apparently, there could be an incipient financing problem for the establishment of improved 
technology in the coffee-based agrosilvicultural system. Yet, as in the case of labor, coffee 
productivity should increase over time as an effect of pruning and the reduction of the use of 
chemical inputs due to the combined effect of pruning and better management of tree shade. 
To evaluate the long-term effect, it would be necessary to extend the monitoring activities 
started in this study. 

Summing up, results indicate that improved technology tends to increase coffee production 
without additional capital requirements, particularly in regard to labor productivity. 

Feasibility or the introduction and management or rorest species in coffee plantations. 
The feasibility of introducing and managing trees in the agrosilvicultural system in the study 
area is assessed in terms of (1) the density of commercially valuable tree species (as raw 
material and/or services) existing in coffee plantations; (2) the diversity of these species; and 
(3) the natural regeneration possibilities of these species. 
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(a) Density. As shown in Table 5, the current mean tree population (units with a 
commercial log length of over 5 m) of 200 trees/ha is greater than the final population 
recommended by the project (100 trees/ha) and is favorably compared with the density of 21 
trees/ha found in coffee and cacao plantations of the Ecuadorian coast (Mussack and Laarman 
1989). 

Table 4. Labor emciency of maintenance and purchased inputs in the agrosilvicultural 
!lystem under traditional and improved technology in farms being monitored (n = 
29 parcels). 

TRADmONAL 
With pruning 
(1) 
young 
coffee 

Parcels (no.)" 9 
Harvests (no.) 12.56 

Total: 
- Harvested plants (no.t 271.48 
- Cherry coffee (kg) 29.38 
- Labor (hours) 43.11 

Labor efficiency (kg/hour) 9.24 
(4.55) 

Input efficiency (kg/sucre) 
(7.66) 

~: Ramirez et a1. (1990). 
NS = Non-significant mean differences. 
a Mean parcel area: 0.10 ha. 

(2) 
old 

coffee 

5 
5.89 

263.60 
13.55 

511.79 

19.45 
(8.40) 

6.11 
(1.66) 

IMPROVED 
Without pruning 

(3) (4) 
young old t values 
coffee coffee t13 t24 

9 6 
19.11 13.89 

248.n 369.99 
37.66 31.47 

717.30 

6.60 11.75 0.40 NS 0.68 NS 
(3.92) (5.57) 

0.48 0.52 
(0.61) 

b Number of crop trials carried out during the period August 1988 to November 1989. 
Establishment of D. ovalijo/ium, pruning, bending, and layering top branches, control of pests, 
diseases, and weeds. 

According to the sample survey of this study, there is a 99% probability that the true mean 
density of forest species in coffee plantations is between 334.5 and 441.9 units/ha. Likewise, 
the probability of rmding farms in the area with 100 or more units/ha associated with coffee 
is 86.9%. This suggests that: 

(1) Under a mean density of 200 trees/ha, there probably exists an excess of shade with 
marked effects on the microclimate. This is due to a reduction of aeration, interception of light 
and solar radiation, and an increase in humidity. 

(2) Through an intentional planting/management of forest species, based on their own 
experience and project influence, colonists in the study area maintain forest species in 
population numbers similar to those of the natural forest at different ages and phases of 
growth. This could benefit biodiversity in the area. 
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(3) The existence of multiple-purpose trees and particularly of Inga edulis could mean that 
there is a process of soil formation/restoration, through nitrogen fixation and organic matter 
accumulation. 

(4) From the perspective of institutional action, these results reinforce the recommendation 
that the silvicultural management (selection, rotation, and thinning) of existing forest species 
should be given priority over introduction of new species. Exemptions should be made in the 
case of some high commercial value species, such as Myroxylon balsamum, Platymiscium 
stipulare, and Tabebuia chysanlha, which tend to grow under shade in primary forests and are 
in the process of extinction due to high extraction rates. 

(5) The density and state of growth of forest species in coffee plantations support the existence 
of a complete agrosilvicultural farming system, in which trees create several biophysical 
interactions. The economic interactions are significant, as discussed in the section on financial 
viability. 

(b) Species. Table 5 shows 23 principal tree species found in the system. Cordia 
alliodora predominates; 82% of the coffee farms of the sample had a mean of 190 trees/ha, 
equivalent to 48% of the mean tree population. Excluding palm and Inga edulis trees, the 
second most frequent species is Jacaranda copaia (present in 41% of the farms), followed by 
Chimanhis glabriflora (28%), Cedrella odor ala, and Grias neuberthii (both in 17% of the farms). 
The rest of the species are found in less than 10% of the farms, and their probability of being 
found in densities of 100 units/ha is lower than 15%. This suggests that: 

(1) On the basis of the mean volume of C. alliodora wood, with an optimal turnover of 
between 16 and 20 years, the existing volume of standing trees per hectare would vary from 
124.6 m3/ha to 146.9 m3/ha. This yield is twice that estimated by MAG (70 m3/ha, with 
turnovers approximately every 70 years) for the natural forest areas considered commercially 
apt in the Provinces of Napo and Sucumbfos (MAG 1990). Tree inventories made on 25 farms 
in the Coca area show that, in fact, only 30-40 m3/ha had commercial value in natural forests. 
This strengthens the argument in favor of timber production in secondary forests. 

(2) The presence of these species in the system suggests that they adapt well to the soil and 
microclimatic conditions of the agrosilvicultural system and represents good opportunities for 
their improvement. 

(3) The high diversity of species present can allow a selection process based on desirable 
characteristics for association with coffee. These characteristics are related to (1) the tree 
structure (strong root system, small leaves, deciduous, apical growth, fast growth, small crown, 
among other things), and (2) the tree function (easy seed propagation, high biomass production, 
good quality of the wood in terms of use and market demand, and lack of toxic or allelopathic 
effects on coffee). . 

The project has advanced identification of these species but more empirical information is 
needed (particularly volume and yield) in order to facilitate selection, management, and future 
promotion. 

(c) Natural regeneration. Natural regeneration and coppice sprouts are the most 
frequent forms of tree propagation at the farm level (Ramirez et al. 1990). This was found to 
be the case in about 88% of the farms. Intentionally planted trees were found on 54% of the 
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farms and residual trees from the primary forest on 71%. On the other hand, 65% of the mean 
population of trees originated from natural regeneration, while 14% had been recently planted 
and 21% were residuals. 

The mean density of forest species originating from natural regeneration was of 167 units/ha. 
This supports the conclusion that the management of natural regeneration is a feasible strategy 
for reforestation. The observed level of natural regeneration is influenced by the mean level 
of Cordia alliodora (158 units/ha), considered sufficient to provide wood and coffee shade levels 
acceptable for colonists. 

Table S. Number of farms and density (trees/ha) of the main species of trees In the 
agrosilvlcultural system, according to the growing stage of trees (n = 190 farms of 
colonists). 

Saplings" Shrubsb T~esc Total P(A> 1(0) 
Species (l)d (2)e (1) (2) (1) (2) (1) (2) SO!, SEa h 

Balsamo (Myroxylom ba/samum) 1 0.1 0 0 3 0.4 4 0.5 3.3 0.3 0.001 
Batea caspi (Cabralea canjerana) 2 0.3 1 0.1 5 0.5 7 0.9 5.9 0.4 0.001 
Canelo (Pouteria spp.) 0 0 0 0 0 0 0 0 0 0 0 
Caoba (Platymiscium slipulare) 2 0.1 1 0.4 6 0.4 8 0.9 5.7 0.4 0.001 
Capirona (Calycophyllum spruceanum) 19 5.7 4 0.5 11 2.8 28 9.0 32.2 2.4 0.003 
Cedro (Cedrella ordorata) 8 2.0 8 2.6 21 2.6 33 7.2 21.3 1.6 0.001 
Cftricos (CilTUS spp.) 16 0.5 44 8.1 27 7.2 63 15.8 30.5 2.2 0.003 
Cutanga (Parkia multyjuga) 0 0 0 0 0 0 0 0 0 0 0 
Chuncho (Cedrelinga calenaeformis) 5 0.1 1 0.1 5 0.6 5 0.8 7.6 0.6 0.001 
F6sforo (Didymopanax moratotoni) 6 0.7 6 1.2 9 1.0 18 2.9 10.5 0.8 0.001 
Guabos (Inga edulis) 51 19.5 49 10.6 63 17.6 107 47.7 TI.4 5.7 0.251 
Guarango (Parkia nitida) 0 0 0 0 0 0 0 0 0 0 0 
Guayacan (Tabebuia cluysantha) 8 3.2 0 0 8 1.7 22 4.9 23.9 1.8 0.001 
Jacaranda (Jacaranda copaia) 51 15.5 1 6.8 38 11.8 78 34.0 67.4 4.9 0.166 
Lau~1 (Cordia aIliodora) 82 60.3 72 25.0 133 104.7 156 190.2 202.7 14.7 0.672 
Masca~y (Hyeronima chocoensis) 4 0.7 2 0.3 3 0.3 8 1.2 7.0 0.5 0.001 
Mccha (ChimatThis glabriJlora) 47 20.1 8 0.6 12 2.1 53 22.8 62.6 4.6 0.109 
Moral (Clarisia racemosa) 0 0 1 0.1 6 0.5 7 0.5 2.9 0.2 0.001 
Pachaco (Schizolobium spp.) 14 2.7 11 1.1 14 3.4 30 7.3 23.8 1.7 0.001 
Palmas (varias especies) 13 2.7 10 1.3 99 31.7 103 35.7 54.7 4.0 0.121 
Pechiche (Viter cymosa) 10 3.0 7 2.0 4 0.8 16 5.8 30.2 2.2 0.001 
Pit6n (Grias neuberthii ) 9 2.0 7 0.4 24 3.6 37 5.1 14.6 1.1 0.001 
Tachuelo (Zanthoxylum spp.) 13 2.4 5 0.6 8 0.9 19 3.9 14.8 1.1 0.001 

Total 131 137.4 132 55.2 178 200.4 190 393.2 260.5 18.8 0.869 

Standard deviation 16S.5 72.3 168.9 
Standard error 12.0 5.2 12.3 

Source: Ramf~z et a!. (1990). 
(1) Number of farms. (2) Number of units/ha. 
• Under 1.30 m high. 
b 1.30-5.00 m high. 
c Over 5.00 m high. 
d Sampled farms having the specie. 
e Mean density of t~es for farms in the population. 
r SO = Standard deviation in trees/ha. 
a SE = Standard error in t~es/ha. 
b P(A> 1(0) = Prescnt probability of finding farms with population of over 100 t~es/ha. 
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CA TIE studies indicate that the root system of C. alliodora is superficial and can compete for 
nutrients when associated with coffee or pastures, independent of population density and tree 
age (Lagemann and Heuveldop 1982). It is because of this that colonists sometimes prefer 
mixed species to sole C. alliodora blocks. Nevertheless, the level of natural regeneration found 
for the rest of species is below 10 trees/ha, with the exception of Jacaranda copaia, Chimarrhis 
glabriflora, and Inga edulis. 

FINANCIAL ANALYSIS 

The following is an ex-ante analysis of the impact and economic viability of the agroforestry 
technology promoted by the project in terms of (1) colonists' income changes, (2) changes in 
farm labor requirements, and (3) changes in financial profit in terms of internal rates of return. 

The expected net effect of agroforestry technology is influenced both for the expected prices 
of products, labor, and pesticides, as well as by the intensity of colonists' adoption of these 
practices over time. 

Specifically, this section deals, first, with the principal trend in the markets of wood and coffee 
and their magnitudes and, second, it examines the projections of net benefits (at the market 
level) attributable to modern agroforestry technology and the economic benefit for colonists 
(present net value, annuities, and internal rate of return) for introducing and managing trees 
and coffee for both silvicuIturai practices and farming system. 

Third, it analyzes the labor-saving aspects as a basic criterion to understand the attractiveness 
of improved technology for colonists. 

Price levels in the market. Current prices in the market have increased at annual rates of 
15.3% for coffee, 28.9% for beef, and 22.9% for sawn wood. Nevertheless, real prices 
(discounting the .effect of inflation) are -6.7% for coffee, 6.8% for beef, and 0% for wood. 

The observed trend of constant prices for wood and decreasing prices for coffee reflect the 
stagnation of internal demand for wood and the external demand for robusta coffee over the 
last decade. 

The future of coffee and wood prices received by the colonists will largely depend on changes 
in respective demand rather than changes in supply. The local contribution to national 
production in 1989 was estimated to be 17.2% for coffee and 10.4% for sawn and round wood 
of industrial use (MAG 1989). Since the internal market for these products is to some degree 
competitive, it can be expected that greater production will maintain stable real prices received 
by colonists. The assumed prices for colonists, expressed in US dollars (USS1 = 680 sucres, 
as of January 1990), are the following: cherry coffee, USSO.10/kg, and sawn wood, 
USSll.43/m3 standing tree (type C. alliodora). 

Additionally, on the basis of governmental plans to stabilize salaries (CONADE 1989), salaries 
in the rural sector are expected to remain constant at the current level of US$2/day for 8 
hours. 

Internal market for wood of Industrial use. As stated earlier, one of the most dynamic 
components of the agroforestry technology promoted by the project could be the supply of 
increasing volumes of industrial wood. The current inventory is estimated at 125-146 m3 of 



commercial wood/ha, most of which is still in the growing stage, with heights and diameters 
inferior to those required by the market. 

Under local market conditions for sawn wood, the majority of species found in secondary 
forests by natural regeneration in agroforestry systems have a good market and tend to be of 
high relative value. Nevertheless, this is a restricted market which requires trees with DBH 
greater than 40 cm. This could limit wood production to species with high annual growth rates, 
such as C. olliodoro which reaches acceptable dimensions in 16-20 years. Perhaps future 
changes in the wood industry will increase the demand for wood with smaller diameters, 
particularly for interior decoration. 

Potential financial benefit of agroforestry technology. On the basis of the technical coefficients 
and the price assumptions discussed earlier, this section presents the results of the fmancial 
analysis of improved agroforestry technology. 

In general, the introduction and management of trees in association with coffee plantations is 
considered as leading to a more intensive and sustained use of the colonist land and labor 
resources. Although this allows the generation of combined incomes from wood and coffee, 
it is necessary to give up some of the coffee production in order to produce wood. This 
indicates that this form of land use is competitive in economic terms. Tree introduction is 
economically attractive if the additional income attributable to the sale of wood exceeds the 
costs both of its incorporation in the system (income which could have been earned from the 
sale of coffee) and the labor and purchased inputs required for its production. 

Similarly, the attractiveness of planting D. ovolifolium as a green cover and managing older 
coffee trees depends on the net balance between the costs and benefits of developing these 
additional technologies as compared to the traditional forms of weed control and coffee 
growing. Such attractiveness is generally expressed through: 

(1) The marginal internal rates of return of the additional investment required by the new 
technology. 

(2) The return from the most scarce production resources. 

(3) The magnitude of risks (variance) in income and costs generated by the investment. 

(4) The potential value of farm assets. 

(5) The cash flow or distribution of income over time. 

This analysis assumes that the internal rates of return (IRR), the return from family labor, and 
the income distribution over time are the principal characteristics that can define the 
attractiveness of agroforestry technology for colonists. 

Viability of individual agroforestry practices. Table 6 presents the marginal flow, net present 
value, annuity value, and the internal rates of return resulting from the introduction of different 
project agroforestry practices. The introduction and management of the natural regeneration 
of trees of commercial value imply small additional expenses in labor to complement those 
required for weed control in coffee plantations. The marginal internal rate of return for this 
practice is 33.8%. 
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The pruning practices and use of D. ovalifolium in coffee are similarly attractive in terms of 
profitability of the additional investments needed with an IRR higher than 100%. Thus, while 
coffee pruning present an IRR of 803%, planting a cover crop gives a rate of 678%. Such 
rates are consistent with the small investment in seed and labor needed for their establishment 
compared with the increase in the gross margin and the savings in labor costs for weed control. 
These figures demonstrate that given the low magnitude of the additional investments required 
to introduce these practices, the use of the profitability of investment criterion through the 
internal rate of return can be rather insufficient to measure the real attractiveness that these 
practices have for colonists. 

Table 6. Economic feasibility of the introduction of improved agroforestry practices at the 
level of parcels in Coca" (constant prices as of January 1990, US$l = 680 sucres). 

Pruning and 
Trees in D. ovalifolium D. ovalifolium Pruning 

Year coffee in coffee with coffee coffee 

0 0 -92.70 -17.20 -75.50 
1 0 110.40 117.10 -6.70 
2 0 153.69 112.83 40.86 
3 0 272.02 121.68 150.34 
4 -10.00 194.26 121.68 72.58 
5 0 361.% 129.68 232.28 
6 0 465.24 129.68 335.% 
7 0 589.10 100.58 488.52 
8 -20.00 419.20 71.00 348.20 
9 0 159.00 8.00 151.00 

10 0 142.00 8.00 134.00 
11 0 42.00 8.80 33.20 
12 0 0 0 0 
13 0 0 0 0 
14 0 0 0 0 
15 0 0 0 0 
16 0 0 0 0 
17 0 0 0 0 
18 0 0 0 0 
19 0 0 0 0 
20 1428.39 0 0 0 

Net present 
value (8%) 268.48 1641.97 604.16 1037.80 

Annuity (8%) 26.80 163.92 60.31 103.60 
IRR (%) 33.83 156.87 678.48 80.30 

Source: Ramirez et al. (1990). 
• Marginal flows per hectare, for a rotation cycle in the systems of 21 years. Technical 

coefficients are derived from Ramirez et al. (1990). Price assumptions are discussed in the 
subsection entitled "Price levels in the market." 

In fact, these technologies basically imply a better and more intensive use of the farm resources 
(particularly of family labor) with little demand for additional capital. In this context, a more 
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relevant criterion to evaluate attractiveness would be the analysis of labor returns, since labor 
is the most important resource in the system. 

According to the evaluation report (Ramirez et al. 1990), all the improved practices proposed 
by the Agroforestry Project give a labor retribution greater than the mean daily wage of US$2. 
This demonstrates that these technologies use labor more productively and thus are more 
attractive than traditional practices. 

The greatest total labor productivity registered corresponds to the practice of managing trees 
in agroforestry systems. This is obvious since tree management takes advantage of labor 
already used in weed control in coffee, as well as selective clearings in mixed farming systems. 
Nevertheless, labor productivity is low in exclusive silvicultural systems since all the costs of 
labor, of clear-cutting the natural forest, and of managing and cutting of trees are attributed 
to tree production alone. This also favors the existence of mixed plantations of coffee and 
pastures with trees. 

Comparing between traditional practices, the greatest marginal reward is found in tree 
management in the agrosilvicultural system, because of the use of shade. The more intensive 
management of coffee with trees, pruning, and a labor-saving cover crop are all very attractive 
because of their high labor retribution. Thus the observed high interest of colonists to 
introduce these practices in their farms. 

These results speak clearly in favor of agroforestry systems for the region. The profitability of 
managing the existing potential of natural regeneration of trees is very high. Trees with high 
rates of growth, such as C. a/liodora, Jacaranda copaia, Zanthoxylum spp., and Chimanhis 
glabriflora, among others, could be very promising species for colonists. 

Viability at the level or ranning systems. As shown in Table 7, improved agroforestry 
practices, taken as a whole, can be highly attractive for colonists because of their high yields 
(marginal IRR greater than 100%) and their low requirements for additional capital. Still more 
important is the impact that this technology has on the improvement of cash flow. In the 
agrosilvicultural system improved technology augments the cash flow up to 3-5 times in 
comparison to traditional technology. 

These results indicate that with improved agroforestry technology and, as a consequence of the 
intensification of the farming systems, there can be a buffer effect of colonists' income changes 
over time. This in turn brings up the hypothesis that the income distribution over time can be 
one of the most important criteria for colonists' assignation of resources in this area of 
Amazonia. In fact this hypothesis helps to understand the massive planting of nearly 70,000 
ha of coffee of the robusta variety between 1975 and 1989 in the area. Besides its good 
adaptation to red hilly soils, typically acidic and of low fertility, coffee is a source of weekly cash 
income due to its permanent blooming and fruit production under the climatic conditions of 
the region. 

Additionally, these results show that the current contribution of silvopastoral systems to the 
level and flow of cash is very modest as compared to the agrosilvicultural system. 

ADOPTION OF AGROFORESTRY TECHNOLOGY 

The technical feasibility and fmancial viability of agroforestry practices is a necessary but not 
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sufficient condition to ensure their microeconomic impact both on colonists' income and on the 
region as a whole. A sufficient condition is that these practices be used extensively by farms 
in the region. Since agroforestry practices have been used as extension strategies by the 
Agroforestry Project, the adoption level found can be interpreted as an indicator of the viability 
of these practices and of the overall performance of the project. 

Table 7. Economic feasibility of the introduction of improved agroforestry practices at the 
farming systems level in Coca" (constant prices as of January 1990, US$l = 680 
sucres). 

Agrosilvicultural system (USS/ha) Silvopastoral system (USS/ha) 
Year Traditionalb Improved Marginal Traditionalb Improved Marginal 

0 -283.85 -376.55 -92.70 -228.64 -247.96 -19.32 
1 -181.40 -71.00 110.40 -275.95 -262.92 13.03 
2 -186.82 -33.13 153.69 -17.96 4.75 22.01 
3 -117.68 154.34 272.02 -51.21 6.34 57.55 
4 -39.92 154.34 194.26 -45.71 1.74 47.45 
5 -55.82 306.14 361.96 -90.86 -24.11 66.75 
6 -134.50 331.14 465.64 -66.10 -17.69 48.41 
7 -257.96 331.14 589.10 -81.17 -13.65 -94.82 
8 0 419.20 419.20 0 -17.43 -17.43 
9 0 159.00 159.00 0 115.11 115.11 

10 0 142.00 142.00 0 0 0 
11 0 42.00 42.00 0 0 0 
12 0 0 0 0 0 0 
13 0 0 0 0 0 0 
14 0 0 0 0 0 0 
15 0 0 0 0 0 0 
16 0 0 0 0 0 0 
17 0 0 0 0 0 0 
18 0 0 0 0 0 0 
19 0 0 0 0 0 0 
20 428.68 1428.93 1000.25 275.78 1143.14 857.36 

Net present 
value (8%) -848.18 890.86 1739.04 -491.42 -177.20 314.22 

Annuity (8%) -84.67 88.93 173.61 -49.06 -17.69 31.36 
IRR (%) -6.37 25.43 152.04 -4.21 4.99 118.38 

Source: Ramirez et al. (1990) 
a Technical coefficients are derived from Ramirez et al. (1990) Annexes 2, 3, 5. Price 

assumptions are discussed in the subsection entitled "Price levels in the markel." 
b Negative flows in traditional systems result from giving labor its opportunity cost of USS2/ day. 

Nevertheless, the project's performance in terms of adoption could be influenced by the time 
colonists' have been exposed to it, the process of autonomous diffusion linked to some of these 
practices, and exogenous factors such as low coffee prices and the 1987 earthquake. Although 
these two effects were not explicitly considered in this study, it tried to analyze the effect of 
biological, sociocultural, and economic variables which could have been affecting colonists' 
decisions regarding adoption. 
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The project's effect on the trial/adoption of the agroforestry practices was derived from the 
analysis both of information sources and provision of planting material related to these practices 
during the period the project was in operation (1985-89) at the time of the survey. 

As shown in Table 8, tree management and pruning practices in coffee plantations were 
widespread among colonists in the Coca area. However, only a low proportion (5%) planted 
Desmodium ovalifolium for ground cover in coffee fields. 

The Agroforestry Project had the greatest effect on the use of D. ovalifolium and a relatively 
modest influence on the adoption of tree management practices and coffee prunings. This 
indicates that colonists are learning from other sources and are also relying on their own 
experiences to create viable farming systems. 

Table 8. Adoption rates of modern agroforestry technology. 

Adoption Project Autonomous 
Practice level effect diffusion 

-%- -%- -%-

Management of trees 99 30 70 
Pruning coffee 92 19 81 
Use of D. ovalifolium (for ground cover) 5 76 24 

Source: Ramirez et al. (1990). 

D. ovalifolium was introduced in coffee plantations to reduce labor and herbicide requirements 
in controlling weeds. The low adoption rates are due not only to farmers' lack of knowledge 
of this practice but also to management problems. Colonists maintain that this legume is very 
aggressive and tends to become another weed hard to control, making coffee harvesting a 
complicated task. 

COST-BENEFIT OF THE AGROFORESTRY PROJECf 

Using a cohort model to estimate the project's potential direct benefit on colonist popUlation 
in the Coca area, Ramirez et al. (1990) found that the financial viability of this project at the 
aggregate level was very high, with an IRR of 42.2% and a cost-benefit relationship of 1:1.69. 
The indicators used were derived from comparing the direct costs flow incurred by the National 
Forestry Board of the Ministry of Agriculture in this project and the estimates of future costs 
in similar forestry support activities, with the benefit flows attributable to the increasing wood 
and coffee production resulting from the use of improved agroforestry practices among colonists 
in the region. 

The present net value of MAG investment in the project during 1984-89 and projected for the 
next 20 years was estimated in US$1,412,430, discounted at an 8% annual rate. The present 
net value of the project marginal benefits discounted at the 8% rate was estimated at US 
$2,667,532 for improved agroforestry systems. This suggests both that the IRR and the cost
benefit relationship are highly attractive for the project sponsors, as well as that there has been 
a high social return for the investments made in the project. 
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CONCLUSIONS 

The main objective of this study was to examine the potential contribution of modem 
agroforestry practices to income and employment patterns of small colonists settled in 
secondary forests of the Ecuadorian Amazon. 

Field data were collected through a detailed monitoring of the agrosilvicultural systems of 13 
selected farms during a year (September 1988-0ctober 1989) and through a random survey of 
a sample of 190 farms in the Coca area. 

The principal conclusions are: 

(1) The intensification of traditional agroforestry systems in this area of Amazonia is 
technically feasible and economically viable. The practices promoted by the Agroforestry 
Project can increase wood and coffee production and reduce labor requirements. This 
intensification can make agroforestry systems very attractive for colonists in Amazonia and can 
lead to further pressures over the natural forest in the future. To counteract these pressures, 
appropriate public policies are needed to regulate land tenure and use, and balance the needs 
of landless people from other regions of the country with measures designed to preserve the 
biodiversity and maintain the ecological balance in the humid tropics. 

(2) The use of improved agroforestry technology is a real alternative for the management of 
secondary forests which would not have negative ecological or social implications such as a 
higher labor demand in the region. On the contrary, this technology favors a more productive 
use of labor, reducing also cash requirements in times of low prices for coffee. In the short 
run, this can reduce the current colonists' pressure on the resources of natural forests by fmding 
compensatory sources of income. In the medium term, such pressure will tend to disappear 
once the actual wood inventory enters into a productive stage. As this study demonstrates, the 
existing volume of commercial wood in open areas can be two to six times larger than the 
original primary forest, with rotations of less than 20 years. This can make the wood resource 
the most dynamic component of this farming system in the not-so-distant future. 

(3) The greatest contribution to the colonists' income levels and stability comes from the 
agrosilvicultural system (in contrast to the silvopastoral one). Income stability can be the key 
to reduce ecological damage caused by spontaneous settlement; therefore, the future 
performance of this system will depend to a large degree on the ability of producers to diversify 
coffee production. Present income variability among farmers in the study area is largely due 
to problems affecting coffee. These include fluctuating international prices of robusta coffee, 
the incidence of the coffee bean borer, and the lack of internal mechanisms to stabilize coffee 
prices. 

(4) Although the great majority of farmers do manage trees and employ practices such as 
coffee pruning, there is an ample margin of action to improve the productivity of wood and 
coffee. The potential natural regeneration of Cordia alliodora alone (201 units/ha) could satisfy 
the wood production requirements of colonists. The current volume of standing C. alliodora 
wood was estimated at between 125 and 162 m3/ha, in turns of 12 and 16 years. This yield is 
more than twice the mean commercial standing volume estimated for the natural forests of the 
area (20 to 70 m3/ha). 
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(5) The Agroforestry Project has demonstrated the feasibility of reducing labor and pesticide 
requirements simply by improving the use of shade, the introduction of ground cover crops such 
as D. ovalifolium, and the use of practices such as pruning and bending and layering top 
branches. Nevertheless, there are risks involved in the introduction of these practices, namely 
the aggressive behavior of the legume ground cover D. ovalifolium CIAT 350, and the colonists' 
perception about the increasing requirement of labor and possible damage to the plants 
resulting from the bending of coffee branches. 

(6) Controlled experimentation of short cycle crops (maize, rice, cassava, and plantain), fruit 
trees, and native species of industrial use, all with the capacity to develop with low luminosity, 
could contribute to improving land use during coffee establishment or as part of the rotation 
cycle. 

(7) It is necessary to carry out research into possible enrichment of residual forests with high 
value species, particularly those that are not usually found in mixed systems due to low growth 
or low adaptation to the abundance of light in the secondary forest. These include Tabebuia 
chrysantha, Platymiscium stipulare, Vitex cymosa, and Cedrella ordorata. 
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Critique of 

ARE MODERN AGROFORESTRY PRACTICES ECONOMICALLY VIABLE? 
A CASE SroDY IN mE ECUADORIAN AMAZON 
(Jorge Uquillas, Alvaro Ramirez, and Carlos Sere) 

by 

Carlos Reiche (chair), Jim Chamberlain (rapporteur), Wieland Kunzel, Rodrigo Arias, Bertrand 
Zida, N. C. Saxena, T. H. Thomas, Kent Fleming 

PROBLEM STATEMENT AND HYPomESIS 

The introduction brings the reader into the paper well and provides a broad project description 
without covering detailed components. Hypotheses relating to the potential effects of 
agroforestry interventions are clearly stated, although they might better be positioned before 
the discussion of "working hypotheses." 

The project itself involved research at the plot, farm, and regional levels and involved technical, 
socioeconomic, and adoption research. Some members of the group felt that the scope of the 
paper, which summarized findings from the entire project, was too broad to allow detailed 
analyses of the methods used for economic analysis in the different studies. 

On a more technical point, the paper indicated that the project focused on assessing gross 
income effects of agroforestry interventions. The group felt that a more appropriate assessment 
criterion might be net income or profitability. 

METHODOLOGY 

The methodology was appropriate, including combined biological, social, and economic 
components. The overall system description was weak and the complexity of what was being 
examined did not allow rigorous analyses. The annual crop components were not clearly 
specified. It was not clear which trees were planted as part of the project and which were 
grown on farms anyway. The use and presentation of data were strong. More sensitivity 
analysis, possibly through modeling, would have been appropriate. The use of IRR was deemed 
inappropriate. 

DATA COLLECTION AND FIELD MEASUREMENT 

The approach to data collection and presentation was good. Technical coefficients on 
productivity of agroforestry interventions were taken from on-farm plot studies, while 
information on farmer management, integration of agroforestry into the farming system, and 
adoption were taken from informal and farm surveys and farmer assessments. 

The size of the data sets was not always specified. In the discussion of adoption, it was not 
clear how many farmers were represented by the sample. 
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INTERPRETATION OF RESULTS 

Some of the tables were difficult to interpret, as they were based on data from different 
populations. The adoption figures were particularly high, but there was little explanation of why 
or how this was happening. The time horizon was not clearly specified. Given that this was 
part of the mandate of the project, more information on the regional-level effects of adoption 
of different agroforestry technologies would have been valuable to the reader, particularly since 
this type of analysis is not commonly available with ex-post data. 

LESSONS LEARNED 

This study represents an admirable attempt to integrate the various components affecting the 
economic performance of an agroforestry system at the plot, farm household, community, and 
regional levels. While this holistic approach is desirable, it is often difficult to analyze and 
synthesize, especially in a short paper. 

There is a need for complete transparency in any economic analysis so the reader can follow 
its logic. This degree of detail is difficult in a paper of wide scope. (For example, the source 
of data in Tables 6 and 7 is not obvious.) The material presented could have provided three 
more detailed papers rather than the one developed here. 

The paper demonstrated the value of building agroforestry projects on the strengths of farmers' 
existing agroforestry systems and knowledge and the role of rigorous economic assessment in 
assessing and improving those technologies. 
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APPENDIX A 

GLOSSARY 

Annuity. An amount paid or received annually or at other regular intervals for a stated period 
of time. 

Assets. Property or claim owned by an individual or an enterprise. "Current" assets consist of 
cash and items expected to be converted into cash within a reasonably short period, usually 
one year. "Fixed" assets are durable items of relatively long life that are used by the 
enterprise for production of goods and services. 

Benefit. In project analysis, any good or service produced by a project that furthers the 
objective of the entity from whose standpoint the analysis is being undertaken. 

Benefit-cost analysis. See cost-benefit analysis. 

Benefit-cost ratio (B/C ratio). A discounted measure of project worth. The present worth of 
the benefit stream divided by the present worth of the cost stream. See Appendix B. 

Benefit stream. A series of benefit values extending over a period of time, generally several 
years. 

Blo-economlc models. Series of mathematical equations and relationships describing biological 
and economic process of a natural system. Models incorporate production functions and 
budgeting data so that changes in one set of variables are reflected in changes in another 
set in a dynamic manner (see "simulation model"). 

Block planting. Trees grown in a unit area for a specific purpose (e.g., fuelwood or fodder). 

Break-even analysis. Point of output at which revenues equal fixed and variable costs. 

Capital. In an economic sense, goods created by the process of investment that are capable 
of producing economic wealth. 

Capital recovery factor. The annual payment that will repay a loan of 1 currency unit in x 
years with compound interest on the unpaid balance. 

Case study. In-depth analysis of a field activity in agroforestry in a specific geographical 
location. 

Cash fiow. Amount of money generated from the production activity. Includes both 
expenditures (outflows) and revenues (in-flows). 

C.i.f. (cost, Insurance, and freight). The landed cost of an import on the dock or other entry 
point in the receiving country. 

Comparative analysis. Comparison of the same agroforestry technology under different 
agroclimatic conditions. 

297 



Compounding. The process of finding the future value in some future year of a present 
amount growing at compound interest. See "Future value" in Appendix B. 

Constant price. Refers to a value, most often a price, from which the overall effect of a 
general price inflation has been removed. 

Contingency allowance. An amount included in a project account to allow for adverse 
conditions that will add to baseline costs. 

Cost. In project analysis, any good or service a project uses that reduces progress toward the 
objective of the entity from whose standpoint the analysis is undertaken. 

Cost-benefit analysis. Comparison of relevant costs and benefits for an investment over a 
period of time. 

Cost etTectiveness analysis. An appraisal and program-monitoring technique used primarily in 
social programs and projects in the health, population, nutrition, and related sectors in 
which benefits cannot be reasonably measured in money terms. 

Cropping intensity. Total cultivated area on a farm divided by total cropland. When there is 
multiple cropping, the cropping intensity may be greater than 1. 

Crossover discount rate. The discount rate that equalizes the present worth of the cost 
streams of two alternatives producing the same result. Usually used to choose between two 
technological alternatives or alternative project designs having different time streams. 

Current. Refers to a value, most often a price, that includes the effects of general price 
inflation. A past value or price as actually observed; a future value or price as expected to 
occur. 

Cut-otT rate. The rate below which a project is considered unacceptable. Often taken to be 
the opportunity cost of capital. 

Depreciation. The anticipated reduction in the value of an asset over time that is brought 
about through physical use or obsolescence. 

Discounted cash flow analysis. Analysis based on the net incremental costs and benefits that 
form the incremental cash flow. It yields a discounted measure of project worth such as the 
net present worth, internal rate of return, or net benefit-investment ratio. 

Discount factor. How much $1 at a future date is worth today. Also called the "present worth 
factor" and the "present worth of 1." The expression 1 divided by (1 + i)D where i = the 
rate of interest ( discount rate) and n = the number of years. 

Discounting. The process of fmding the present worth of a future amount. The present worth 
is determined by multiplying the future amount by the expression 1 divided (1 + i)D where 
i = the discount rate (interest rate) and n = the year. 
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Discount rate. The rate of interest that measures the opportunity cost of waiting to consume 
goods at a later time rather than consuming them today. Used in project analysis to 
determine the present value of a future cost or benefit. 

Economic analysis. Analysis done using economic values. In general. economic analysis omits 
transfer payments (including credit transactions) and values all items at their value in use 
or their opportunity cost to the society (often a border price for traded items). 

Economic efficiency. Achieved when technical efficiency (input/output) and operating efficiency 
result in the efficient allocation of resources based on prices of inputs and outputs. 

Economic life. The period during which a fIXed asset is capable of yielding services to its 
owner. 

Economk rate of return. Internal rate of return from the social viewpoint using economic 
values in benefits and costs. 

Economic rent. The return for the use of a factor of production in excess of the minimum 
required to bring forth the service of the factor. 

Economic value. The amount by which production of a project output or use of a project input 
changes national income (or other national objective in project analysis). 

ElTective demand. Actual demand for a product or service backed by peoples' ability to pay. 

Efficiency price. An economic value used in economic analysis that reflects the opportunity 
cost or value in use of a good or service used or produced by a project. 

Elasticity of demand. Change in quantity demanded for a product due to change in either 
price (own or others' products) or income. 

Equal installments. The amount of debt service when a loan is repaid in a series of payments 
of the same total amount but of varying proportions of principal and interest. 

Equity. An ownership right or risk interest in an enterprise. Equity capital is the residual 
amount left after deducting total liabilities (excluding stockholders' claims) from total assets. 

Equivalent annual periodic income. See annuity. 

Ex4/lte analysis. Economic analysis conducted before the start of a project projecting benefits 
and costs based on secondary data. 

Ex-post analysis. Economic analysis conducted at the end of a project based on actual costs 
and returns from a project. 

Externality. In project analysis. an effect of a project felt outside the project and not included 
in the valuation of the project. 

Factor of production. An input required to produce output. 
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Fallow management. Fast-growing trees planted solid in a unit area for holding soil and 
replacing nutrients. Trees removed and returned to cropping after a period of time. 

Farm budget. In farm investment analysis, a projection of the inflow and outflow of a farm to 
estimate the incremental net benefit over the life of a project. 

Farm gate. The boundary of a farm. The farm-gate price is the price a farmer receives for 
this product or pays for inputs at the boundary of the farm-that is, the price without any 
transport to a market or other marketing service. 

Farm income analysis/comparative analysis. A tool to evaluate production revenues and costs; 
utilization of labor, land, and capital resources; management constraints; and productivity 
of existing farm enterprises and inputs. 

Farm investment analysis. An analysis of a farm to determine the attractiveness of additional 
investment in the farm. 

Feasibility study. A study of a proposed project to indicate whether the proposal is attractive 
enough to justify more detailed preparation. 

Financial rate of return. The internal rate of return calculated using market costs and prices. 

Fixed cost. Costs that do not change as the level of output changes in the short run. 

Formal survey. Structured interview survey instrument used to obtain production, marketing, 
and sociological information. 

Funds Dow analysis. An analysis of the cash inflow and outflow in an enterprise. 

Gross margin analysis. Difference between total revenues and direct (variable) costs for an 
activity to measure the direct effects on output levels from changes in input levels, and vice 
versa. 

Hedgerow intercropping. Use of trees planted in rows with annual crops grown in open 
spacing between trees. 

Hired labor. In agricultural projects, labor employed by a project or a farmer that is other 
than that of project participants or the farm family and that is paid a wage, perhaps an in
kind payment. 

Home-consumed production. Goods and services that are produced on a farm and are 
consumed by the farm family. 

Impute. To determine a price or economic value by some computation rather than by using 
an observed market price. 

Income. The flow of goods and services accruing to an individual or a group of individuals. 

InDation. An increase in the general price level of an economy. Inflation occurs when the 
quantity of money in circulation rises relative to the quantity of goods and services offered. 
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Inflow. All payments, goods, and services of value that are received or produced by an 
enterprise and that increase net benefits. 

Informal survey. Unstructured survey to determine general trends in a short period of time. 

In-kind payment. A payment-in general, wages or a payment for cultivation rights-made in 
the form of goods or services rather than in money. 

Intangible. In project analysis, refers to a cost or benefit that, although having value, cannot 
realistically be assessed in actual or approximate money terms. Intangible benefits include 
health, education, employment generation, environmental improvements, electricity used for 
home lighting, and the value of domestic water supply. The tangible cost of avoiding an 
intangible cost may be included in the cost of a project (e.g., soil erosion, siltation). Projects 
in which a substantial amount of the benefit is intangible may be evaluated using cost 
effectiveness analysis. 

Intangible benefits. Benefits which are not directly measurable (e.g., environmental benefits). 

Interest. A payment for use of money, generally stated as a percentage per year of the amount 
(principal) borrowed. 

Intermediate. With reference to goods and services, those goods and services that are used as 
an input for further transformation by some other production activity-not for consumption 
or as an addition to the stock of fIXed capital (e.g., fodder from trees used in on-farm 
livestock production). 

Internal rate of return. A discounted measure of project worth. The discount rate that just 
makes the net present worth of the incremental net benefit stream, or incremental cash 
flow, equal zero. See Appendix B. 

Investment. In project analysis, use of resources for a productive activity from which an income 
is expected to flow at a future time. 

Investment period. With respect to a project, the period when the major project investments 
are undertaken. 

Linear programming. A mathematical method of determining an optimal combination of 
inputs to maximize (or minimize) an objective in which the input variables involved are 
subject to constraint. 

Liquidity. The readiness with which an asset can be converted into cash. 

Living fence. Trees planted in a line. Density of planting may vary depending on use of the 
tree. If as a hedge for boundary, then could be dense. If for poles or large pieces, 
separated and used to hold wire fencing. 

Long-term. Occurring over a relatively long period. Often taken to be more than one year. 
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Loss-avoidance. A loss that would have occurred without a project and that is avoided as a 
result of the project. A loss avoided is a benefit attributable to the project. Decline in crop 
yield without use of trees to reduce erosion. 

Marginal analysis. Analysis of the change in one variable when a small change is made in 
another variable. 

Marginal benefit. The increase in benefit with an additional unit of input. 

Marginal value product. The value of additional output generated by an additional unit of 
variable input. 

Marketing margin. The difference between the price a buyer pays for a good or service and 
the price at which he sells that good or service. 

Market price. A price at which a good or service is actually exchanged for another good or 
service (as an in-kind payment) or for money (in which case it is a fmancial price). 

Mathematical programming. Entails optimization under specific resource constraints and an 
objective function. Technical production coefficients are specified in terms of inputs 
required per unit of a given activity. Objective function could be revenue maximization or 
cost minimization. 

Measure of project worth. A summary measure of the contribution a project will make to the 
objective of a participant in the project. 

Minimum data sets. A minimum number of variables important to analyze an agroforestry 
system. 

Mixed intercropping. Trees and several crops interspersed within a unit area. Trees could be 
irregularly planted, sown in pastures, or in home gardens. 

Money terms. The monetary prices of goods and services. 

Monoculture. A single crop/tree grown on a unit of land. 

Multiplier. Impact throughout the economy from reinvestment of benefits. 

Negative. With reference to costs or benefits, refers to a value in a cost or benefit stream that 
is opposite in sign to the sign normally associated with the stream. 

Net benefit. In project analysis, the amount remaining after all outflows are subtracted from 
all inflows. May be negative. The net cash flow. The incremental net benefit is the 
increase in net benefit with the project as opposed to the case without the project. It is the 
incremental cash flow. 

Net benefit increase. A measure of added benefit, generally applied to farming. The present 
worth of the incremental net benefit after fmancing with the project divided by the present 
worth of the net benefit after fmancing without the project, expressed in percentage terms. 
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Net benefit-investment ratio (N/K ratio). A discounted measure of project worth. The 
present worth of the net benefits divided by the present worth of the investment. 

Net cash now. Money generated after paying for direct costs. 

Net present value. A discounted measure of project worth. The value at the current time of 
the discounted benefits minus the discounted costs. See Appendix B. 

Netting-out. In project analysis, the process of subtracting costs from benefits to obtain the net 
benefit, or cash flow. 

Nominal. The measurement of costs, prices, or discount and interest rates in current prices, 
including the effects of inflation. The opposite of real. 

Nontraded. A project input or output that is not traded across the national boundaries of a 
particular country either because of its cost of production or because of restrictive trade 
practices. 

Official exchange rate. The rate, established by the monetary authorities of a country, at which 
domestic currency may be exchanged for foreign currency. 

Opportunity cost. The benefit foregone by using a scare resource for one purpose instead of 
for its next best alternative use. 

Optimization model. Mathematical model for selecting a set of inputs which will result in the 
"best" result according to a set of criteria. 

Partial analysis. An analysis that assumes that only certain elements analyzed will change 
while all others remain the same. 

Partial budget. A budget that addresses itself to only part of an enterprise on the farm. 

Participant observation. Involvement of farmers in providing information on the assessment 
of a technology. 

Payback analysis. A determination of the number of years required to pay back the initial 
investment. 

Payback period. An undiscounted measure of project worth. The time from the beginning of 
a project until the net (undiscounted) value of the incremental production stream totals the 
amount of the (undiscounted) investment of capital. 

Polyculture. Two or more crops/trees on a unit of land area. 

Present value of incremental net returns (PVINR). A method to determine the benefit with 
and without the improved technology by discounting net returns (see Ehui's paper). 

Present worth. The value at present of an amount to be received or paid at some time in the 
future. 
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Present worth of a stream of future income. The present worth (at time to) of a stream of 
income commencing sometime in the future (that is, other than at time to). 

Price. The amount (usually of money) that must be exchanged for a good or a service. 

Production function. Relationship between inputs and a measurable output (e.g., yield). 
Relationships may be linear or non-linear. Production functions are used to evaluate 
marginal changes in quantities or prices of inputs and outputs in short-to-medium term to 
identify optimal points of operation. 

Productivity. Measure of inputs to a level of output. 

Project analysis. An analytical system that compares costs with benefits to determine if a 
proposed project, given the alternatives, win advance the objective of the entity from whose 
standpoint the analysis is being undertaken sufficiently to justify undertaking the project. 

Project boundary. The extent of the activities included within project accounts. 

Project cycle. The sequence of analytical phases through which a project passes. 

Ranking by inspection. An undiscounted measure of project worth that simply consists of 
examining the investment cost of a project and the shape of the net value of incremental 
production stream. 

Rapid appraisal. Methods for ascertaining quickly the key relationships and constraints in 
introducing a technological intervention in a geographical area. 

Rate of return. Remuneration to investment stated as a proportion or percentage. 

Real. Reflects the physical, not nominal or relative, quantities of goods or amounts of services. 
The measurement of costs, prices, or discount and interest rates in constant monetary terms 
excluding the effects of inflation. 

Residual value. The value of an asset remaining unused at the end of a project. Also called 
"terminal value." 

Return of capital. The return to the investor of part or all of the initial investment of capital 
in a project. 

Return to capital. The rate of return received by the investor on capital engaged in a project. 

Risk analysis. An analytical technique in which probabilities of occurrence are determined for 
all critical project elements and then, by computer, repeated computations of a measure of 
project worth are made, each element entering in successive computations according to its 
probability of occurrence. The result is most commonly reported in the form of a 
cumulative probability curve plotted on a graph in which the vertical axis represents the 
probability a measure of project worth wiD fall below a stated value and the horizontal axis 
represents the values of the measure of project worth. 

Salvage value. See residual value. 
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Secondary. With reference to costs and benefits, a cost or benefit that arises outside the primary project accounts as a result of the costs or benefits of the project working through the multiplier effect. 

Sensitivity analysis. An analytical technique to test systematically what happens to the earning capacity of a project if events differ from the estimates made about them in planning. A means of dealing with uncertainty about future events and values. A sensitivity analysis is done by varying one element or a combination of elements and determining the effect of that change on the outcome, most often on the measure of project worth. In agricultural project analysis, most projects should be tested at least for the effects on earning capacity of changes in prices, cost overrun, delay in implementation, and changes in yield. 

Shadow price. The value used in economic analysis for a cost or a benefit in a project when the market price is felt to be a poor estimate of economic value. Generally used as synonym for "accounting price." Shadow price technically implies a price that has been derived from a complex mathematical model (for example, from linear programming) whereas an accounting price simply indicates that the price is not a market price. 

Simulation model. Series of mathematical equations and relationships to express the changes in a process over time. Model used to analyze predicted changes in economic returns with changes in inputs, prices, productivity, climatic conditions, and management. 

Social rate of discount. Discount rate which reflects the wider opportunity costs to society for money and resources. 

Social time preference rate. A rate, usually expressed in the form of a percentage, that expresses the preference of a society as a whole for present returns rather than future returns and that sometimes is proposed as a discount rate for project analysis. 

Soil degradation rate. Rate at which soil will lose its productivity under a management system. 

Soil expectation value. Expected productivity of soil over time expressed in terms of yield of crops grown on a unit area of land. Measures the present value per area for a series of identical rotations of crops and cash flows in perpetuity. 

Standing value. Measure of the creation of capital in the form of trees. Standing value is calculated as the biomass increment of the existing marketable tree species and quantitatively given a value based on the local purchase price. 

Steady state model. A system where the inputs and outputs are in a self-sustaining pattern. 

Stumpage price. The sale price for trees where they stand (on the stump). 

Subsidy. A transfer payment. A direct subsidy is a payment made by a government to a producer (such as a farmer) and is a direct transfer payment. An indirect subsidy may occur when manipUlation of the market produces a price other than that which would have been reached in a perfectly competitive market. 
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APPENDIX B 

SUMMARY OF FINANCIAL AND ECONOMIC CRITERIA 
FOR INVESTMENT ANALYSES 

Criterion 

Future value of present payment 

Present value of future payment 

Simple internal rate of return 

Net present value (NPV) 

Internal rate of return (IRR) 

Formula 

v,} - V. /( 1 +;)" 

n B, - C, 
; (1+;)' 

Application 

Calculate a single future value 

Calculate a single present value 

Calculate a simple rate of 
return for two cash flows 

Calculate the present value of 
many cash flows 

; such that Calculate the rate of return for 
many cash flows 1;_8_, -1:~ 

,.0 (l +;)' ,.0 (l +;)' 

Benefit:cost ratio (B:C) 1: _B_,_ 
, .0 (I +i)' 

Calculate the ratio of 
discounted benefits to 
discounted costs ±~ 

,.0 (1+;)' 

Soil expectation value (SEV) NPV + NPV Calculate the present value of 
an infinite number of identical 
periodic cash flows 

Equivalent annual income (EAI) SEV(i) 

where: Vo = value in year 0 
Vn = value in year n 
B, benefit in year t 
C, = costs in year t 

i 
t 
n 

[(1+;)"-1] 

= 
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Calculate the perpetual annual 
equivalent of an infinite 
number of periodic payments 

interest (discount) rate 
number of years since year 0 
number of years in rotation 
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