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Abstract

The period since the early 1990s has witnessed an explosion of rescarch on the adoption of agroforestry innovations
in the tropics. Much of this work was motivated by a perceived gap between advances in agroforestry science and
the success of agroforestry-based development programs and projects. Achieving the full promise of agroforestry
requires a fundamental understanding of how and why farmers make long-term land-use decisions and applying
this knowledge to the design, development, and ‘marketing’ of agroforestry innovations. This paper reviews the
theoretical and empirical literature that has developed during the past decade analyzing agroforestry adoption from
a variety of perspectives and identifies needed future research. Much progress has been made, especially in using
binary choice regression models to assess influences of farm and household characteristics on adoption and in
developing ex-ante participatory, on-farm research methods for analyzing the potential adoptability of agroforestry
innovations. Additional research-needs that have been identified include developing a better understanding of
the role of risk and uncertainty, insights into how and why farmers adapt and modify adopted systems, factors
influencing the intensity of adoption, village-level and spatial analyses of adoption, the impacts of disease such as

AIDS and malaria on adoption, and the temporal path of adoption.

Introduction

No matter how elegant, efficient. productive, and/or
ecologically sustainable, agroforestry systems can
contribute 1o sustainable land use only if they are ad-
opted and maintained over long time periods (Raintree
1983; Scherr 1992; Sanchez 1995). Although there are
some examples of significant adoption over the past
two decades (Current et al. 1995; Buckles and Tri-
omphe 1999; Barreit et al. 2002; Franzel and Scherr
2002), many have lamented the fact that adoption and
diffusion have lagged behind the scientific and techno-
logical advances in agroforestry research reducing the
potential impacts of agroforestry-based development
projects (Adesina and Chianu 2002; Alavalapati et al.
1995; Bannister and Nair 2003: Lapar and Pandey
1999: Nair 1996; Sanchez 1995; Thacher et al. 1997).
As a result, research on adoption of agroforestry in-
novations has attracted much attention and generated
a relatively large literature during the past decade.

Approaches to analyzing agroforestry adoption
tend to follow the vast literature on adoption of agri-
cultural production technologies, most of which focus
on new or improved production inputs (e.g. Green
Revolution inputs) for conventional agricultural crops
(Feder et al. 1985; Feder and Umali 1993). A number
of features of agroforestry, however, make analysis
of its adoption unique and deserving of its own re-
view. Adoption of agroforestry is considerably more
complex than traditional agriculture because it usu-
ally requires establishing a new input-output mix of
annuals, perennials, green manure, fodder and other
components, combined with new conservation tech-
niques such as contour hedgerows, alleycropping, and
enriched fallows (Rafig et al. 2000). Unlike stand-
ard agriculture, there are few packaged agroforesiry
or farm-based, natural resource management (NRM)
practices to deliver to farmers (Barrett et al. 2002).
As a result, agroforestry and other NRM innovations
are typically more knowledge-intensive than modern
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agricultural development packages based on improved
seed, chemical, and/or mechanical inputs. Therefore,
farmer education, experimentation, and modification
are more important for agroforestry and NRM devel-
opment than for conventional agriculture (Barrett et al.
2002).

This multicomponent, multiproduct nature of agro-
forestry may limit adoption due to the complex man-
agement requirements and the long period of testing
and modification that is required compared to an-
nual cropping technologies. An agroforestry system
is likely to take three to six years before benefits be-
gin to be fully realized compared to the few months
needed to harvest and evaluate a new annual crop
or method (Franzel and Scherr 2002). These char-
acteristics can enhance opportunities for adoption by
allowing more farmer experimentation and adapta-
tion but can also complicate analysis of who adopts,
what they adopt, and how they modify the system
adopted (Vosti et al. 1998). The additional uncer-
tainty inherent in these new input-output mixes is
also an important reason for slower adoption rates
and suggests that agroforestry projects will require
longer time periods before becoming self-sustaining
and self-diffusing than the earlier Green Revolution
innovations (Amacher et al. 1993).

Most research supports the notion that decisions to
adopt resource-conserving practices like agroforestry
are largely driven by expected contributions to in-
creased productivity, output stability through risk re-
duction, and enhanced economic viability compared
to the alternatives (Arnold and Dewees 1995; Sain
and Barreto 1996; Salam et al. 2000; Scherr 2000).
Therefore, this review of the agroforestry adoption lit-
erature is primarily economics-based. Following on
Pattanayak et al’s (2003) meta-analysis of multiple
regression based agroforestry studies, this paper ex-
amines the broader adoption literature to assess the
current state of knowledge on agroforestry adoption.

Definitions and a brief history of
adoption-diffusion research

Innovation, adoption, diffusion

From a sociological viewpoint, an innovation is an
idea, practice, or object that an individual perceives as
new. Since the focus is on the perception of the idea,
the innovation need only be ‘new’ to the potential ad-
opter. This suggests that adoption is the mental process

from first hearing about an innovation to deciding to
make full use of the new idea (Rogers and Shoemaker
1971; Rogers 1983; Evans 1988). Feder et al. (1985)
argued, however, that sociological definitions of ad-
option are usually inadequate for ‘rigorous theoretical
and empirical analysis’ due to their imprecision and
failure to distinguish individual or farm-level adoption
from aggregate adoption.

From an economic standpoint, an innovation is
a technological factor of production with perceived
and/or objective uncertainties about its impact on pro-
duction. Farmers reduce uncertainty over time by
acquiring experience, modifying the innovation, and
becoming more efficient in its application. Therefore,
economists have defined final adoption at the farm-
level as ‘the degree of use of a new technology in
long-run equilibrium when the farmer has full in-
formation about the new technology and its potential’
(Feder et al. 1985).

Diffusion of technological innovations has been
defined as the spread of ‘successful’ innovations as
they combine with or displace existing ‘inferior’ al-
ternatives (Sarkar 1998). Thus, diffusion concerns the
extent (spatially and temporally) to which the new in-
novation is put to productive use. Early adopters are
often referred to as innovators and the diffusion pro-
cess as the spread of the innovation to other members
of the population (Feder and Umali 1993).

Adoption typically has been viewed from two per-
spectives. At the individual farm level, each household
chooses whether or not to adopt and the intensity of
adoption. Farm-level adoption studies, then, are con-
cerned with the factors influencing the adoption de-
cision either statically or dynamically by incorporating
learning and experience. At a macro-level, diffusion
studies examine how adoption evolves across a pop-
ulation or region. Since the objective is to identify
specific trends in the diffusion cycle over space and
time, diffusion models do not explicitly address the
innovation process. Diffusion studies typically begin
after the innovation is already in use and analyze the
spread of the innovation as a dynamic, aggregative
process over continuous time (Feder and Umali 1993).

A brief history

Although the adoption and diffusion of agricultural
innovations depends on a combination of social, eco-
nomic, and cultural factors, most theoretical and em-
pirical adoption work has tended to be dominated by
separate lines of research by sociologists, econom-



ists, and geographers. Economists historically em-
phasized profitability and investment risks, while soci-
ologists concentrated on the social rewards and nature
of communication channels associated with adoption.
Geographers have studied the spatial differences in
resource endowment and diffusion, and anthropolo-
gists have emphasized compatibility with the norms
of society (Boahene et al. 1999).

Adoption-diffusion first emerged as an important
research agenda in rural sociology in the 1940s and
1950s (Ruttan 1996). According to Rogers (1983),
‘the research tradition that can claim major credit for
initially forming the intellectual paradigm for diffu-
sion research, and that has produced the largest num-
ber of diffusion studies, is rural sociology.” Sociolo-
gists have traditionally conceptualized the adoption-
decision process by examining distinguishing char-
acteristics of adopters and nonadopters and opinion
leaders, farmers’ perceptions of the attributes of the
innovations, rates of adoption and diffusion, and the
channels of communication during the various stages
of the adoption decision process (Marra et al. 2003).

The number of adoption-diffusion studies by rural
sociologists began to decline in the 1950s for U.S.
and European studies, and in the mid-1960s for de-
veloping countries. By the mid 1970s, rural sociology
began to lose its dominance.! Several reasons have
been advanced for this decline including: i. the lack
of attention to theory, ii. over dependence on ‘search
for variables’ approaches to empirical analysis, iii. in-
adequate attention to how independent and dependent
variables are specified, an issue referred to by eco-
nomists as the identification problem, iv. noncritical
use of the epidemic model and the assumed linear
relationship between status and adoption, and v. a
shift in social theory away from modernization and
toward dependency and other class-based perspectives
(Ruttan 1996). Ruttan (1996) concludes that the most
important reason for the decline in sociological adop-
tion research ‘is that sociologists failed to embrace the
more formal analytical methods introduced by geo-
graphers to understand the process of spatial diffusion
or by the economists and technologists to understand
the process of technological innovation, substitution,
and replacement.’

Although agricultural economists’ interest in ad-
option research began in the 1950s with Griliches’
(1957) econometric study of hybrid corn (Zea mays)
adoption, it was not until the 1970s that economists’
work on adoption-diffusion studies began to rapidly
expand. Ruttan (1996) provides three primary explan-
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ations for the increasing importance and dominance
of economics in adoption-diffusion research. First,
both domestic and international development agencies
demand research that provides policy-relevant know-
ledge of the sources and diffusion of technical change.
Second, economists typically remain skeptical of the
sociologists’ argument that technology is the problem
rather than the solution. Finally, the arguments of agri-
cultural economists that broader economic forces cre-
ate many of the incentives to innovate have widespread
appeal.

At least initially, economists drew heavily on the
diffusion work by sociologists, but as the research
evolved, economists embarked on an increasingly dis-
tinct theoretical and methodological path. The result
was that neither sociologists nor economists influ-
enced each other’s research during the 1980s and
1990s (Ruttan 1996). Viewed from a multidisciplinary
prospective, adoption is a multi-dimensional process
dependent on a variety of factors such as perceived
profitability, costs of establishment, compatibility with
value systems, and the ability to communicate new
knowledge and information between and among adop-
ters and potential adopters (Boahene et al. 1999). As
Kenneth Arrow stated:

while (the economists) stress the profitability of
the investment and risks involved, the sociologists
are concerned with the nature of the channel con-
necting adopters of an innovation with potential
followers. .. .(but) there is nothing irreconcilable
in the two viewpoints: in effect, the economists
are studying the demand for information by poten-
tial innovators and sociologists the problems in the
supply of communication channels’ (1969, p.13).
Agroforestry adoption research has followed a
similar historical path, with a 20-year lag. Initial ef-
forts in the study of agroforestry adoption during the
1970s and 1980s tended to be descriptive and pre-
scriptive and lacked formal theoretical development
or rigorous empirical analysis (Raintree 1983; Fuji-
saka 1989; Allen 1990). For example, Swinkels and
Scherr’s (1991) bibliography of 230 studies of agro-
forestry economics lists only eight publications related
to adoption, of which only three were in peer-reviewed
journals, one in a conference proceedings, and four
unpublished. By the early 1990s, agroforestry research
was still primarily concerned with physical and biolo-
gical interactions with little emphasis on economics
or sociology (Swinkels and Scherr 1991; Current et al.
1995; Mercer and Miller 1998). Agroforestry adoption
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research blossomed in the 1990s beginning with the
Current et al. (1995) case studies in Central America
that relied primarily on nonstatistical analyses of pro-
ject data, cost-benefit analyses, informal and formal
surveys of farmers, focus group discussions and inter-
views with project staff. Since then, adoption studies
have expanded considerably.

Adoption-diffusion theory

Technology adoption under uncertainty: general
agricultural applications

The expected utility framework is the most common
approach to modeling technology adoption under un-
certainty (Feder et al. 1985; Feder and Umali 1993;
Marra et al. 2003). Applying the expected utility
framework to technology adoption under uncertainty
was first proposed by Just and Zilberman (1983) to
remedy the lack of a theoretical framework for ex-
plaining the stochastic relationship of production un-
der new and old technologies?. The expected utility
model assumes that adoption decisions are based on
the maximization of expected utility or profit subject
to land, credit, labor and other constraints. Since profit
is a function of the farmer’s choice of crops and tech-
nology in each time period, maximizing profit, or
utility, depends on the farmer’s discrete selection from
a menu of alternatives, including traditional practices.
Among the important results of the theory is that the
correlation of outputs under alternative technologies is
crucial to determining adoption rates. For example, if
correlation between returns to the old and new techno-
logies is high and if risk aversion decreases sufficiently
with increased wealth, adoption of new profitable
technologies may be constrained (Marra et al. 2003).
Most of the other adoption models have exten-
ded the expected utility framework. Portfolio models
view the land allocation decision between new and old
technologies as a decision process in which farmers
maximize the expected utility of income by choos-
ing a specific combination of crops or systems given
their risk aversion levels, the stochastic interactions
between variables, and the impacts of socioeconomic
variables such as wealth, age and education (Feder and
Umali 1993). The ‘safety-first’ models deviate from
the usual assumption of a concave and well-behaved
utility function, and instead assume that the utility of
income is zero below a certain ‘disaster’ level and one
above it (Feder et al. 1985). As a result, safety-first

criteria for making choices between uncertain altern-
atives are concerned only with the risk of failing to
achieve a certain minimum target or to secure pre-
specified safety margins such as subsistence (Bigman
1996).

Learning by doing and farmer experimentation
models, as developed by Foster and Rosenzweig
(1995), show that imperfect knowledge is a barrier
to adoption. Although experience appears to initially
augment the ability to make appropriate decisions
about new technologies, the effect declines rapidly
over time as experience increases. The impact of ex-
perience and experimentation can also have small but
important spillover effects on neighbors. Those with
neighbors experienced in the new technology tend to
be significantly more profitable than those with in-
experienced neighbors. Since the farmer’s and neigh-
bors’ assets, net of the experience effect, have opposite
effects on adoption, incentives exist for farmers to
free-ride on the learning of others. For example, a
farmer with neighbors experimenting with new tech-
nologies like agroforestry may curtail his own exper-
imentation because he can realize higher short-term
profits by using traditional methods and shifting to
the new technology when there is sufficient experience
from his neighbors to make adoption profitable (Foster
and Rosenzwieg 1995).

Choosing one specific model as a basis for em-
pirical analysis of adoption, however, can produce
estimation errors and biased estimators (Feder and
Umali 1993). Perhaps the most comprehensive model
of adoption was developed by Abadi Ghadim and
Pannell (1999) in response to criticisms that most em-
pirical studies of adoption suffer from omitted variable
biases, poor model specification, failure to derive hy-
potheses from a sound theoretical framework, and/or
failure to account for the dynamic learning process
in adoption. The Abadi Ghadim and Panneil (2003)
model depicts adoption as a multistage decision pro-
cess that incorporates information acquisition and
learning by doing by farmers who vary in their risk
preferences and perceptions of the risks associated
with the innovation.

As an alternative to the expected utility theory of
choice, Gladwin (1976) applied hierarchical decision
tree models derived from the work of cognitive an-
thropologists and psychologists to analyze fertilizer
decisions in Mexico. The hierarchical decision tree
approach assumes that choices are made in a de-
composed, piecemeal basis (i.e. one dimension at a
time) in contrast to the assumptions of expected utility



theory in which people are assumed to examine all
alternatives simultaneously, formulate separate sub-
jective probabilities and pick the one with the largest
expected utility (Gladwin et al. 2002a). During the first
stage in the decision tree process, all aliernatives with
certain negative characteristics are immediately elim-
inated. The remaining alternatives are then ordered on
one or more criteria and subjected to a series of dis-
qualifying constraints. The highest ranked alternative
that passes all constraints is chosen. Arrow (1963) re-
ferred to decision tree models as ‘choice function(s)
not built up from orderings.” Although the theory uses
a discrete form of the standard neoclassical maxim-
ization subject to constraints approach, the ranking
process is not connected and not necessarily transitive
(Gladwin et al. 20023a). )

Technology adoption under uncertainiy: agroforestry
applications

Theoretical models of agroforestry adoption, which
began to appear in the literature in the mid-1990s,
have primarily utilized a household production frame-
work to model agroforestry adoption as an investment
choice based on maximization of expected utility, or
profit, subject to labor, capital, and income constraints
- (Amacher et al. 1993; Rafiq et al. 2000; Mercer and
Pattanayak 2003). Amacher et al. (1993) were perhaps
the first to apply household production theory and ex-
pected utility models to the problem of agroforestry
adoption. Assuming decreasing absolute risk aversion,
their model predicts positive impacts of all income
sources (farm, off-farm, and forest based), household
labor, capital, and land endowments, land tenure and
price of tree products for adopting tree planting. In
contrast, prices of nonforest consumption goods re-
duce adoption, while impacts of the variability (i.e.
riskiness) of household production of forest products
could not be determined by the model. Mercer and
Pattanayak (2003) and Pattanayak et al. (2003) use
a similar framework for a meta-analysis of multiple
regression-based adoption studies to demonstrate that
agroforestry adoption is a function of market incent-
ives, biophysical conditions, resource endowments,
risk and uncertainty, and household preferences.
Adding a household specific, safety-first constraint
to the expected utility model allows the household to
evaluate expected returns in terms of a probability dis-
tribution for minimum income, which depends on the
household’s income earning potential (Shively 1997).
Shively uses this model to show that when the safety-
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first constraint is binding, adoption decisions depend
on farm size, non-farm income, farm specific attrib-
utes such as soil quality and slope, the probability of a
consumption shortfall, and, of course, a comparison
of net benefits. Including the safety-first constraint
shows that when adoption is costly, the probability
of falling below the subsistence level for low-income
households is crucial to decision-making.

Shively (2001) uses a dynamic expected utility
model combined with an equation of motion for soil
stocks that includes the probability of a catastrophic
erosion event, to show how consumption risks and in-
vestment costs influence incentives to adopt contour
hedgerows for soil conservation. Although unable to
derive an analytical solution to the problem, Shively
(2001) uses simulation and stochastic dominance to
show that the household’s valuation of soil conserva-
tion methods depends on investment costs, riskiness
of the innovation, and capacity to bear risk. As the
decision to invest in soil conservation depends on farm
size, adoption is especially costly on smali farms due
to the increased short-run risk of consumption short-
fall. Shively concludes that assuming risk-neutrality
may lead to incorrect adoption predictions for low-
income households whenever the risk of consumption
shortfalls are high.

Besley (1995) examines the impact of property
rights on investments in tree planting and other con-
servation methods in Ghana under three perspectives:
security, collateral-based, and gains-from-trade. Bes-
ley’s model maximizes returns to investment, which
depend on the amount of capital invested at time ¢ and
property rights at time ¢ + 1. The security case as-
sumes the probability of land expropriation in period
t + 1 is a decreasing function of tenure security. If
investment costs are independent of tenure security,
the results are analogous to a random tax on land, and
investment increases with increasing tenure security.
In the collateral-based scenario, when land is easier to
collateralize, because individuals have better transfer
rights, banks will charge lower interest rates. Since
farmers equate the marginal retumn to’investing in land
1o the interest rate, investments increase with increas-
ing land tenure. The gains-from-trade model examines
the relationship between land-tenure security, the costs
of selling or renting land, and land conservation in-
vestment incentives. The implications are similar to
those of the other two models: increased land-tenure
security increases investment incentives.

Pannell (2003) utilizes a dynamic profit-function
analysis, which allows the collection, integration and
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evaluation of new information to reduce uncertainty
over time. His model demonstrates that uncertainty
inhibits adoption, assuming farmers are risk averse,
because uncertainty can lead to incorrect predictions
of the expected benefits from adoption. As a result,
farmers may be better off waiting to adopt in some
cases. Pannell (2003) concludes that uncertainty has
received inadequate attention as an impediment to ad-
option of innovative land conservation practices and
that on-farm experimentation is indistinguishable from
adoption because production systems are continually
tested and modified as perceptions and expectations
evolve. i

Hierarchical decision tree models have been ap-
plied to adoption of agroforestry and natural resource
management (NRM) by Swinkels and Franzel (1997),
Gladwin et al. (2002a,b), and Swinkels et al. (2002).
Correctly specified and empirically verified decision-
tree models allow identification of constraints to adop-
tion and detailed examination of the decision-making
process by breaking the process into a series of sub-
decisions which are mapped as branches of a tree
(Franzel et al. 2002). Gladwin et al. (2002a,b) increase
the rigor of decision tree analysis by subjecting hypo-
theses derived from the analysis to tests of statistical
inference using logit and ordered probit analyses. This
is a good example of combining rigorous scientific
hypothesis-testing with participatory approaches to
adoption analysis and how using cognitive decision
models and econometric testing can improve both
approaches.

Diffusion theories: General agricultural
applications

Induced innovation

Although the basic idea behind the theory of ‘in-
duced innovation’ can be traced to Hick’s (1932)
Theory of Wages, Boserup’s (1965) analysis of agri-
culural growth was perhaps the major influence on the
development of induced innovation theory. Boserup
showed that as population densities rise and/or de-
mand for agricultural products increases, the resulting
land pressures induce adoption of technological and
institutional innovations to intensify land use. Basic-
ally, the scarcity of land relative to labor and/or capital
induces investment in additional labor/capital inputs
1o maintain or increase agricultural production. By
the 1970s, induced innovation theory was applied to a

wide range of new agricultural technologies to explain
the impact of population and markets on the diffusion
of innovations in both subsistence and commercial ag-
riculture (Binswanger and Ruttan 1978; Ruttan and
Hayami 1984; Pingali et al. 1987). More recently, in-
duced innovation/ intensification analyses have used
both micro- and macro-level data and incorporated ad-
ditional determinants of technology diffusion such as
environmental conditions, government policies, and
land tenure (Goldman 1993; Humphries 1993; Turner
and Ali 1996; Wiegers et al. 1999).

Epidemic or logistic models

-The epidemic models of diffusion, first introduced in

the 1950s, were based on analogies between the spread
of contagious diseases and technological innovations.
Since contact with other adopters and information
leads to the spread of adoption across a population,
diffusion is determined by the epidemic spread of
information among potential adopters (Sarkar 1998).
Hence, demonstration effects and learning from oth-
ers’ experiences underlie the epidemic model (Feder
and Umali 1993). Epidemic models were first used to
explain patterns discovered in empirical studies, such
as time periods required for adoption within and across
farms, varying diffusion rates, and the tendency for
adoption to follow a logistic (sigmoid or S-shaped)
time path beginning slowly initially, then speeding
up, and finally tapering off. Epidemic models as-
sume that adoption rates are a function of the product
of the portion of the population already ‘infected’
with the new technology and the size of the ‘unin-
fected” population (Sarkar 1998). Epidemic models
have been criticized for their weak theoretical found-
ations, restrictive assumptions, and failing to establish
theoretical links between decision-theoretic models
of individual farmer behavior and the diffusion of
innovations (Sarkar 1998).

Decision-theoretic models

In response to criticisms of the epidemic models re-
searchers began to develop models that explain why
adoption by different individuals varies over time, why
individual households take time to switch between
old and new technologies, and how diffusion patterns
impact economic growth and employment (Sarkar
1998). Economists have developed decision-theoretic
approaches along two lines: neo-classical equilib-
rium (NE) and evolutionary disequilibrium (ED) ap-
proaches.



Following dynamic neoclassical analysis, NE
models assume that the diffusion process can be
modeled as a sequence of shifting static equilibria
among infinitely rational decision makers. NE ap-
proaches can be subdivided into the probit models,
which assume that the temporal variation in adop-
tion is due to heterogeneity among potential adopters,
and the game-theoretic models in which strategic in-
teractions among households rather than differences
in household characteristics determine the diffusion
path. All NE models, however, assume that adopters
are infinitely rational and can evaluate and determine
optimal strategies before any diffusion actually takes
place (Sarkar 1998). The most important contributions
of the NE models include demonstrating the import-
ance of heterogeneity between adopters, interactions
in the supply and demand for innovations and adoption
rates, strategic interactions among adopters, and the
importance of market structure.

Evolutionary disequilibrium (ED) models were de-
veloped in response to criticisms of the NE models’
assumptions of perfect information, infinite ration-
ality and that diffusion is a continuous equilibrium
process. The fundamental features of evolutionary
disequilibrium models are that i. adopters’ rational-
ity is bounded, ii. profit maximization may not be
the only basis for adoption, and {ii. diffusion is dis-
equilibriating and endogenously driven and may not
necessarily be continuous (Sarkar 1998). The spread
of new technologies over time is determined by the
competitive advantages of alternatives, behavioral at-
tributes of farmers, and the economic and institutional
environment.

In contrast to the NE models, the competitive se-
lection process in ED models assumes that at least
some households may not be able to calculate the re-
lative advantages of alternative technologies due to
information or cognitive limitations. Initial choices
between alternatives are random and the diffusion
process endogenously reveals the relative superior-
ity of the alternatives. This view is rooted in path-
dependency theory in which final outcomes are de-
pendent on the sequence of prior states that derive
from randomness. Hence the process is not necessarily
optimal, incremental or cumulative. Decision-making
differs between individuals due to differences in mo-
tivation, perceptions of possibilities, search behavior,
enthusiasm for experimentation, and inferences from
observations. Sarkar (1998) provides details on the
diverse array of ED models that have evolved recently.
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Spatial diffusion models

The role of infrastructure and supply in the diffu-
sion process are the main contributions of the spatial
diffusion models developed by social geographers to
describe the aggregate spread of technological innov-
ations (Marra et al. 2003). These models are based on
the assumption that farmers are passive participants in
the adoption process. Two major strands of research
emphasize impacts of neighbors (the neighborhood ef-
fect) and the role of technology suppliers and innovat-
ors. As such, they have been primarily concerned with
the spread of knowledge about the innovation rather
than the rate of adoption. Since these models typic-
ally ignore the influence of adopters on non-adopters,
information. from extension agents, or the impacts of
farmer experience and experimentation, some believe
they have contributed little to understanding the adop-
tion decision process (Marra et al. 2003). As Marra
et al. (2003) state, spatial and temporal models ‘have
ignored the central determinant of the rate and pattern
of adoption which is the decision process involved in
moving from a state of awareness to actual adoption.’

Diffusion theories: agroforestry applications

Scant theoretical work examined the diffusion of agro-
forestry innovations prior to the 1990s. For example,
Scherr (1992) stated that ‘No comparable theoretical
framework (t0 induced innovation) yet guides agro-
forestry policy’ (italics added). Raintree and Warner
(1986) were perhaps the first to apply induced innova-
tion theory to agroforestry. They examined the poten-
tial pathways for intensification of shifting cultivation,
emphasizing the adoption of improved fallows at vari-
ous stages of intensification. When land is plentiful
(the extensive stage) adoption potential for improved
fallows is low because: i. investments are not seen
as necessary for current or future soil fertility prob-
lems; ii. applying additional labor to fallows is not
efficient since returns to labor are relatively low; and.
iii. planted fallows may not be culturally acceptable.
During the intermediate phase of intensification, soil
fertility and fallow yields begin to decline and ad-
option of improved fallows may increase. However,
when land pressures become acute during the final
stages of intensification, Raintree and Warner (1986)
predict that adoption of improved fallows will be rare
due to decreasing farm size, abandonment of shifting
cultivation for continuous cultivation, and reduction
in available land for fallowing. Franzel (1999) shows
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how the recent widespread adoption of improved fal-
lows in densely populated areas of Western Kenya
requires modifying the Raintree and Warner interpret-
ation of induced innovation theory because of access
to off-farm income, bi-modal rainfall, and the use of
single season fallows.

Scherr (1992) described some common patterns of
agroforestry intensification. She suggested that four
types of long-term pressures induce farmers to in-
tensify tree growing: i. declining access to forests and
increasing scarcity of wood products; ii. increasing
demand for tree products due to population growth,
new tree uses or products, and new markets for tree
products; iii. increasing population density and declin-
ing farm size; and iv. declining land quality. She called
for conceptual models of agroforestry intensification
under alternative land use conditions, the develop-
ment of which requires historical and comparative
analyses of on-farm tree management under varying
agroecological, socioeconomic, and policy conditions.

Applying induced innovation theory to agro-
forestry, Scherr hypothesized that “historical increases
in tree domestication and management intensity are
a response to declining supplies of uncultivated tree
resources, increased subsistence and commercial de-
mand for tree products and perceived risks of eco-
logical degradation... [and that] adoption of agro-
forestry interventions is most likely where consistent
with underlying economic incentives for land use
change’ (1995, p. 788). However, she acknowledged
that scarcity alone is insufficient to explain agro-
forestry diffusion as tree product scarcity may induce
substitutions, increased trade, or reduced consump-
tion.

Scherr (2000) applied induced innovation theory to
analyze the linkages between poverty, agricultural pro-
duction, environmental degradation, and adoption of
resource conserving technologies such as agroforestry.
Her model assumed that pressures from population
growth, markets, new technology and other exogenous
factors induced changes in local markets, prices and
institutions. Community characteristics such as infra-
structure, asset distribution, human and natural capital,
market linkages and local knowledge and experience
determine the local impacts, which induce a variety
of household and community agricultural and natural
resource management strategies. These strategies may
include changes in land use investments and intensity,

“input and output mix, conservation practices and col-
lective action. The responses may be path-dependent
since they are conditioned by community characterist-

ics and land use history. Hence, they may influence
the environment, agricultural and tree production, and
human welfare, which in turn feed back on local con-
ditions, institutions and natural resource management
decisions. The impact of policies and programs that
promote agroforestry systems to reduce poverty and
promote sustainable land use depends on the dynam-
ics of local change and the relative importance of key
factors influencing the poverty-environment relation-
ship. After reviewing a variety of empirical studies,
Scherr (2000) concluded that the key factors for in-
creasing farmers’ livelihood security while improving
or conserving the local resource base were: i. local en-
dowments, ii resource-conserving technologies (con-
ditions for adopting conservation technology), and iii.
local institutions supporting the poor.

Glendinning et al. (2001) applied Rogers’ (1983)
and Rogers and Shoemaker’s (1971} sociological the-
ories of innovation-diffusion to examine the relation-
ship between social forestry extension approaches and
farmer participation in farm forestry projects in east-
ern India. Assuming the adoption decision is primar-
ily an ‘information-seeking-and-processing activity’
1o reduce the uncertainty of the returns to adoption,
Glendinning et al. (2001) concluded that the most
important factor influencing adoption decisions was
access to information.

Otsuka et al. (2001) developed a dynamic model of
land use to derive the optimal timing of tree planting
under different tenure rules. They assumed that house-
holds maximized the risk-adjusted, net expected value
of land use constrained by the probability that the
farmer retains rights to returns from the land. The ad-
option probability was a function of the time period of
production and the land tenure institution. The model
predicted two major results. First, shifting cultivation
land use and declining land tenure security promoted
early tree planting. Second, more secure land tenure
would develop in response to increasing land scarcity
relative to labor so that the landowner might reap the
benefits from investing in land improvement techno-
logies like agroforestry. By increasing the value of
cleared land and decreasing the profitability of early
tree planting, however, land policies that attempt to
increase land rights for cleared forest are likely to be
counter-productive for agroforestry adoption.



Empirical adoption studies

General agricultural studies

Feder et al. (1985) and Feder and Umali (1993) re-
viewed the extensive literature on adoption and dif-
fusion of agricultural innovations. Focusing primarily
on the initial stages of Green Revolution technology
adoption and diffusion, Feder et al. (1985) concluded
that farm size, risk and uncertainty, human capital,
labor availability, credit constraints, and tenure were
the most important factors determining adoption de-
cisions. However, the impact of farm size depends on
the characteristics of the technology and institutional
setting and is often a surrogate for a large number of
other factors such as access to credit, risk bearing ca-
pacity, wealth, and access to information. Since these
factors differ spatially and temporally, the relationship
between farm size and adoption also varies. In 1985,
Feder et al. found that the empirical work on the role of
subjective risk was not rigorous enough to draw con-
clusions concerning its impact on adoption, and this
remains the case (Marra et al. 2003; Pannell 2003).
Human capital received a good deal of attention in
the early adoption literature, most of which suggests
that farmers with better education are earlier and more

efficient adopters. The direction of the effect of labor .

availability depends on whether the innovation is rel-
atively labor saving or using. Concerning land tenure,
Feder et al. (1985) found that empirical results often
differed on the relation between land tenure and adop-
tion and were ‘in accordance with the unsettled debate
in the theoretical literature over the relation between
tenancy and adoption.’

Feder and Umali (1993) updated the Feder et al.
(1985) survey emphasizing later stages of adoption-
diffusion. As the adoption-diffusion process proceeds,
many of the factors that Feder et al. (1985) cited as
important for early adoption including farm size, ten-
ure, education, extension, and credit are no longer
significant. For example, in later stages of the diffu-
sion process infrastructure variables such as popula-
tion density; access to markets, roads, and fertilizers;
and irrigation availability are more important determ-
inants of diffusion rates of high yielding varieties
of rice. However, the agroclimate appears to be the
most significant determinant of locational differences
in adoption rates (Feder and Umali 1993).

Feder and Umali (1993) also examined the liter-
ature on early adoption of soil conservation technolo-
gies, which included many agroforestry practices such
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as contour hedgerows. They concluded that younger,
more educated, wealthier farmers who recognized
erosion problems were more likely to adopt soil con-
servation technologies. As Feder et al. ( 1985) found
for Green Revolution technologies, the impact of ten-
ure on soil conservation investments varied among
the empirical studies reviewed and requires more re-
search.

Agroforestry studies

As in the more general adoption-diffusion literature
since the 1970s, economists have dominated agro-
foresry adoption research (Mercer and Miller 1998).
This work has two separate and distinct lines. Ex-ante
studies of agroforestry adoption based on a ‘farm-
ing systems’ approach have emphasized the adop-
tion potential of various agroforestry systems based
on researcher-led and participatory on-farm research
methods (Byerlee and Collinson 1980; Chambers et al.
1989; Scherr 1991a, 1991b). The goal is to define
the ‘boundary conditions’ for adopting a particular
system or practice based on the biophysical and so-
cioeconomic circumstances that allow the innovation
to be ‘profitable, feasible and acceptable’ to farmers
(Franzel and Scherr 2002). Ex-post studies of agro-
forestry have focused primarily on explaining how
characteristics of farmers, farms, projects, and other
demographic and socio-economic variables are correl-
ated with past adoption behavior. The empirical work
has been based primarily on binary choice regres-
sion models estimated from cross-sectional household
survey data. Many studies, however, have failed to
link the empirical analysis to underlying theory and
typically have not examined the full range of poten-
tial factors that may influence agroforestry adoption
(Pattanayak et al. 2003).

Ex-ante studies

Ex-ante studies rely primarily on social and financial
analyses of on-farm trials of agroforestry innovations
to assess the adoption potential of and to improve the
effectiveness and efficiency of developing, modifying
and disseminating new agroforestry practices (Fran-
zel and Scherr 2002). Typically, these studies provide
information and data on financial and nonfinancial
benefits, what works where and why, differential adop-
tion behavior, intra-household distribution of benefits,
and how and why farmers are using and modifying the
technologies.
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Donor agencies need this type of information and
analysis 1o determine how/if the innovations contrib-
ute to household welfare and economic development
as a basis for research and development ailocation
decisions. Researchers developing improved systems
need this information to insure that their experimental
systems are appropriate for farmers’ needs, abilities,
and circumstances. Finally, this type of information is
invaluable to farmers as they attempt to make informed
adoption decisions on agroforestry systems that typ-
ically require considerable resources, skills, and time
to implement and manage (Franzel and Scherr 2002).
Nevertheless, systematic ex-ante assessments of ex-
perimental systems during the early phases of adop-
tion are rare, partly because some scientists believe
they are too ‘soft’” or too ‘subjective’ to qualify as rig-
orous analyses (Franzel and Scherr 2002). The most
important and major works in this area are the Current
et al. (1995) collection of eight ex-ante evaluations
of 21 agroforestry projects in Central America (Costa
Rica, El Salvador, Guatemala, Honduras, Nicaraugua,
and Panama) and the Caribbean (Dominican Republic
and Haiti) and Franzel and Scherr’s (2002) volume of
five studies in Zambia and Kenya.

Franzel et al. (2002) develop a framework for as-
sessing adoption potential. The basic approach uses
a variety of participatory appraisals and surveys to
identify farmers’ problems and needs which are then
used by researchers and farmers to develop and design
systems for on-farm experimentation. The results of
the trials and associated analyses are then used to
evaluate the potential for widespread adoption of the
systems. For further details on methods for ex-ante
analysis see Current et al. (1995), Barrett et al. (2002),
and Franzel and Scherr (2002).

In the first large-scale study of farm level profit-
ability of agroforestry, the majority of the 56 agro-
forestry technologies in the Current et al. (1995)
volume were labeled as potentially profitable, based
on positive Net Present Values and assuming a 20%
discount rate. In addition to the expected financial re-
turns, the relation between the new technology and the
total farm enterprise and the existing capital, labor,
and land constraints were crucial to the adoptabil-
ity of the systems. Local scarcities as reflected in
the price of wood products appeared to be the key
factor to profitability and adoption in Central America
and the Caribbean. Negative NPVs were associated
with poor yields on the annual crop component and/or
low output prices. Based on these studies, Current
et al. (1995) concluded that including trees in agricul-

tural systems reduces sensitivity to annual crop yield
and price variability and thereby improves overall
profitability.

Likewise, in the five sub-Sahara African case stud-
jes in Franzel and Scherr (2002), agroforestry is
shown to have potential to increase farm incomes and
solve difficult environmental problems. In addition to
the products and services provided, African farmers
in Kenya and Zambia value the experimental agro-
forestry systems for their risk reducing impacts. These
studies also confirm the impact of wealth on adoption
with better-off families more likely to adopt improved
fallows. However, Franzel and Scherr note the absence
of absolute barriers to adoption by poor households,
since about 20% of the poorest farmers in Zambia
planted improved fallows during the first four years of
on-farm experimentation. )

Vosti et al. (1998) examine the adoption po-
tential and related policy issues for adoption of
five ‘simple’ agroforestry systems including cacao
and/or coffee combined with bandarra and rubber
and cupuagulfreijo/black pepper combinations, in the
western Brazilian Amazon. They found that high in-
vestnent requirements, negative cash flows in early
years, and uncertain local or international demand re-
duce adoption potential by small holders. Vosti et al.
(1998) conclude that evaluating agroforestry adop-
tion potential requires a thorough understanding of the
physical and financial returns to all factors of produc-
tion for all phases of the production process including
establishment, maintenance, harvest, processing, and
marketing/distribution of products. Although profit-
ability of intermediate and final products sold off
farm is crucial, other important factors in determining
adoption potential are:

i. Scale of production: profitability and returns to
factors of production change with scale of production
(especially for crop mixes).

ii. Timing/Size of Investment: costs of under-investing
or delaying investment can be quite high for agro-
forestry compared to annual cropping or pasturing.

iii. Maintenance Costs: can be high (especially labor)
for agroforestry and may not vary with amount of
product extracted.

iv. Costs of Abandonment: can be quite high, even
higher than clearing primary forest.

v. Competing Supply Sources: market competition is
key to long-range sustainability of agroforestry.

vi. Sources of Risk: markets, land tenure, weather, etc.



Ex-post studies

Pattanayak et al. (2003) reviewed 120 articles on
adoption of agricultural and forestry technology by
small holders and concluded that the following five
categories of factors explain technology adoption:
preferences, resource endowments, market incentives,
biophysical factors, and risk and uncertainty. They
then used this framework to perform a simple meta-
analysis of 32 empirical, regression-based analyses of
agroforestry and related soil conservation investments.
Although household preferences and resource endow-
ments were the most common variables included in
the analyses, the most significant influences on agro-
forestry adoption behavior appeared to be uncertainty
and risk, biophysical conditions, market incentives,
and resource endowment factors. For example, when
included in the analyses, risk and uncertainty variables
were significant 71% of the time, market incentives
78%, biophysical factors 64%, and resource endow-
ments 60%o. In contrast, household preference proxies
were significant only 41% of the time (Pattanayak
et al. 2003). Likewise in a comparison of tree planting
between Brazil and Panama, Simmons et al. (2002)
found that institutional variables were more important
than household preference variables. The Pattanayak
et al. (2003) framework and an expanded list of agro-
forestry adoption studies are used to take a closer
look at the results of the ex-post empirical analyses
of agroforestry adoption.

Risk and uncertainty ~ Although risk and uncertainty
has long been recognized as important in reducing ad-
option of a variety of agricultural innovations (Feder
and Umali 1993; Smale and Heisey 1993), relatively
little empirical research has directly addressed the is-
sue (Abadi Ghadim and Pannell 2003; Pannell 2003).
As Marra et al. (2003) point out, ‘the issue of risk
in adoption has rarely been addressed adequately, and
strong empirical evidence to test the common view of
its importance and impact has been rare and scattered.’
For sustainable agricultural and land conservation sys-
terns like agroforestry, risk and uncertainty appear (o
be even more important to adoption decisions (Pannell
2003). Empirical evidence for the influence of risk and
uncertainty on adoption is scarce because few studies
include risk and uncertainty as explanatory variables,
and the few that do have typically used crude prox-
ies for farmers’ risk perceptions and attitudes. Abadi
Ghadim and Pannell (2003) suggest this omission has
led to poor model specification.
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In agroforestry adoption studies, risk has been
proxied primarily through four types of variables:
tenure, experience, extension and training, and mem-
bership in cooperatives and community organizations
(Pattanayak et al. 2003). Tenure, experience and ex-
tension and training are far more likely than mem-
bership in organizations to be significant predictors of
adoption of agroforestry, with tenure being significant
64%-72%, experience 90%, and extension 100% of
the time when included as independent variables. Ex-
tension and training were included as risk proxies in
27% of studies analyzed by Pattanayak et al. (2003)
and were always significant and positive. Although
experience and extension are obviously important cri-
teria for adoption, few studies have focused directly on
them.

In 37 empirical studies of agroforestry adoption,
(32 in Pattanayak et al 2003), more secure land ten-
ure always had a positive impact on adoption when
significant. In a few cases tenure was an insignific-
ant predictor of adoption (Ayuk 1997; Pattanayak and
Mercer 1998; Lapar and Pandey 1999; Adesina et al.
2000), but no studies exhibiting a negative relation
between tenure and agroforestry adoption were found.
Likewise, Simmons et al. (2002) found tree planting
in the Brazilian Amazon to be 15.4 times more likely
under secure land tenure, and Wiersum’s (1994) study
of contour hedgerow adoption in east Indonesia found
that the landless comprised 31% of the population but
only 11% of participants in leucaena based farming
systems. This is in stark contrast with the conflict-
ing empirical results that Feder et al. (1985) found
for annual cropping. The longer term nature of agro-
forestry investments appears to inhibit adoption by
farmers lacking secure tenure who might otherwise ad-
opt risky innovations for short-term production goals.
Thus, risk and uncertainty may be more important for
agroforestry than for annual cropping decisions.

Using logistic regression analysis of household
survey data in Sumatra, Otsuka et al. (2001) ex-
amined factors involved in the evolution of customary
land tenure institutions and their impact on tree plant-
ing and agroforestry development. Higher population
densities promoted individuation of land ownership
through the pressures to convert primary forest and
bush fallows to commercial tree plots, often using
agroforestry systems. Both clearing forests and plant-
ing trees enhanced individual tenure rights, but ten-
ure security acquired by clearing communal forests
decreased over time when food crops were grown
under shifting cultivation systems. Even though pur-
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chased bush fallow lands had the most secure tenure
rights, tree planting rates were lower than for lands
acquired by clearing primary forests because plant-
ing trees on cleared lands enhances tenure security
on cleared primary forests but not on purchased bush-
fallow lands. Otsuka et al. concluded that under these
tenure institutions, policies promoting agroforestry
may not only induce tree planting but also increase
transformation of primary forests.

Only a few studies have concentrated explicitly
on the impacts of various risks and uncertainties on
agroforestry adoption. In a series of papers, Shively
(1997, 1999a, 1999b, 2001) examined the impacts of
yield, prices, and consumption risks on agroforestry
adoption in the Philippines. Shively (1997) used a
probit model to examine the roles of farm assets
and relative consumption risk to explain patterns of
contour hedgerows at the farm and plot level in the
Philippines. A two-moment analysis elicited subject-
ive yield distributions by asking farmers to guess the
most likely, lowest, and highest harvest with and
without hedgerows and calculating subjective means
and variances of the estimated probability density
function. Both mean and variance of farmers’ estim-
ates were larger for hedgerows, with the difference
between true and subjective mean/variance estimates
being higher/lower for adopters than non-adopters.
Larger farm size, greater tenure security and higher
labor availability were correlated with higher adoption
probabilities. Shively posits that farm size may be a
proxy for lower consumption risk exposure since lar-
ger farms have more productive capacity and greater
liquidity. As adoption related consumption risk (the
opportunity cost of adoption on a plot) increased, the
probability of adoption dropped.

Combining stochastic efficiency analysis with a
heteroskedastic regression model, Shively (1999a)
found that hedgerow adoption was correlated with
increased com yields. Although hedgerows initially
reduced effective and observed yields, over time
hedgerows were positively correlated with yields and
appeared to dampen or reverse the rate of yield reduc-
tion on farmers’ fields®. Hedgerow intensities between
5%-10% of plot area were required to achieve yield
increases. Although not as strong an effect, contour
hedgerows were found to reduce corn yield variance
by as much as 4% depending on the intensity of ad-
option. Using stochastic efficiency analysis, Shively
found that hedgerows would be preferred by a risk-
averse farmer only when the range for the coefficient

of relative risk aversion (based on mean income) was
rather high (3-5.5)%.

Shively (2001) used the same Philippines data to
perform a dynamic simulation to demonstrate how the
probability of adoption of hedgerows for soil con-
servation depends on the opportunity costs of adop-
tion and the household’s ability to self-insure against
Jow consumption. Break-even discount rates for risk-
averse farmers depended on risk preferences, the op-
portunity costs of investment, and household exposure
to consumption risk conditioned by farm size. Soil
conservation was found to be a form of consumption
insurance against declining yields and low-probability
catastrophic soil erosion events. The pattern of under-
investment in soil conservation on small farms implied
that basing adoption predictions on risk-neutrality may
be misleading when risk of food-insecurity is high.
Shively found that small farmers’ reluctance to ad-
opt soil conservation measures was ameliorated by
access to credit. By minimizing the impact of in-
vestment costs and consumption requirements, ac-
cess to credit facilitated investments in risk-reducing
and resource-conserving activities with relatively long
payback periods, like contour hedgerows.

Household preferences Assuming that farm house-
holds are heterogeneous, farmers exhibit differing
adoption patterns depending on their attitudes and
preferences for a number of factors such as risk tol-
erance, conservation priorities, and intra-household
homogeneity (Mercer and Pattanayak 2003). Since
preferences are extremely difficult to measure directly,
a variety of proxy variables are usually used to exam-
ine the impact of preferences on adoption. Education,
age, gender, and socio-cultural status are the most fre-
quently used proxies for household preferences and
were included in almost half of the studies examined
by Pattanayak et al. (2003). When included they were
significant 40% of the time. Although only included
in 36% of studies, gender is the most likely proxy
for household preferences to be significant (in 63% of
included studies). While education and age are more
commonly included in the studies (77% and 64% of
studies) they are much less likely to be significant
(24% of the time for education and 29% of the time
for age). Age, when significant was always positive,
while education when significant was positive 75% of
the time, and males were always more likely to ad-
opt than females (Pattanayak et al. 2003). The lack of
significance of education may be due to low variabil-
ity in education variables among low-income farmers



and correlations between education and other vari-
ables such age and wealth. The education of the head
of the household may also be irrelevant if the head
utilizes the knowledge of other more educated house-
hold members. Finally, since educational levels may
affect livelihood choices of rural households, samples
of only farmers may bias many preference variables
like education due to self-selection bias (Barrett et al.
2002).

Several studies have taken a closer look at gender
differences in adoption of agroforestry innovations.
In a study of tree planting in Kenya, Scherr (1995)
found significant gender differences, with male-
headed households planting 50% more trees more
intensely (more trees per hectare) than women. Men
also tended to plant trees on crop land while wo-
men planted trees primarily for fuel wood. Using logit
and ordered probit analyses, Gladwin et al. (2002a)
found that women in female- headed households in
Eastern Zambia were significantly more likely to ad-
opt improved fallows than either women or men in
male headed households. Adoption rates of improved
fallows were almost equal for female headed (47%)
and male headed (52%) households in Eastern Zambia
(Gladwin et al. 2002a). Place et al. (2002) analyzed the
relationship between wealth and gender in adoption of
improved fallows in Kenya and Zambia and found that
wealthier male headed households were more likely
to adopt increased fertilizer and manure applications,
while improved fallows, as the Gladwin studies found,
were relatively wealth and gender neutral.

Resource endowments The assets and resources
available to farmers for investing in new technologies
such as labor, land, livestock, savings and credit are
critical to adoption decisions. Both the theoretical and
empirical literature tell us that early adopters tend to
be the better-off households who are better situated
1o take advantage of new innovations with uncertain
prospects. These households are more likely to have
the necessary ‘risk capital’ such as larger incomes and
more labor or land to facilitate risky investment in
unproven technologies (Hyde et al. 2000; Patel et al.,
1995; Scherr 1995). Resource endowments were Sig-
nificant in 60% of the studies in which it was included
as an independent variable, with income being signi-
ficant 50% of the time, assets 100%, labor 33%, and
credit (although in only 5% of all studies) 100% of
the time (Pattanayak et al. 2003). With the exception
of income, depending on the relative importance of
farm and off-farm income, and plot size (50% pos-
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itive and 28% negatively correlated with adoption),
resource endowments were unambiguously and con-
sistently positive influences on adoption, i.e. better-off
farmers are more likely to adopt (Pattanayak et al.
2003).

Market incentives Agricultural and tree-product
prices are well known influences on land-use decisions
(Godoy 1992; Hyde and Amacher 2000; Shively
1999b). Unfortunately, market incentives such as in-
put and output prices, market availability, expected
income changes, and transportation costs have rarely
been included in agroforestry adoption studies (only
33% of studies) (Pattanayak et al. 2003). Market in-
centives perform well, however, being significant 55%
of the time with overwhelmingly positive influences
on adoption (Pattanayak et al. 2003).

Using farm-level data and wholesale agricultural
price data, Shively (1999b) investigated how changes
in the level and variability of market prices affect
farmers’ decisions to plant mango trees. A 1% in-
crease in price volatility of rice and comn produced
an equal increase in mango tree planting intensity in
the Philippines. Tree planting was positively correl-
ated with mango prices and negatively correlated with
competing crop prices. However, the price of rice, a
subsistence food crop, was more strongly correlated
with tree planting than the price of the cash crop, corn.
This suggests that the economic tradeoff between food
and tree crops was more important than the tradeoff
between two cash crops. Although it is not surprising
that farmers are price sensitive, the fact that short-run
price changes affect low-income farmers’ decisions
to plant mango trees suggests the need for further
research on the impacts of short-run prices on tree
planting behavior.

Biophysical factors Biophysical factors such as
slope, soil quality, irrigation and others have rarely
been included in agroforestry adoption studies. Pat-
tanayak et al’s (2003) meta-analysis found bio-
physical factors included in only 27% of agroforestry
adoption studies. Nevertheless, they appear to be im-
portant predictors of adoption, being significant in
64% of studies when included. The direction of signi-
ficance of many biophysical factors was inconsistent.
Poorer quality soils were usually positively correlated
with adoption; however, at some point soil quality can
be s0 poor as to render investments pointless. In con-
trast, slope variables were positive in all but one previ-
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ous study with steeper slopes providing incentives for
farmers to adopt (Pattanayak et al. 2003).

Methodological issues The majority of agroforestry
adoption studies have relied on logit or probit models
to analyze dichotomous adoption decisions in which
the dependent variable is binary (1 if adopts, O other-
wise). The probit model is used when the error term
is assumed to follow a normal distribution and the lo-
git when a logistic cumulative distribution is assumed.
Only in rare cases, such as when there are very few
positive or negative responses, do the two models
produce different results, and scant theoretical justi-
fication exists for choosing one model over the other
(Greene 1997). Alavalapati et al. (1995), Sunderlin
(1997), Thacher et al. (1997), Adesina et al. (2000),
Salem et al. (2000), Otsuka et al. (2001), Owubah
et al. (2001), Adesina and Chianu (2002), Mercer et al.
(in press), and provide examples of the logit model,
while applications of the probit model can be found in
Shively (1997, 1999a, 2001), Pattanayak and Mercer
(1998), and Lapar and Pandey (1999).

When analyzing the simultaneous decision of
whether or not to adopt and the extent or intensity
of use of the new technology, alternative specifica-
tions are required. Typically either the tobit (censored
regression model) ordered multinomial logit, or two-
stage Heckman models have been used in these situ-
ations. Unfortunately, these approaches are quite rare
in the agroforestry adoption literature, as only a hand-
ful of studies have examined both the probability and
extent of adoption.

The tobit model is used when the same independ-
ent variables influence both the probability and size
of the dependent variable. The ordered tobit accounts
for the dependent variable being truncated at either the
upper or lower limits of its ranges by assuming the
error term follows a truncated normal distribution. A
major benefit of the tobit model is that it allows for
elasticities measured at the means to be decomposed
into an elasticity of adoption and the elasticity of effort
when adoption occurs. Rajasekharan and Veerapu-
thran (2002) use a tobit model to analyze the extent
of adoption, in terms of share of intercropped area in
rubber plantations in Kerala, India. The ordered mul-
tinomial logit is used when the dependent variable is
categorical, hierarchical and censored and when the
same variables are assumed to influence both adop-
tion and extent of adoption. Patel et al. (1995) apply
the ordered multinomial logit model to analyzing tree
planting on small farms in East Africa.

When different explanatory variables are assumed
to affect the decision to adopt and the extent or in-
tensity of adoption, a two-stage Heckman model is
more appropriate. Generally the first stage consists of
either a logit or probit analysis of the probability of
adoption followed by an ordinary least squares (OLS)
regression of the extent of adoption incorporating the
sample selection control function (the inverse Mills
ratio) from the first equation (Greene 1997). Cav-
iglia and Kahn (2001) apply the Heckman model to
analyze adoption of sustainable agriculture, including
agroforestry systems, in Brazil.

Finally, several agroforestry adoption studies
have made the common mistake of treating cat-
egorical independent variables as continuous. This
is equivalent to assuming that the intercept shift
is the same for each category of the independ-
ent variable in question. The regression would be
y = By + B2x2 + 8q + € where x is a continuous vari-
able and q is a categorical variable with three or
more categories and B and & the respective estim-
ated coefficients. The underlying model, however,
is y =B + B2x2 + 3 +¢ for the first category and
y = B1 + B2x2 + 28 + ¢ for the second category, etc.
This is a testable restriction on the correct for-
mulation (y = B; + B2xa + 8; Dy + 8D +83D3 + ¢
where the D’s represent dummy variables derived
from the categorical variables) but it is unlikely to be
appropriate (Greene 1997).

Conclusions

Although research on the adoption and diffusion of
agricultural innovations has a long and rich history
dating back to the 1950s, interest in understanding
the process with the more complex agroforestry sys-
tems is relatively new, beginning in the early 1990s. A
substantial literature on agroforestry adoption, how-
ever, has been developing over the past 10 years.
While the majority of the work has emphasized ex-post
econometric analysis of factors determining adoption
behavior, substantial effort has also been made to un-
derstand the potential adoptability of systems ex-ante.
These complementary efforts are critical to the suc-
cess of agroforestry as an economically, socially, and
environmentally sustainable land use system. Ex-ante
studies of the profitability, feasibility and acceptability
of experimental agroforestry systems are essential for
researchers in helping design appropriate systems, for
development agencies in determining how and where



to allocate scarce program funds, and for farmers as
they experiment and test new systems as part of the
adoption process. Ex-post studies are equally import-
ant for predicting which segments of society will adopt
at various times in the adoption cycle, for estimating
the welfare and equity impacts of agroforestry pro-
jects, and for designing effective policies to encourage
adoption by target populations.

As in traditional agricultural adoption, the ma-
jor influences on adoption concern household pref-
erences, resource endowments, market incentives,
biophysical factors, and risk and uncertainty. Also
similarly to adoption of agricultural production innov-
ations, agroforestry adoption follows the predictions
of economic theory. Farmers will invest in agro-
forestry when the expected gains from the new system
are higher than the alternatives for the use of their
land, labor and capital. Early adopters will tend to be
those relatively better-off households who have more
risk capital available in terms of higher incomes or
more resource endowments (land, labor, capital, ex-
perience, education) to allow investments in uncertain
and unproven technologies.

However, agroforestry adoption also differs from
traditional agriculture, especially with regard to the
role of risk and uncertainty. For example, although
security of tenure has ambiguous impacts on adop-
tion of annual cropping innovations, the review of
ex-post agroforestry adoption studies found that tenure
security has an unambiguous and positive impact on
agroforestry adoption. This is likely due to the longer
time periods required to begin to reap the benefits
from agroforestry investments. It also highlights the
relatively larger importance of risk and uncertainty in
agroforestry adoption decisions compared to annual
cropping innovations. Nevertheless, risk and uncer-
tainty remain one of the most under studied aspects
of adoption behavior. In only a few instances has risk
been directly evaluated in agroforestry adoption stud-
ies. Typically, we just throw in a few risk proxies such
as tenure, experience and extension, and conclude that
risk is important. To remedy this situation, studies
are required that directly measure risk preferences and
perceptions and relate them to the adoption decision
process. In particular, we need to understand farmers’
perceptions of the impacts of the innovation on risk
of production or consumption shortfalls; farmers’ un-
certainty about the innovation; and farmers’ attitudes
toward risk and uncertainty. This requires incorpor-
ating elicitation of risk preferences and subjective
probabilities of the riskiness of alternative technolo-

325

gies into data collection efforts. Norris and Kramer
(1990) provide a thorough review of approaches for
eliciting subjective probabilities from farmers.
Furthermore, the ex-ante adoption literature sug-
gests that in response to high perceived risks associ-
ated with new agroforestry systems, households tend
to invest only incrementally in new agroforestry tech-
nologies and that substantial experimentation, testing,
and modification occur before agroforestry innova-
tions begin to diffuse through a community or region.
The ability to adapt agroforestry practices over time to
emphasize production of different goods and services
depending on individual household circumstances and
external forces such as markets, policies and weather,
appears to be one of the risk-limiting advantages of
some agroforestry systems and may be an important
factor in differential adoption rates. Understanding
this process and incorporating it into the development
of dynamic agroforestry adoption models and analyses
is essential to understanding the complex patterns of
adoption. Other areas that require more research in-
clude factors influencing the variability in adoption
intensities, the role of adoption of agroforestry prac-
tices as complements or substitutes for other farm
operations, moving beyond household level analysis
to village level and spatial analyses of adoption (e.g.
Kristjanson et al. 2002), the impact of diseases like
malaria and AIDS on adoption (e.g. Amacher et al. in
press) and more emphasis in general on the cross dis-
ciplinary approaches being championed by the emer-
ging natural resource management adoption literature
(Barrett et al. 2002, Franzel and Scherr 2002).
Perhaps the largest deficit in agroforestry adoption
research, however, concerns the temporal path of ad-
option. Adoption is a process that occurs over time.
A few households adopt initially, then a few more,
and so on, but seldom if ever do all households in a
community or region adopt any technology, even over
the longest time period. Current ex-ante adoption stud-
ies based on binary choice regressions have generally
been useful only for increasing our understanding of
who adopts first and for showing us which communit-
ies and which households within those communities
to begin with when introducing new agroforestry sys-
tems, projects, or programs. If the goal is to assess the
potential benefits of agroforestry, however, we need
to understand the time path of adoption, the rates and
intensity of adoption along that time path, who adopts
at different times, and the final level of adoption. Yet,
none of these temporal dimensions of agroforestry ad-
option have been studied empirically. Temporal issues
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have also rarely been examined in the more general
agriculture, forestry, and natural resource management
literature. It is time to begin to collect longitudinal data
on agroforestry adoption that will allow analysis of the
temporal nature of agroforestry adoption including the
rate and time at which a technology will be abandoned.
This will take us far in understanding the crucial link-
age between micro-adoption and aggregate diffusion
necessary for effective policy intervention.

End Notes

1. For example, Rogers (1983) reported that before 1964, 44%
of the 950 adoption-diffusion publications were by rural so-
ciologists, whereas between 1974-1983, only 8% (45 of 578
publications) were in rural sociology.

2. Prior to Just and Zilberman (1983), most rigorous adoption
studies were forced to assume that the new technology pro-
duced stochastic yields due to the intractability of handling
related random variables with prior theories of choice under
uncertainty.

3. Although hedgerow plots outperformed conventional plots on
both effective (net of hedgerow) and per hectare basis, yield
difference may have partly been a result of higher average labor
and fertilizer inputs on hedgerow plots (Shively 1999a).

4. The coefficient of relative risk averstion (CRRA)is defined as:

CRRA = —wU” (w)/U’(w)
where w = wealth, U = utility function, ' = first derivative of
* U with respect to w, and ” = second derivative of U with respect
to w.
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