View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Research Papers in Economics

EPTD Discussion Paper No. 122

LINKAGES BETWEEN POVERTY AND LAND MANAGEMENT IN RURAL
UGANDA: EVIDENCE FROM THE UGANDA NATIONAL HOUSEHOLD
SURVEY, 1999/00

John Pender, Sarah Ssewanyana, Kato Edward, and Ephraim Nkonya

Environment and Production Technology Division
International Food Policy Research Institute

2033 K Street, N.W.
Washington, D.C. 20006 U.S.A.

September 2004

Copyright © 2004: International Food Policy Research Institute

EPTD Discussion Papers contain preliminary material and research results, and are circulated prior to a full
peer review in order to stimulate discussion and critical comment. It is expected that most Discussion Papers
will eventually be published in some other form, and that their content may also be revised.


https://core.ac.uk/display/6288915?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

ACKNOWLEDGMENTS

The authors are grateful to the Norwegian Trust Fund for Environmentally and Socially
Sustainable Development for providing financial support to this research; to the World
Bank Environment Department, Makerere University Institute of Statistics and Applied
Economics, the Uganda Bureau of Statistics, the National Agricultural Research
Organization of Uganda, and the Agricultural University of Norway for partnership with
IFPRI in this project; and to the many farmers and community leaders who participated in
the survey upon which this study is based. Any errors or omissions are solely the
responsibility of the authors.



ABSTRACT

This study investigates the impacts of rural poverty on farmers’ land management
decisions, crop production and incomes, based upon analysis of data from the 1999/2000
Uganda National Household Survey. We find that the impacts of rural poverty on land
management, crop production and income depend upon the type of poverty (i.e., what asset
or access factor is constrained) and the type of land management considered.

Ugandan households that are poorer in terms of access to land use labor more
intensively and are less likely to use several land management practices and inputs, though
among households that do use non-labor inputs, land-poor households use many of these
inputs more intensively. As a result, land-poor households obtain higher value of crop
production per acre, though they have substantially lower incomes per capita than land rich
households. Thus, access to land is a key factor affecting intensity of land management and
rural poverty.

Households with access to poorer quality land use less labor and most non-labor
inputs, and obtain lower crop production and income. To the extent that land quality is
declining as a result of soil nutrient depletion and other land degradation problems, these
results suggest a downward spiral of land degradation—> declining land quality - lower
investment in land management = further land degradation.

Households that are poorer in terms of ownership of physical assets are less apt to
adopt most land management practices and non-labor inputs. Households with less livestock
obtain lower crop yields, and households with less of other assets obtain lower income. This
suggests another negative cycle: low assets = low investment in land management and low
income—> continued land degradation and low assets.

Households who are poorer in terms of males’ access to education invest less in most
inputs and land management technologies, and obtain lower incomes. Households in which
females lack education use labor more intensively in agriculture but also obtain lower
incomes. These households may be locked into a similar cycle of low education = low
investment in land management and low incomes => land degradation and continued low
assets.

Households in communities with lower wage rates use labor more intensively in
agriculture, but use several non-labor inputs less intensively, and obtain lower value of crop
production and incomes. Thus lack of off-farm opportunities may contribute to keeping poor
households in a poverty and land degradation trap.

Households without access to extension, market information or credit are less apt to
use several modern non-labor inputs, likely resulting in lower crop production. Households
with poor access to roads use less organic or inorganic fertilizer, which can contribute to land
degradation. Poorer road access is also associated with lower value of crop production per
acre in the Eastern and Western regions and lower income in the Central region. Thus lack
of access to infrastructure and services also may prevent households from exiting the
poverty-land degradation trap, though the impacts may be location specific.

i



Our results suggest that improvement in smallholders’ access to land, other assets,
education, extension, market information, credit, roads, and off-farm opportunities can help
to break the downward cycle of poverty and land degradation, and put farmers on a more
sustainable development pathway. Access to land (area and quality), other assets, education
and off-farm opportunities appear to be particularly important in addressing poverty directly,
while other interventions are likely to have more indirect impacts, as they influence land
management, crop choice, and other livelihood decisions. Given the importance of land as
the major asset owned by poor rural households in Uganda, investing in land quality
maintenance and improvement is a critical need. However, we found low marginal returns to
investments in organic or inorganic fertilizer and other land management practices,
suggesting that it will be difficult to get farmers to make such investments in the present
environment. Improvements in the market environment as well as development of more
profitable land management technologies appears essential to address this need.

KEYWORDS: Uganda, Land management, rural poverty, land degredation, household
income
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LINKAGES BETWEEN POVERTY AND LAND MANAGEMENT IN RURAL
UGANDA: EVIDENCE FROM THE UGANDA NATIONAL HOUSEHOLD
SURVEY, 1999/00

John Pender,' Sarah Ssewanyana,” Kato Edward,' and Ephraim Nkonya'

1. INTRODUCTION

Poverty reduction is the overarching development goal of the Ugandan
government. To achieve this goal, the government has laid out an ambitious strategy for
addressing poverty through the Poverty Eradication Action Plan (PEAP), which sets a
target of reducing the proportion of the population living in absolute poverty from 44
percent in 1997 to below 10 percent in 2017 (MFPED 2001). The PEAP key strategies
for poverty reduction include improvement of health care, roads, primary education, rural
water and modernization of agriculture (Ibid). The Plan for Modernization of Agriculture
(PMA 2000) is one of the central pillars of the government’s poverty reduction strategy.
Nearly all (96 percent) of the poor live in rural areas, and the vast majority of these (84
percent) depend primarily on agriculture for their livelihood (MFPED 2001). The PMA
emphasizes the critical need for small farmers to become more productive and
commercially oriented, and to manage natural resources in a more sustainable manner.

In the past decade, Uganda has registered impressive progress towards reducing
poverty. Appleton, (2001a) observed that absolute poverty in Uganda decreased from
around 56 percent of the population in 1992 to 35 percent in 1999/00. One of the major
reasons behind this impressive achievement is the sound macro and micro economic

reforms that the government of Uganda implemented in the past decade.
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Despite the progress made in the past decade, substantial challenges remain in
reducing poverty, increasing productivity and ensuring sustainable use of natural
resources. Although poverty declined in Uganda between 1992 and 1999, it has since
increased somewhat (to 38 percent in 2002/2003), driven mostly by worsening poverty in
rural areas, especially among crop farmers (Appleton and Ssewanyana 2003). The
decline in poverty since the early 1990s is less in rural than in urban areas, and in many
rural areas—especially in the north—Ilittle reduction in poverty has occurred.
Agricultural productivity has stagnated or declined for most farmers (Deininger and
Okidi 2001; Pender, et al. 2001), and declining soil fertility is perceived as one of the
major causes (Pender, et al. 2001; MAAIF 2000).

Scientific studies of land degradation in Uganda are limited, but available
estimates indicate that the rate of soil fertility depletion in Uganda is among the highest
in sub-Saharan Africa (Stoorvogel and Smaling 1990; Wortmann and Kaizzi 1998). A
recent study of maize producing households in eastern Uganda estimated that the average
value of soil nutrient depletion is equal to about one-fifth of average household income
(Nkonya, et al. 2004). Soil fertility depletion thus represents a substantial loss in
Uganda’s natural capital, as well as reducing agricultural productivity and income. Soil
erosion is also a serious problem in the highlands (Ibid.; Magunda and Tenywa 1999;
NEAP 1992). Most communities perceive that other natural resources are also degrading
and that food insecurity is worsening (Pender, et al. 2001; APSEC 2001).

There is widespread concern that poor households in Africa face a downward
spiral of land degradation and poverty (Cleaver and Schreiber 1994). Land degradation

may contribute to poverty by reducing agricultural productivity, while poverty may in



turn contribute to land degradation, if poor people lack the ability or incentive to invest in
conserving and improving their land. However, little empirical evidence is available
concerning the relationships between land management and poverty in Uganda and other
African countries, or about the policy, institutional or technological responses that could
most effectively address these problems. This study seeks to address this information
gap, using analysis of available data from the 1999/2000 Uganda National Household
Survey (UNHS). It is the first component of a larger study investigating linkages
between poverty and natural resource management in Uganda, led by the International
Food Policy Research Institute, the World Bank Environment Department, Makerere
University, the Uganda Bureau of Statistics (UBoS), the National Agricultural Research
Organization (NARO), and the Agricultural University of Norway.

This initial study seeks to learn as much as possible about poverty and land
degradation linkages based on analysis of the 1999/2000 UNHS. There are substantial
limitations to this, because the UNHS was not designed with this objective in mind and
because many of the linkages are dynamic in nature and cannot be adequately understood
using only cross sectional analysis of household survey data. Addressing such
shortcomings of existing data is the main objective of the broader project of which this
study is a part. Nevertheless, it is useful to see what can be learned from the data that are
already available. Some of the linkages between poverty and land degradation can be
investigated using these data, such as the near term impacts of asset and access poverty
on land management, productivity and incomes. Other linkages, such as the impacts of
land management on land degradation and the impacts of land degradation on poverty

over time require further investigation.



The remainder of the paper is organized as follows: In the next section, the
discussion of the methods and the empirical strategy employed is presented, followed by
a discussion of the key variables and data sources. The empirical results are presented in
the third section, and conclusions and implications are discussed in the final section.

2. METHODOLOGY

LINKAGES BETWEEN POVERTY AND NATURAL RESOURCE MANAGEMENT

There are many hypotheses in the literature concerning the linkages between
poverty and natural resource management. One common theme is the prospect of a
downward spiral of resource degradation and poverty. According to this view, natural
resource degradation contributes to declining agricultural productivity and reduced
livelihood options, thus worsening poverty and food insecurity, while poverty and food
insecurity in turn contribute to worsening resource degradation by desperate households
lacking alternatives to degrading their natural capital stock (Durning 1989; Leonard
1989; Cleaver and Schreiber 1994; Pinstrup-Andersen and Pandya-Lorch 1994).

This view has been challenged on both theoretical and empirical grounds.
Theoretically, there is no necessary causal link from resource degradation to worsening
poverty. People may choose to degrade natural resources while investing in other assets
yielding higher returns. In this case resource degradation represents a process of
substituting one type of capital for another, and may be associated with overall
improvement in incomes and welfare (Pender 1998). Of course, private decisions to
disinvest in natural capital may not be socially optimal if there are external benefits
resulting from natural capital (e.g., if conserving forests prevents sedimentation of

streams, flooding and reduces atmospheric CO,) or external costs of other forms of



capital (e.g., negative effects of agrochemical use on water quality). But the implications
of such externalities do not necessarily depend on whether people are poor.

The process of disinvesting in natural capital may continue until private rates of
return to investing in different types of capital are relatively equal, after which
households are likely to make complementary investments in natural capital and other
forms of capital (Ibid.). On the other hand, people may disinvest in all types of capital, or
investment may fail to keep pace with rapid population growth, if the rate of return on
available investments is not sufficiently high relative to people’s rate of time preference
and the rate of population growth (Ibid.). In this case, households are caught in a
poverty-degradation trap, though it is the relatively low rate of return to all investments
and not the linkages between poverty and resource management that cause the trap.’

Still, resource degradation can and does contribute to declining productivity and thus may
contribute to poverty when other compensating investments are not sufficient.

There is also no necessary causal link from poverty to resource degradation. If
markets are perfect, land and other resources will be allocated to their most profitable
uses and all investments yielding a positive net present value will be made (Singh, et al.
1986). In this (admittedly unrealistic) case, resource management and investment
decisions will be independent of the characteristics of owners of resources, including
their level of poverty. Even with one missing market, resources can be efficiently
allocated if all other markets are functioning competitively. For example, households
facing binding cash or labor constraints may lease their land out to other households with

more cash or family labor and thus able to farm the land more profitably and more able to

3 To the extent that poverty contributes to high fertility rates (e.g., due to inadequate social security or low
education of girls), however, it may contribute to high population growth rates and thus to the likelihood
that a poverty-resource degradation trap occurs.



make investments in the land. Thus it requires at least two market failures for household
characteristics such as poverty to influence private resource management decisions.

If there are market failures, poverty may indeed affect natural resource
management and resource degradation, though the possible relationships are complex,
depending upon the nature of the market failures, the nature of poverty, and the type of
resource management and resource degradation considered. For example, if there is no
land or credit market, but all other markets function perfectly, households with less
wealth or income will be less able to invest in soil and water conservation measures than
wealthier households (since wealthier ones can more readily hire labor or purchase other
required inputs for such investments), other factors being equal, and thus may suffer
greater land degradation (Pender and Kerr 1998). On the other hand, wealthier
households are also more able to invest in livestock, mechanical equipment, or other
assets that may contribute to erosion or other forms of land degradation. Furthermore,
the land management practices pursued by wealthier households may increase some
forms of resource degradation (e.g., more erosion due to use of mechanical equipment, or
more damage to water resources and biodiversity due to greater use of agro-chemicals),
while reducing other forms of resource degradation (e.g., less soil nutrient depletion as a
result of greater ability to purchase fertilizers or greater ownership of livestock and
recycling of manure) (Swinton, et al. 2003).

If there are imperfect labor and land markets, households with access to more
family labor relative to their land are likely to use more labor-intensive and less land-
intensive farming practices, such as fallowing less or not at all, farming on steep slopes,

tilling more frequently, applying manure or mulch, investing in soil and water



conservation measures, etc., as argued by Boserup (1965) and others. Such
intensification of labor may have mixed impacts on resource degradation, potentially
increasing soil fertility depletion as a result of declining fallow use or increasing erosion
as a result of farming on steep slopes, or restoring soil fertility and reducing erosion as a
result of adoption of labor-intensive soil fertility management and soil and water
conservation measures.

In an imperfect markets setting, the nature of poverty also is important in
determining the impacts on natural resource management and degradation. Households
that are not poor by welfare criteria such as minimum levels of consumption may face
“investment poverty” that prevents them from making profitable investments in resource
conservation and improvement (Reardon and Vosti 1995). Households that lack access
to roads and markets, or that own little land may deplete soil nutrients less rapidly since
they are subsistence-oriented and thus export less soil nutrients in the form of crop sales.
On the other hand, households that are livestock poor may deplete soil nutrients more
rapidly because they lack access to manure. A recent study of determinants of soil
nutrient depletion in eastern Uganda found support for these hypotheses of divergent

effects of different types of assets (Nkonya, et al. 2004).

EMPIRICAL MODEL

To investigate some of these relationships, we use econometric analysis of the
1999/2000 UNHS data, using an empirical model that draws from the literature on
agricultural household models (Singh, et al. 1996; de Janvry, et al. 1991) and on
sustainable livelihoods (Carney 1998). The empirical model is based on a theoretical

dynamic household model in which rural households seek to maximize their welfare over



time, subject to their endowments of physical, human, natural, financial and social
capital, land tenure, access to information and services, and to the biophysical, market
and institutional constraints present in their socioeconomic and physical environment.*

In the empirical model, we consider what factors determine household decisions
relating to land management (broadly defined to include crop choice, use of labor, soil
fertility management technologies and other inputs), including household endowments of
different types of “capital” (physical, human, natural, financial and social). These
relationships are used to identify the impacts of “investment poverty” (Reardon and Vosti
1995) on land management. We also investigate the impacts of land management
decisions on the value of agricultural production (and hence indirectly on income), thus
quantifying some of the linkages from land management to poverty. Finally, we
investigate the impacts of endowments on crop production and household income in
reduced form, through which the total effects of asset holdings on income poverty (via
impacts on land management and other mechanisms of impact) can be assessed.

Value of Crop Production

For agricultural production, we focus on the value of crop production per acre, as
this is by far the largest component of agricultural income, and closely related to land
management. We assume that the value of crop production by household h (yp) is
determined by the vector of shares of area planted to different types of crops (Cp); the
amount of labor used per acre (Ly); the vector of non-labor inputs/land management
practices used (LMy); the “natural capital” of the household (NC}) (including the amount
and quality of land held); the tenure characteristics of the land held (e.g., land rights

status, how parcel acquired, time since acquisition) (Ty); the household’s endowments of

* The theoretical dynamic household model is presented in the appendix.



physical capital (e.g., livestock, equipment, buildings, durable goods), human capital
(e.g., education, age and gender distribution of household members, health status) (HCy),
and “social capital” (social relationships affecting the household’s productive and
marketing capacities); access to information and services relevant to agricultural
productivity (e.g., extension services, market information, credit) (ISy); village level
factors that determine local comparative advantages, including agro-ecological
conditions, access to markets and infrastructure, local wages, population density, and
region (X,); and random factors (uyn):

Vi :y(Ch’Lh’LMh’NCh’Th’PCh’HCh’SCh’IShaXv’”yh) ey

Equation 1 is not strictly a production function, since we are focusing on the
value, not quantity, of production per acre. We do this because many different crops are
produced in Uganda, often on the same plot, making estimation of single crop production
functions difficult. The value of crop production depends on the choice of crops (Cy) and
farm level prices of these crops, the inputs and land management practices used in
producing them (Ly, LMy), and the natural conditions of the land (NCy). Since different
households in different locations in Uganda produce different crops, we are not able to
explicitly include crop prices as determinants of the value of crop production, because the
price of every crop is unobserved in many locations. Instead, we assume that farm level
prices are determined by village level factors determining local supply, demand and
transportation costs of commodities (Xy) and household level factors affecting
households’ transactions costs and marketing abilities (PCy, HCy, SCy, ISy). If factor
markets are imperfect, households’ endowments of physical and other forms of capital

and access to information and services can also influence production decisions and
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productivity, even if they have no influence on farm level commodity prices (de Janvry,
etal. 1991). In addition, agro-ecological conditions (part of Xy ) also influence
agricultural productivity by affecting production conditions. Land rights and tenure
characteristics (Th) may influence crop production by affecting tenure security, land
marketability, land values, and/or access to credit, hence affecting farmers’ incentive and
ability to invest in land improvements or to apply inputs (Feder et al. 1988; Place and
Hazell 1993; Besley 1995; Pender and Kerr 1999).

Crop Choice, Labor Use and Land Management

In the context of imperfect factor markets, crop choice, labor use and land
management decisions all may be affected by the household’s endowments of natural,
physical, human and social capital; by land tenure, by the household’s access to
information and services; the household’s vulnerability status; and by the village level

factors determining local comparative advantage:

¢, =C(NC,,T,,PC,,HC,,SC,,1S,, X ,u,) (2)
L, =L(NC,,T,,PC, HC,SC,IS, X,  u,) 3)
LM, =LM(NC,,T,,PC,,HC,,SC,,IS,,X ,u,,) 4)

The determinants of value of crop production will be estimated using the
structural model represented by equation 1), as well as in reduced form. The reduced
form is obtained by substituting equations 2) — 4) into equation 1):

», =y'(NC,,T,,PC,,HC,,SC,,1S,, X ,u',) (5)
Household Income
In reduced form, household income is determined by the same factors as in

equations 2) — 5):
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1, =1(NC,.T,,PC,,HC,,SC,,IS,, X ,,u,) (6)

ECONOMETRIC APPROACH

Equations 1) to 6) are the basis for the econometric estimation. Ideally these equations
would be estimated as a linear system using a system method such as three-stage least
squares estimation. However, this is not possible because some of the dependent
variables are censored variables (i.e., Cy, are constrained to be between 0 and 1 and LM},
are constrained to be non-negative), hence their determinants cannot be consistently
estimated using standard linear models (Maddala 1983). Instead, each equation is
estimated independently using econometric models suitable to the nature of each
dependent variable.’

Equations 1), 3), 5) and 6) are estimated using ordinary least squares (OLS) and
instrumental variables (IV) estimators, to address possible bias from inclusion of
endogenous explanatory variables (more on this below). Equation 2) is estimated using a
two-limit tobit model (Ibid., pp. 160-162) to account for left and right censoring of Cy,.
Equation 4) is estimated using a Heckman sample selection model (Davidson and
MacKinnon 2004, pp. 486-488), using maximum likelihood estimation. This model
accounts for left censoring of LM}, variables, and is more general than a standard tobit
model, since it allows for different variables to determine whether or not a land
management practice is used than the variables determining the intensity of use, and

allows for different impacts of the same variables on these decisions. We test some of

> Compared to a systems approach, estimating each equation independently reduces the efficiency of
estimation because correlation in error terms across equations cannot be accounted for and cross equation
restrictions (such as those implied by the fact that the shares of land planted to different crop mixes must
sum to 1) cannot be imposed. The inability to account for such cross equation relationships does not cause
the estimated coefficients to be inconsistent or biased, however.
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the restrictions implied by the tobit model—namely that the coefficients in the selection
equation are proportional to the coefficients of the corresponding variables in the second
stage regression equation (Davidson and MacKinnon 2004, pp. 485-486) (with the
proportionality constant equal to 1/c, the standard error of the regression)—and reject
this hypothesis in all cases. We therefore report the results of the Heckman model rather
than the tobit model, as well as the results of the tests of the tobit model restrictions.

Inclusion of the household’s choice to participate in agricultural extension, access
market information or take a loan (indicators of ISy) as explanatory factors in all
equations could lead to endogeneity bias. For example, households may be less likely to
take out a loan if they have information indicating that production is likely to be low, and
if this information is not adequately controlled for in the regression, it could cause the
loan variable to pick up the effect of such unobserved (by the econometrician) factors on
production and input use. In addition, equation 1) includes also endogenous choices of
Ch, Ly, and LMy, that could also cause endogeneity bias. To address this problem, we use
IV estimation of equations 1), 3), 5) and 6).

IV estimation results are consistent estimates of the model coefficients, provided
that a unique solution to the estimation problem exists and the instrumental variables are
uncorrelated with the error term in the model (Davidson and MacKinnon 2004).
However, in finite samples, IV estimates are generally biased, and can be more biased
than OLS estimates if the instrumental variables used are weak predictors of the
endogenous explanatory variables (Ibid., pp. 324-329; Bound, et al. 1995). Furthermore,
identification of the coefficients of a linear IV model is impossible unless restrictions are

imposed on the model, such as excluding some of the instrumental variables from the
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regression. In linear IV estimation, it is necessary to have as many restrictions as
endogenous explanatory variables to be able to identify the model, and additional
restrictions (“overidentifying restrictions”) can help to increase the efficiency of the
model, provided that these exclusion restrictions are valid and that the excluded
instrumental variables are significant predictors of the endogenous explanatory variables.

In our IV regressions, we use several community level variables as instrumental
variables that are excluded from the regression model, including indicators of distance
and travel time to the most common market, the location of the nearest market, the
common transportation modes used to the nearest market, availability of formal and
informal credit, and the sources of credit. We hypothesize that such variables are
significant predictors of household access to extension, market information and loans
(i.e., they are “relevant”), but that they do not add additional explanatory power to the
regression after controlling for the participation variables and other variables (i.e., the
overidentifying restrictions are valid). In estimating equation 1), we also exclude from
the regression and use as instrumental variables those explanatory variables that were
jointly statistically insignificant in the less restricted version of the model (including
factors such as land tenure, and access to markets and roads). These factors apparently
affect the value of crop production only indirectly (by affecting crop choice, labor use
and land management), but not directly after controlling for these factors.

In all cases, we statistically test the assumptions that the excluded instrumental
variables are relevant by testing their joint statistical significance in predicting the
endogenous explanatory variables (Bound, et al. 1995). We test the overidentifying

restrictions using Hansen’s J statistic (Davidson and MacKinnon 2004, pp. 366-368),
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which is consistent under heteroskedasticty (Baum, et al. 2002). We also test the
consistency of OLS relative to IV using a Durban-Wu-Hausman test (Davidson and
MacKinnon 2004, pp. 338-340). Since OLS estimation is more efficient than IV
estimation if the OLS model is consistent, we prefer the OLS model if the Hausman test
fails to reject the consistency of OLS. Regardless of the results of these tests, we report
both the OLS and IV results, since IV estimation may be biased in finite samples, as
noted above. For equations 3), 5) and 6), we also report the significance of results of an
alternative OLS model in which the potentially endogenous explanatory variables
(contact with extension, access to market information, and use of credit) are excluded, to
investigate the impacts of these variables on the results. We have more confidence in
results that are robust in both of the OLS models and the IV model.

For equations 2) and 4), we cannot use linear IV estimation since the model is a
limited dependent variable model in both cases. For IV estimation of equation 4), we
estimate the second stage of the Heckman two-stage model using only the observations
having positive values of LMy, incorporating the selection correction term (the inverse
Mills ratio) from a first stage probit selection model. Since this second stage regression
model is linear, we can use [V estimation to estimate it. We report the robustness of the
coefficients of the second stage of the Heckman selection model when estimated by IV
estimation. For equation 2), we are not aware of a consistent method to estimate a two-
limit tobit model using IV estimation. However, as for the OLS models discussed above,
we investigate the robustness of our results in estimating equations 2) and 4) by leaving

out the potentially endogenous explanatory variables in one specification.
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Other estimation and data issues considered included sampling weights,
heteroskedasticity, clustering (possible non-independence of observations from the same
sampling unit), multicollinearity, and outliers. In all cases, appropriate univariate and
regression statistics (means and standard errors) are reported, which are adjusted for
sample weights (thus representative of the population of Uganda) and robust to
heteroskedasticity and clustering (StataCorp 2003). Multicollinearity was tested using
variance inflation factors and found not to be a major concern (maximum variance
inflation factor = 3.2) (Mukherjee, et al. 1998). Regarding outliers, some observations
with unbelievable data values were dropped. Problems of leverage and outliers were also
addressed by transforming most continuous variables using logarithms, which resulted in
more normally distributed variables, thus improving the performance of the regression
(Ibid.). For nonnegative continuous variables having zero values for some households
(e.g., non-labor input use, asset values), the variable (x) was transformed using the
transformation In(x+1), so that the transformed value is zero when x = 0, and increasing

monotonically in x.

Data

This study uses household and community level-data from the Uganda National
Household Survey (UNHS) conducted by the Uganda Bureau of Statistics (UBoS). This
survey was conducted during August 1999— July 2000 covering all districts except the
districts of Kitgum, Gulu, Kasese and Bundibugyo, which were excluded from the survey
because of insurgencies at the time of the survey. A multi-stage stratified sampling
approach was followed, in which each district was treated as a separate stratum. The

sample was designed in a manner to enable derivation of reliable estimates of the crop
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survey characteristics at a district level. It was also designed to ensure representation at
national, regional and rural/urban levels. Thus, national representation is still retained
even after restricting the sample to rural areas.

This was a multipurpose survey designed with three modules, namely, socio-
economic, crop and community. The survey covered 10,696 households in 1,086
communities. Of the sampled households 8,453 were engaged in crop farming both in
rural and urban areas. The information for the three modules was collected at the same
time and from the same enumeration area, making it easier to match households to their
respective communities. Although the UNHS was a nationally representative survey, the
analysis is limited to rural crop farming households. The survey covered about 79 percent
households with crop farming enterprises, of these 85 percent are used in the analysis
after limiting the sample to rural areas and dropping some obvious outliers. In other
words, the analysis is limited to 7,140 rural households. In the next sub-section, a
description of the variables of interest from these three modules is presented. Since the
focus of this paper is on linkages between poverty and land management, efforts are put
into relating poverty status® to various variables.

Below we discuss the variables and data used in the analysis and their sources.
First we consider the dependent variables in equations 1) to 6).

Value of crop production per acre (yy)

The value of crop production per acre of cropland operated was estimated based
on data collected in the UNHS crop module. Total value of production was derived as
the product of quantity produced and village level price, aggregated over the two seasons,

divided by area cultivated. Area cultivated was derived as the average for both seasons.

¢ The paper borrows from Appleton’s (2001) work on poverty estimates based on the UNHS.
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Crop choice (Cy)

The analysis uses the share of cropland area under the dominant crop type or crop
mix. Using the crop module, it was not possible to estimate the share of crop area under
each specific type of crop, due to mixed cropping. Instead, the dominant crop type or
crop mixes for each plot was classified based on the plot level data, and used to calculate
the share of total crop area under each dominant type. The most common dominant crop
types included cereals, matooke (cooking banana), root crops, legumes, coffee, and
various mixes (e.g., matooke-coffee, cereals-legumes, legumes-matooke, and legumes-
root crops).’

Labor intensity (L)

Pre-harvest labor use was measured by the number of pre-harvest workers per
acre in adult male equivalent (using local wage rates to determine the adult male
equivalent of adult females and children), using data from the crop module.

Land management (LM})

Land management was indicated by the value of non-labor inputs applied per
acre, including organic fertilizer (manure), inorganic fertilizer, pesticides, traditional
seeds, improved or hybrid seeds, and other non-labor inputs (costs for soil preparation,
etc.), using data from the crop module.

Household Income (1)

Household income was measured as income from crop farming, non-crop farming
(mainly livestock), non-agricultural enterprises (e.g., trading or brewing), property (e.g.,

rent from land or buildings, dividends), off-farm employment, and other sources (e.g.,

7 Vegetables and fruits were dominant for some households, but only a relatively small number of
households. Thus the determinants of this crop choice are not analyzed in this paper.
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transfers and remittances). These data are from the household socioeconomic survey
module.
Next we consider the explanatory factors in equations 1) to 6):

Natural capital (NCp)

Natural capital is indicated by the area operated and households’ reported land
value per acre. These data were taken from the UNHS crop and socioeconomic modules.
Land value per acre reflects the quality of land owned by the household, its locational
advantages (e.g., land in areas with better access to markets and roads is expected to have
higher value) and the scarcity of land (as determined by population density). Since
locational and scarcity variables are controlled for in the regressions (Xy), the coefficient
of land value per acre in the regressions is assumed to reflect mainly the effects of
differences in land quality.

Land Tenure (Ty)

The land tenure of the household is indicated by the share of land held under
customary, mailo or other tenure (freehold or leasehold), the share of land acquired by
various means (purchased, inherited, freely acquired, rented), the proportion of land
operated by women, and the average length of time the plots have been held by the
household. These data were taken from the UNHS crop module.

Physical capital (PCy)

The physical capital of each household is indicated by the value of assets owned,

including the value of livestock (including poultry), farm equipment, buildings and

durable goods. These data were taken from the UNHS socioeconomic module.
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Human capital (HCy)

The human capital of the household is indicated by the household size and share
of dependents, the median number of years of education of adult males and females in the
household, the gender and age of the household head, and the proportion of adult days
lost due to sickness.® These data were taken from the UNHS socioeconomic and crop
modules.

Social capital (SCp)

Social capital is proxied by the dominant ethnicity of the village. Uganda has
over 50 different ethnic groups. For the purpose of this paper, only the dominant ones by
administrative region were considered. These included the Baganda, Basoga, Bagisu,
Iteso, Langi, Lugbara, Bakiga, Banyoro, and Banyankole ethnic groups. These data are
from the UNHS community module.

Access to information and services (ISy)

The access to information and services relevant to land management is indicated
by whether the household had contact with the agricultural extension service, whether it
had access to market information, and whether it had taken any loan in the survey year.
These data are from the UNHS crop module.

Village level factors affecting comparative advantage (X,)

Agro-climatic zones: For the 1999/2000 UNHS, the geographic locations of the
respondent households were collected using global positioning system (GPS) units. These

data were used to link households to their agricultural potential domain by IFPRI

¥ An adult is taken as someone older than 15 years of age. The dependency ratio was derived as the number
of dependents (aged below 15 & above 65 years) divided by the household members aged between 15-65
years. Household size was taken as a measure of all the usual members (persons living in the household at
least six months prior to the survey), normalized in adult equivalents (an 18-30 year old male is taken as the
reference person in the adult equivalent measure, following Appleton (2001a)).
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researchers. The agro-ecological zone classification is based on Ruecker et al (2003).
This classification was based on the average length of growing period, rainfall pattern,
maximum annual temperature and altitude. These zones were broadly categorized into
unimodal and bimodal pattern rainfall zones. Within the unimodal class further
categorization included very low, low, medium and high rainfall zones; the bimodal class
had low, medium and high rainfall zones (Figure 1). The bimodal high rainfall zone
covers most of the Lake Victoria crescent and parts of the southwest highlands; the
bimodal medium rainfall zone covers most of central and western Uganda; the bimodal
low rainfall zone covers most of southwestern Uganda; the unimodal high rainfall zone
covers the eastern highlands; the unimodal medium rainfall covers parts of northern and
northwestern Uganda; and the unimodal low and very low rainfall zone covers much of
northeastern Uganda. For the analysis, we combined the unimodal very low, low and
medium rainfall zones, due to limited numbers of households in each of these categories
(especially the very low rainfall zone, which includes less than 1 percent of the sample
households) and expected similarities in agriculture and land management (especially
between the unimodal low and medium rainfall zones).

Market, road and transportation access: The geographic coordinates of the
survey households were also linked to geographic information on indicators of market
access and population density. Areas of relatively high market access were classified by
Wood, et al. (1999) using the potential market integration (PMI) index, an index of travel
time of each location to the nearest five markets, weighted by the population size of those
markets. The areas classified as having relatively high market access include most of the

Lake Victoria crescent region and areas close to main roads in the rest of the country



21

(Figure 2). Access to roads and transportation was measured using information from the
community survey on the distance of the community to the nearest all-weather road, truck
service and minibus/taxi service.

Population density and wage rates: The population density of the parish of which
the community was a part was used as an indicator of scarcity of land and other resources
relative to the population. These data were provided by Ruecker, et al. (2003), based
upon the 1991 Population Census and the National Biomass Study, which provided
digitized boundaries of the parishes (used to calculate area of each parish). Local average
agricultural wage rates for men and women in the study communities were also included
in the analysis, as indicators of the scarcity of and returns to labor. Because of very high
collinearity between wage rates of men and women, the wage rate for women was

dropped from the analysis.
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Figure 1--Agro-climatic zones in Uganda

Agro-climatic Potential for
Perennial Crops

o/ Ol beund e

Sarwiifie Mo o s an g
Saseanility § LGF # Anmusl raialall §
miutimun e paratuce im Febnairy

T i - vy e
I - e
W o T T

Source: Ruecker, et al. (2003)



23

Figure 2--Classification of market access in Uganda
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3. EMPIRICAL RESULTS

DESCRIPTIVE RESULTS
Results by Income Quintile

Descriptive statistics for the variables used in the analysis are reported by income
quintile in Table 1. The income quintiles were constructed based on the mean
consumption expenditure per adult equivalent. The mean consumption expenditure per
adult equivalent was used together with the poverty lines derived by Appleton (2001a) to
categorize households into poor and non-poor. Land is the most important asset in rural
Uganda. Nearly 50 percent of total assets value was due to land, followed by buildings
(24 percent). Livestock accounted for only 11 percent and farm equipment only about 2

percent. Not surprisingly, higher income households have more assets of all kinds.
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The average cultivated area was about 2.5 acres, a finding consistent with official
publications. Differences in average area cultivated per household were observed across
the different agro-ecological zones; lowest at 2.0 acres in the unimodal high rainfall zone
and highest in unimodal very low rainfall zone (2.6 acres). The non-poor farming
households had higher area under cultivation (2.6 acres compared to 2.1 acres for the
poor households). In some districts, it is evident from the survey results that households
are already experiencing difficulties in increasing the cultivated area. This suggests that
the extent to which increasing crop yields can contribute to future agricultural growth and
in turn to poverty alleviation will be critical to Uganda’s agricultural performance.

The survey results indicate that land tenure system changed little between 1992
and 1999 despite the new Land Act of 1997, which has not yet been fully implemented.
In 1999/2000, about 55 percent of total cultivated land was under mailo occupancy,’
followed by 42 percent under customary tenure. Other types of tenure included leasehold,
mailo ownership, and squatters. The most common means of land acquisition were
freely'® acquired, accounting for almost 40 percent, followed by purchasing (28 percent),
inheritance (27 percent) and others (15 percent, mainly cash rental). Across income
quintiles some patterns emerge. The share of farm size under mailo occupancy tends to
be distributed regressively, while the reverse is true for customary tenure. The means of

land acquisition also varies with income levels: acquiring land through purchase is more

® Mailo land refers to freehold land that was distributed in square mile units to the royal family and other
elites by the British colonial government, but which is mostly occupied by long-term occupants, who have
acquired increasingly secure rights over time (Place, et al. 2001). The rights of mailo occupants were
codified by the 1998 Land Act, which provided for recognition of freehold status of long-term mailo
occupants. The Land Act has yet to be fully implemented however.

' This is land freely acquired other than through inheritance (i.e., by occupation).
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common among richer households while acquisition through inheritance is more common
among poorer ones.

On average, household heads were 44 years of age, suggesting that farming
households tend to be late in their life cycle. Men are more educated on average, having
received about 5 years of formal education compared to 3 years for women. Households
with more educated adults tend to have higher incomes, as one would expect. Sickness is
an important factor affecting agricultural production; more than 10 percent of adult days
were lost on average due to sickness.

Access to agricultural extension, market information and credit is still very low in
general. Only 12 percent of households had contact with an extension agent in
1999/2000, while 28 percent had access to market information and 17 percent had taken a
loan. Higher income households have better access to these services, however.

Crop farming was the main source of income: it accounted for nearly 53 percent
of total household income on average, while non-crop farming accounted for only 3
percent. Non-agricultural enterprises accounted for 10 percent of income, employment
income for 8§ percent and other income (e.g., property income, transfers, etc.) for 19
percent. In total, non-farm income contributes a substantial proportion (more than 40
percent) to total household income. For all income quintiles, income derived from crop
farming dominates followed by income earned from other sources. In addition, the poor
and the rich derived more than half of their incomes from crop farming, with
disproportionately higher reliance on crops from the poor. By extension different income

sources appear to be of differing relevance to the poorer quintiles.
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In general, non-poor households invested more in land management practices
compared to the poor. For example, households in the top income quintile spent over
4400 USh. per acre on fertilizers, improved seeds and pesticides, compared to only about
900 USh per acre by those in the bottom quintile. The poor also have a lower value of
production per acre than the non-poor, consistent with their lower use of inputs.

Differences Across Regions

National and regional averages in 1999/2000 of variables reflecting crop choice,
land management, production, income, and the factors expected to affect these variables
are compared in Table 2. Most of these variables differ across the regions of the

country.'!

" The regions are groupings of districts used by UBOS in analyzing the UNHS data. The central region
includes the districts of Kalangala, Kampala, Kiboga, Luwero, Masaka, Mpigi, Mubende, Mukono,
Nakasongola, and Rakai. The eastern region includes the districts of Bugiri, Busia, Iganga, Jinja, Kamuli,
Kapchorwa, Katakwi, Kumi, Mbale, Pallisa, Soroti, and Tororo. The northern region includes the districts
of Adjumani, Apac, Arua, Gulu, Kitgum, Kotido, Lira, Moroto, Moyo, and Nebbi. The western region
includes the districts of Bundibugyo, Bushenyi, Hoima, Kabale, Kabarole, Kasese, Kibaale, Kisoro,
Masindi, Mbarara, Ntungamo, and Runkungiri.
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The most common crops or crop mixes produced were root crops, cereals,
cereals/legumes, legumes and matooke. Root crops were most common in the northern
region, though fairly common everywhere. Legumes and legumes/root crops mixes were
also most common in the northern region. Cereals and cereals/legumes mixed cropping
were most common in the northern and eastern regions. Matooke was most common in
the western and central regions, while matooke/coffee was most common in the central
region. Matooke/legumes was most common in the western region.

Labor intensity in crop production was greatest in the northern and eastern
regions. Average use of organic fertilizer was much greater in the central region than the
others, followed by the western region. Use of inorganic fertilizer and pesticides was
greatest in the central region. Use of improved seeds and other non-labor inputs was
greatest in the eastern region.

The average value of crop production per acre was greatest in the western region,
followed by the central region. Household per capita income was also highest in these
two regions, but somewhat higher in the central region.

There are also significant differences across regions in average farm size, land
value, land tenure, asset ownership, human capital, ethnicity, access to information and
services, access to markets, roads and transportation, labor and land scarcity, and agro-
climatic conditions (see Table 2 for details). Such differences across regions and
households must be accounted for if we are to understand the reasons for differences in
cropping choices, input use, production and incomes. That is the purpose of the

multivariate econometric analysis discussed in the next section.
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Econometric Results

The econometric results are presented in Tables 3 to 10. In this section we
discuss the results for each type of dependent variable.
Labor Intensity

The results of OLS and IV estimation of determinants of labor intensity are
reported in Table 3.

Table 3--Determinants of Labor Intensity (In(person-days/ha.))
Ordinary least squares (OLS) and instrumental variables (IV) estimation

Variable OLS Iv*
NATURAL CAPITAL

In(Area farmed) 0546 -0.578""
In(Land value/acre) 0.012°% 0.012°
LAND TENURE

In(Years holding land) 0.029"R 0.026™
Proportion women’s land -0.1457"R -0.1527
How land acquired (cf. rented)

- Share purchased 0.039" 0.047

- Share free land -0.021 -0.012

- Share inherited 0.0417 0.049"
Land tenure (cf. customary)

- Share mailo -0.007 -0.016

- Share other -0.061" -0.066
PHYSICAL CAPITAL

In(Value of buildings) 0.000 -0.001
In(Value of durables) -0.006 -0.004
In(Value of livestock) 0.001 0.001
In(Value of equipment) -0.001 -0.003
HUMAN CAPITAL

In(Number of adult equivalent) 0.550""R 0.557"
Proportion of dependents -0.208""R -0.233™
Female household head 0.040" 0.036
In(Age of household head) 0.103""® 0.1027
Median education of males 0.004" 0.003
Median education of females -0.007""® -0.006™
In(Prop. days lost due to illness) -0.1217 -0.094
ETHNICITY

- Baganda 0.012 0.006

- Basoga 0.038% 0.003

- Tteso 0.056" % 0.060

- Bagisu 0.002 0.006

- Langi 0.137""% 0.122"
- Lugbara -0.015 -0.033

HFEKR

- Ankole -0.060 -0.047



35

Table 3--Determinants of Labor Intensity (In(person-days/ha.)) (continued)

Ordinary least squares (OLS) and instrumental variables (IV) estimation

Variable OLS v?

- Bakiga -0.090"® -0.072"

- Banyoro -0.028 -0.022

ACCESS TO INFORMATION/SERVICES

Extension service dummy 0.003 0.186

Market information dummy 0.010 0.101

Loan access dummy 0.007 -0.006

Access to markets and transport

High market access dummy -0.017 -0.018

Dist. to all weather road (km.) 0.000 0.000

Dist. to truck service (km.) 0.001""® 0.001"

Dist. to minibus/taxi service 0.000 0.001

Land and labor scarcity

In(Wage rate of men) (Ush/day) -0.043""R -0.0407"

In(Population dens.) (#/km?) 0.026"™"® 0.022"

Agro-climatic zone (cf., bimodal high rainfall)

- Unimodal v. low/low/medium 0.054% 0.063"

- Unimodal high 0.148""* 0.165™"

- Bimodal low 0.045"% 0.052"

- Bimodal medium -0.028™® -0.015

Intercept 0.106 0.112

Number of observations 4103 3977

R’ 0.431

Wu-Hausman test of exogeneity of extension, market "

information, loan variables p=0.0001

Relevance tests of excluded instruments Extension p=0.004::
Market information p=0.000
Loan p=0.242

Hansen’s J test of overidentifying restrictions p=0.111

? Instrumental variables used to predict participation in extension, access to market information and use of a
loan include all of the other explanatory variables, plus several community level variables representing
distance and time to the most common market, the location of the nearest market, the common
transportation modes to the nearest market, availability of formal or informal credit, and the sources of
credit.
™™ mean statistical significance at the 10%, 5%, and 1% levels, respectively. Coefficients and standard
errors adjusted for sampling weights and robust to heteroskedasticity.

R means that the coefficient was the same sign and statistically significant at 10% level in an OLS model
excluding the potentially endogenous variables (participation in extension, market information, and loan

use).
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The results of both approaches are quite similar, with most coefficients similar in
magnitude, and robust findings of statistical significance across the two OLS
specifications and the IV specification in almost all cases. Nevertheless, the OLS model
is rejected as inconsistent by the Wu-Hausman test, while the tests of relevance and
overidentification support the instrumental variables used in the IV model. We therefore
focus on the coefficients that are statistically significant in the IV model.

Larger farms use labor less intensively, suggesting that larger farms face labor
constraints limiting their ability and incentive to farm intensively, and that land and labor
market imperfections are present (Feder 1985). The role of labor constraints and factor
market imperfections is also suggested by the fact that households with a larger labor
endowment farm more intensively while a larger share of dependents is associated with
less labor intensity. Land farmed by women is farmed less intensively, probably
reflecting labor constraints facing women farmers. Similarly, households in which
females are more educated farm less intensively, reflecting higher labor opportunity costs
as a result of higher education. Households with older heads use labor more intensively,
perhaps because more farming experience increases the return to labor invested in
agriculture.

Not surprisingly, labor intensity is lower where wage rates are higher. Labor
intensity is also higher in more densely populated communities, suggesting that resource
scarcity at the community level, even controlling for local wage rates and household land
and labor endowments, contributes to intensification. These results are consistent with

Boserup’s (1965) theory of population-induced intensification.
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Land quality (as measured by land value) contributes to higher labor intensity
(weakly significant at 10 percent level), probably because the marginal return to labor
effort is greater on higher quality land. Households that have held their land for a longer
period (controlling for the age of the household head) farm the land more intensively,
perhaps due to effects of greater tenure security. Land that was purchased or inherited is
farmed more intensively than rented land, possibly for a similar reason.

Labor intensity differs across some ethnic groups, being highest among the Langi
and lowest among the Bakiga, controlling for other factors. Labor intensity also differs
across agro-climatic zones, being higher in the unimodal rainfall zones and the bimodal
low rainfall zone than in the bimodal medium and high rainfall zones. This may reflect
production of more labor-intensive crops in these areas.

The determinants of labor intensity differ significantly across the regions of
Uganda.'? Nevertheless, many of the results are qualitatively similar across several

regions (Table 4).

'2 A Chow test of equality of all coefficients in the labor intensity regression across the four regions was
rejected (p= 0.0000).



Table 4--Determinants of labor intensity by region
Instrumental variables regressions
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a

Variable Central Eastern Northern Western
NATURAL CAPITAL

In(Area farmed) -0.536™" -0.590™" -0.656™" -0.584""
In(Land value/acre) 0.014 0.012 0.010 0.021
LAND TENURE

In(Years holding land) 0.032 0.012 -0.008 0.027
Proportion women’s land -0.132 -0.168"" -0.017 -0.188"™"
How land acquired (cf. rented)

- Share purchased -0.092° 0.024 -0.125 0.146™
- Share free land -0.104™ -0.014 -0.004 0.079

- Share inherited -0.074 -0.014 0.028 0.148™
Land tenure (cf. customary)

- Share mailo -0.156" -0.005 0.127 0.012

- Share other -0.188" -0.074 0.066 -0.064
PHYSICAL CAPITAL

In(Value of buildings) 0.007 -0.017"" 0.003 -0.001
In(Value of durables) -0.025™" 0.000 -0.007 -0.007
In(Value of livestock) 0.000 0.001 -0.001 0.001
In(Value of equipment) -0.007 0.008 -0.004 -0.006
HUMAN CAPITAL

In(Number of adult equivalent) 0.627"" 0.564"" 0516 0.494™"
Proportion of dependents -0.253™" -0.146~ -0.279° -0.339™
Female household head 0.034 0.102" -0.062 0.002
In(Age of household head) 0.121" 0.166™" 0.134 0.129™
Median education of males 0.010 0.007 -0.001 -0.005
Median education of females -0.008" -0.008 -0.011 -0.004
In(Prop. days lost due to illness) -0.286" 0.036 -0.234 -0.095
ETHNICITY

- Baganda 0.045 -0.147 -0.637 0.049

- Basoga -0.068 -0.159" -0.071 -0.053

- Tteso -0.064 -0.004 0.069 0.175

- Bagisu 0.135" -0.092 -0.676"" -0.109

- Langi 0218 -0.281"" 0.168" 0.132

- Lugbara -0.085 -0.080 -0.036 -0.059

- Ankole -0.028 0.035 -0.155 -0.031

- Bakiga -0.073 -0.044 -0.439™" -0.011

- Banyoro -0.046 0.143 -1.523" 0.004
ACCESS TO INFORMATION/SERVICES

Extension service dummy 0.064 0.133 -0.386 0.309
Market information dummy 0.217 0.430" 0.112 0.076
Loan access dummy 0.196 -0.095 0.472 0.082
Access to markets and transport

High market access dummy -0.071" -0.007 0.080 0.018
Dist. to all weather road (km.) 0.001 0.000 -0.002° -0.0017""
Dist. to truck service (km.) 0.000 0.001 0.001 0.001
Dist. to minibus/taxi service 0.002 0.001 0.002 0.001
Land and labor scarcity

In(Wage rate of men) (Ush/day) -0.042 -0.043 0.021 0.005
In(Population dens.) (#/km?) -0.006 0.046 0.030 0.001
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Table 4--Determinants of labor intensity by region (continued)
Instrumental variables regressions”

Variable Central Eastern Northern Western

Agro-climatic zone

- Unimodal v. low/low/medium -0.031 0.207"" 0.052 0.152"
- Unimodal high 0.060 0.251"" 0.514™" 0.212"
- Bimodal low 0.070 0.093 0.173 0.014

- Bimodal medium -0.024 0.055 0.050 -0.042
Intercept 0.373 -0.251 -0.079 -0.236
Number of observations 990 1146 565 1303

* Instrumental variables used to predict participation in extension, access to market information and use of a
loan include all of the other explanatory variables, plus several community level variables representing
distance and time to the most common market, the location of the nearest market, the common
transportation modes to the nearest market, availability of formal or informal credit, and the sources of
credit.

* ok ok

mean statistical significance at the 10%, 5%, and 1% levels, respectively. Coefficients and standard
errors adjusted for sampling weights and robust to heteroskedasticity.

Labor intensity is decreasing in farm size and proportion of dependents and increasing in
household size in all regions, increasing with age of the household head in three of the
four regions and decreasing in the proportion of land farmed by women in two of the
regions. The effects of other factors on labor intensity, such as access to roads, land
tenure and ethnicity, appear to be more location-specific. For example, households with
better access to an all-weather road use labor more intensively in the western and
northern region (weakly significant at 10 percent level in the northern region), but the
impact of road access is insignificant in the other regions.

Overall, these results indicate the importance of land and labor constraints, labor
opportunity costs, and land quality in determining the labor intensity of crop production.
Poorer communities and households that have smaller land endowments relative to their
labor endowment or less educated females tend to farm more intensively. On the other
hand, households that are wealthier in terms of land value tend to farm more intensively.
Other factors, such as access to information, services, markets and transport were not

found to have large impacts on labor intensity.
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Land Management/Non-labor Inputs

Determinants of land management practices/use of non-labor inputs—including
organic fertilizer, inorganic fertilizer, pesticides, traditional seeds, improved seeds, and

other non-labor inputs—are reported in Tables 5a and 5b.
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Table 5a--Determinants of non-labor input use and amount used (Ush/acre)
(Maximum likelihood Heckman model)

Organic Fertilizer Inorganic Fertilizer Pesticides
Variable Use Amount Use Amount Use Amount
NATURAL CAPITAL
In(Area farmed) 04527 0384 0.522""%  _0.227% 0.6037 R -0.492""®
In(Land value/acre) 0.098""® 0.107 0.019 0.5037""  0.018 0.030
LAND TENURE
In(Years holding land) -0.055 0.050 0.180"" -0.6517 R 20.027 0.012
Proportion women’s land 0.006 -0.716"" -0.078 -0.929 0301} -0.027
How land acquired
- Share purchased 0.047 0211 0749 0.4668 -0.109 0.152
- Share free land 0.019 0.085 -0.469"* 0.450 0.006 0.334
- Share inherited 0.256 0.256 05717 0.447 -0.080 0.254
Land tenure (cf. customary)
- Share mailo 0.284"® 1.0417R 0219 -0.381% 0257} 0.519"%
- Share other 0.235 0.732"* 0.168 -0.080 0.372""% 0.543"®
PHYSICAL CAPITAL
In(Value of buildings) 0.008 0.066""* 0.017 -0.010 -0.003 0.017
In(Value of durables) 0.057 0.127°® 0.030 -0.1147R 0.070"® 0.1867®
In(Value of livestock) 0.0317™  -0.011 0.007 0.011 0.008 0.017
In(Value of equipment) 0.083"® 0.112°% 0.1347®  -0.001 0.102"®  0.076
HUMAN CAPITAL
In(No. of adult equivalent) -0.156 0.152 -0.3637} -0.012 -0.065 0.302
Proportion of dependents 0.026 -0.154 0.274 0.503 -0.099 -0.737"
Female household head 0.188 -0.287 -0.418"* 0.494 -0.202% -0.975"" R
In(Age of household head) -0.194 -0.597® -0.4147R 1.3937 R 0.333"R  _0.599"R
Median education of males 0.038""® 0.056"® 0.028"* -0.013 0.016 -0.010
Median education of females 0.012 0.019 0.025% 0.043° 0.012 0.036
In(Prop. days lost to illness) 0.597"® 0.231 0.302 -1.416" -0.143 -1.6637
ETHNICITY
- Baganda 1.2057® 0.913"® 0.357 NE 0.335"% 0.327
- Basoga -0.451"R -1.6237R% -0.151 NE 0.112 0.036
- Tteso 0912 1,936 -0.870"™  NE 0.558""®  0.104
- Bagisu 0.199 0.093 0.970"" NE 0.251 0.637
- Langi -0.190 0.354 -0.952"%  NE -0.166 -0.618™"
- Lugbara -0.155 -0.312 0.913"™  NE 0.281 0.446
- Ankole -0.026 0.154 -0.305 NE -0.625" -0.090
- Bakiga 0.099 -0.073 0.282 NE -0.604"®  -0.984"
- Banyoro 0.259 0.841 0.263 NE -0.205 0.692"
ACCESS TO
INFORMATION/SERVICES
Extension service dummy 0304 0.130 0.300"" -0.5877" 0.137 -0.021
Market information dummy -0.019 0.092 0.215" 0.335 0.115 0.266"
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Table 5a--Determinants of non-labor input use and amount used (Ush/acre)

(continued)

(Maximum likelihood Heckman model)

Organic Fertilizer Inorganic Fertilizer Pesticides

Variable Use Amount Use Amount Use Amount
Loan access dummy 0.128 0.101 0.214" 0.201 0.100 0.057
Access to markets/transport
High market access dummy 0218 0471 -0.080 -0.218% 0.139" -0.024
Dist. to all weather road (km.) -0.011°"° 0.026 -0.010% -0.028" -0.007"®  -0.008
Dist. to truck service (km.) 0.004 0.005 -0.003 -0.003 0.003 0.003
Dist. to minibus/taxi service 0.005 -0.016 0.005 0.010 -0.009"* -0.003
Land and labor scarcity
In(Wage rate of men) (Ush/day)  -0.025 0.076 0.116 0.542"% 0.013 0267}
In(Population dens.) (#/km?) 0.168"% 0.116 0.123% -0.091 0.118"®* -0.055

Agro-climatic zone
- Unimodal v. low/low/medium ~ -0.483"% 1.134 0.820"® 1.186™ 0.260" -0.454
- Unimodal high -0.347 -0.946 0.217 0.167 0.154 -0.039
- Bimodal low -0.048 -0.429 -0.672"" -0.221 -0.112 -0.248
- Bimodal medium -0.560"™ 09057 -04317%  -0.279 0.091 -0.344"%
Intercept -5.6497% 2114 45957 3182 -3.808" " 3828
Number of observations 4130 4130 4130
Number of uncensored obs. 283 141 370
Test of tobit model restrictions p=0.0000" p=0.0000" p=0.0000"""
Test of independence of first and
second stage equations p=0.0695" p=0.8758 p=0.0043"
Wu-Hausman test of exogeneity
of extension, market information ~ p=0.8406 p=0.0523" p=0.5208
and loan access
Hansen’s J Test of
overidentifying restrictions in p=0.2201 p=0.0572" p=0.0021"

second stage IV models

ERETIETET
PR

mean statistical significance at the 10%, 5%, and 1% levels, respectively, in the Heckman model.

Coefficients and standard errors adjusted for sampling weights and robust to heteroskedasticity.

+, (s -

~) mean the coefficient is positive (negative) and statistically significant at the 10%, 5%, and

1% levels, respectively, in an IV estimation of the second stage of the Heckman model, using only
observations with positive values of the dependent variable. Instrumental variables used to predict
participation in extension, access to market information and use of a loan include all of the other
explanatory variables, plus several community level variables representing distance and time to the most
common market, the location of the nearest market, the common transportation modes to the nearest

market, availability of formal or informal credit, and the sources of credit. The selection bias term (inverse
Mills ratio) was dropped from the second stage I'V regression for inorganic fertilizer because the test of
independence failed to reject independence of the regression model from the selection equation. Dropping
this term had little effect on the IV regression results for inorganic fertilizer.

R means that the coefficient was the same sign and statistically significant at 10% level in a Heckman
model excluding the potentially endogenous variables (participation in extension, market information, and
loan use).

NE — The coefficients of the second stage model for inorganic fertilizer were not fully identified with all of
the explanatory variables included. The model was estimated excluding the ethnicity variables in the
second stage for this input. These variables were jointly statistically insignificant in the second stage IV
regression, with or without the selection correction (p=0.4589 and p=0.5751, respectively).
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Table Sb--Determinants of non-labor input use

(Maximum likelihood Heckman model)

Seeds Improved Seeds Other non-labor inputs
Variable Use Amount Use Amount Use Amount
NATURAL CAPITAL
In(Area farmed) 02107  -0.7217® 04857 -0.859"" R 0.566"® 0.041°
In(Land value/acre) -0.039 0.0817""%  0.056"® 0.083" 0.012 0.077 "R
LAND TENURE
In(Y ears holding land) 0.002 0.002 -0.004 0.054 -0.031 0.063
Proportion women’s land 0.006 -0.077 -0.098 -0.195 -0.124 -0.136™
How land acquired (cf. rented)
- Share purchased 0.081 202517 *  .0.146 -0.098 0.085 0.076™
- Share free land 0.165™  -0.245"R -0.113 -0.308"® 0.011 -0.031
- Share inherited 0.149 03117 * 0,184 -0.202 0.029 -0.113
Land tenure (cf. customary)
- Share mailo 0.393""®  .0.168"® 0.252""*® -0.306" " -0.093 0.121
- Share other 0.322"%  -0.219 0.068 -0.072 -0.087 0.528"®
PHYSICAL CAPITAL
In(Value of buildings) 0.017®  0.009 0.000 0.006 0.013 0.031"""%
In(Value of durables) 0.002 0.0477"% 0.022 -0.014° 0.033 0.040""
In(Value of livestock) 0.009™®  0.005 0.009" 0.002 0.019"" 0.009"""
In(Value of equipment) 0.012 0.037°% 0.068"® 0.007 -0.016 0.028
HUMAN CAPITAL
In(Number of adult equivalent) -0.032 0.114" -0.039 0.096" -0.029 0.079
Proportion of dependents 0.032 -0.083 -0.008 -0.545"® 0.258 -0.090"
Female household head -0.034 0.091" -0.101 -0.241 0.017 -0.154"
log(Age of hh. head) 0.025 -0.058" 0425 0.070 -0.151 -0.193"
Median education of males 0.026"™ 0.002 0.026"™® 0.009 0.060""® 0.079"" R
Median education of females -0.013 0.010 0.027"® 0.006 0.020 0.016™
In(Prop. days lost due to illness) 0.781""%  -0.250 -0.106 0.114 0.469* 0.122*"
ETHNICITY
- Baganda -0236™®  -03377R -0.060 04937 216957 10.245”
- Basoga 0.6097®  -0.279"® -0.136 0.318" 0.138 0.092*"
- Tteso 0.302"%  -0.201 -0.444"* 0.185" 0.756""® 0.120"
- Bagisu -0.069 -0.102 0.829""® 0565 -0.380"" -0.532" R
- Langi 0.148 -0.194 0.040 -0.609"* 0.354"® 0.046"
- Lugbara -0.197 0.243 0.412"* 0.214 0.198 0.369"""
- Ankole -0.070 0266 .0.900""® 0.012 40924} 0.321°
- Bakiga 0.006 0.529™""*R 0,906 0.487" 11177 0.238~
- Banyoro -0.240™ 0239} -1.0237"R 0.621" -0.383" -0.481~
ACCESS TO INFORMATION/
SERVICES
Extension service dummy 0.024 0.026 0485 0318 0.245 0.030
Market information dummy 0.103" 0.016 0.198™" -0.032 -0.162" -0.034~
Loan access dummy -0.091 0.075 0.086 -0.037 0.004 0.043
Access to market and transport
High market access dummy 0.144™%  -0.009 0.081 -0.354™* .0.076 -0.046
Dist. to all weather road 0.000 0.001 -0.005 0.005" -0.002 -0.004~
Dist. to truck service 0.000 0.000 -0.002 0.000 0.007""® 0.007" "R
Dist. to minibus/taxi service -0.001 0.001 0.001 0.006 -0.003 0.005"
Land and labor scarcity
In(Wage rate of men) 0.153®  0.019 0.043 -0.054° 0.020 0111
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Table Sb--Determinants of non-labor input use
(Maximum likelihood Heckman model)

Seeds Improved Seeds Other non-labor inputs
Variable Use Amount Use Amount Use Amount
In(Population dens.) -0.025 0.051 0.072°% -0.007" 02037k 0.034""

Agro-climatic zone

- Unimodal v. low/low/medium -0.197" 0.009 0.240" -0.321° 0.275" 0.294"
- Unimodal high -0.098 -0.013 0.713""® 0.193 0.861""" 0.984"" R
- Bimodal low 0.174™®  0.105 -0.111 0.648"} -0.439° 0.441°
- Bimodal medium -0.099 0.096 -0.091 0.016 0.463""® 0.407""
Intercept -1.134™ 72847 R 9 506" 10.055" % .3.800""" 4376 R
Number of observations 4130 4130 4130
Number of uncensored obs. 3001 731 469
Test of tobit model restrictions p=0.0000" p=0.0000" p=0.0000"
Test of independence of first and
second stage equations p=0.0000" p=0.0016" p=0.0002"
Wu-Hausman test of exogeneity of
extension, market information and  p=0.2053 p=0.0001" p=0.0140""

loan access

Hansen’s J Test of overidentifying

restrictions in second stage IV p=0.0048""" p=0.0009"" p=0.0001""
models

*

EREIRETTT
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mean statistical significance at the 10%, 5%, and 1% levels, respectively, in the Heckman model.
Coefficients and standard errors adjusted for sampling weights and robust to heteroskedasticity.

£ E =) mean the coefficient is positive (negative) and statistically significant at the 10%, 5%, and
1% levels, respectively, in an IV estimation of the second stage of the Heckman model, using only
observations with positive values of the dependent variable. Instrumental variables used to predict
participation in extension, access to market information and use of a loan include all of the other
explanatory variables, plus several community level variables representing distance and time to the most
common market, the location of the nearest market, the common transportation modes to the nearest
market, availability of formal or informal credit, and the sources of credit.

R means that the coefficient was the same sign and statistically significant at 10% level in a Heckman
model excluding the potentially endogenous variables (participation in extension, market information, and
loan use).
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In all cases, the tobit model restrictions were strongly rejected, so we report the results of
the less restrictive Heckman selection model. The signs and statistical significance of
results of the IV estimation of the second stage regressions are also reported in Tables Sa
and 5b. In almost all cases (except inorganic fertilizer), the selection and regression
equations were found to be non-independent, thus requiring correction for the selection
bias in the I'V estimation of the second stage regression. For inorganic fertilizer, we
excluded the selection correction in the IV estimation of the second stage regression
(since this was insignificant), as well as the ethnicity variables, which were found to be
jointly statistically insignificant (p=0.46).

In several cases, the IV second stage results corroborate the Heckman model
results; however in most cases the IV results are statistically insignificant, reflecting
problems in identification of the IV model. This is probably due to the relatively small
sample size of most of the second stage regressions (which include only positive
observations of the input). The Wu-Hausman test fails to reject exogeneity (at 10 percent
level) of the extension, market information and loan variables in three of the regressions
(for organic fertilizer, pesticides, and traditional seeds), so the Heckman model (which
treats these as exogenous) is preferred in these cases. Although the Wu-Hausman test
rejects this model for the other inputs, the overidentification test is also rejected,
undermining our confidence in the I'V results for those inputs as well. We also report the
robustness of the signs and significance of the coefficients in the Heckman models when
the potentially endogenous explanatory factors are excluded. The results of the Heckman
models are robust to this exclusion in almost all cases, giving us confidence in the

Heckman model results, since they are not much affected by the presence of potentially
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endogenous explanatory variables. We thus discuss only the robust Heckman model
results.

Larger farms are more likely to use all land management practices/non-labor
inputs. However, the intensity of use of most of these inputs per acre (organic fertilizer,
pesticides, seeds, and improved seeds) is lower for larger farms, considering farms that
are using such inputs. The net effect of farm size is thus mixed.

Higher land value increases the likelihood of using organic fertilizer and
improved seeds, and the intensity of use of inorganic fertilizer, traditional and improved
seeds, and other non-labor inputs. As with labor intensity, the marginal return of
investing in non-labor inputs appears to be increased by higher land quality.

Land tenure factors have impacts on use of some inputs. The likelihood and
amount of organic fertilizer and pesticide use is greater for households who have a larger
share of mailo land (compared to land under customary tenure). Households with a
larger share of land under other tenure (freehold or leasehold) also use more organic
fertilizer, pesticides, and other non-labor inputs. Households that have rented a larger
share of their land are more likely to use inorganic fertilizer and use more seeds per acre
than households that own land acquired through purchase, inheritance, or gift. This
suggests that renters substitute non-labor inputs for labor (recall the finding that renters
use labor less intensively). Households with a higher proportion of land operated by
women use less organic fertilizer and less pesticides, possibly due to labor and cash
constraints facing women farmers.

Ownership of physical assets also affects land management. Households with

more assets in the form of buildings use more organic fertilizer and other non-labor



47

inputs, and are more likely to use traditional seeds. Households with more durable goods
use more organic fertilizer but less inorganic fertilizer, more pesticides and traditional
seeds. Households with more livestock are more likely to use organic fertilizer,
traditional seeds and other non-labor inputs. Households with more equipment are more
likely to use organic fertilizer, inorganic fertilizer, pesticides and improved seeds, and use
larger amounts per acre of organic fertilizer and traditional seeds. In general, ownership
of physical assets promotes use of non-labor inputs, though the mechanisms by which
this occurs are not fully clear. That livestock ownership promotes organic fertilizer use is
likely due to the resulting availability of manure. Ownership of buildings, durable goods
(such as a cart or a bicycle) and equipment may facilitate storage, transport and
application of organic fertilizer. Similarly, durable goods and equipment may facilitate
acquisition and use of pesticides and seeds. It is not clear why ownership of durable
goods is associated with less use of inorganic fertilizer, however.

Human capital also affects land management. Larger households are less likely to
use inorganic fertilizer, perhaps due to cash constraints. Households with a larger share
of dependents use less improved seeds, possibly for a similar reason. Female-headed
households are less likely to use inorganic fertilizer and pesticides, and use smaller
amounts of pesticides per acre than male-headed households, possibly also due to cash
constraints or differences in knowledge about these technologies. Older household heads
are less likely to use inorganic fertilizer, pesticides, and improved seeds, perhaps also
because they are less aware of such modern technologies or more used to using
traditional technologies. However, among households that use inorganic fertilizer, older

household heads use it more intensively, suggesting that once their knowledge barrier or
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reluctance to use this technology is overcome, older farmers are willing and able to use
inorganic fertilizer intensively. By contrast, older household heads use organic fertilizer
less intensively; perhaps because they substitute inorganic fertilizer for it. Older heads
also use pesticides less intensively, perhaps because they are better able to control pests
using traditional means such as crop rotation.

Households with more educated males are more likely to use several technologies,
including organic fertilizer, inorganic fertilizer, traditional seeds, improved seeds, and
other non-labor inputs; and they use organic fertilizer and other non-labor inputs more
intensively when used. By contrast, female education has limited impact on any of these
inputs. Male education thus appears to be a very important factor influencing land
management, probably by increasing awareness and ability to use new technologies, and
possibly also by increasing households’ income and ability to purchase inputs.

Households with more days lost due to illness are more likely to use organic
fertilizer, traditional seeds, and other non-labor inputs, but use inorganic fertilizer and
pesticides less intensively. Such households may be attempting to compensate for labor
and cash constraints by using other traditional inputs to a greater extent.

Access to information and services also appears to affect use of some inputs
(though these results are not robust). Households with access to extension were more
likely to use organic fertilizer, inorganic fertilizer, improved seeds, or other non-labor
inputs. However, among households using these inputs, intensity of use of inorganic
fertilizer and improved seeds was lower for households with access to extension,
suggesting that extension may be encouraging some farmers to try these inputs, but is not

enabling or encouraging farmers to use them at a rate comparable to farmers who have
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adopted such inputs on their own. Access to market information is also associated with a
higher probability of using inorganic fertilizer and improved seeds, but lower probability
of using other non-labor inputs. Not surprisingly, use of credit is also associated with
greater use of inorganic fertilizer.

Access to markets, roads and transportation has mixed impacts on land
management. Households in higher market access areas are more likely to use organic
fertilizer and use it more intensively, probably because the returns to using such inputs
are higher in these areas. In higher market access areas, households also are more likely
to use pesticides and traditional seeds but use less improved seeds. Perhaps this is due to
the fact that improved seeds are used mainly for cereals, which are not favored by better
market access (see discussion of crop choice below). Households closer to an all-weather
road are more likely to use organic fertilizer and pesticides, and use inorganic fertilizer
more intensively when they use it. Households closer to minibus or taxi service also are
more likely to use pesticides. By contrast, households closer to truck service use less
other non-labor inputs. Better access to markets, roads and/or transportation appear to
promote use of some inputs, such as fertilizer and pesticides, but reduce use of others,
such as improved seeds and other non-labor inputs.

Land and labor scarcity also influence land management. The amounts of
inorganic fertilizer and pesticides used per acre are greater in communities where wage
rates are higher, possibly because higher wage rates leads to higher off-farm incomes,
thus enabling farmers to finance purchase of these inputs. The probability of using
traditional seeds is also higher where wage rates are higher, though the reason is not

clear. The probability of using organic fertilizer, pesticides, improved seeds and other
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non-labor inputs is greater in communities with higher population density. This suggests
that resource constraints promote intensification of complementary non-labor inputs as
well as labor use, consistent with Boserup’s (1965) theory.

There are also significant differences in land management across different ethnic
groups and different agro-climatic zones. Overall, many factors influence land
management practices and use of non-labor inputs, in complex ways. It is difficult to
summarize such a complex set of results, though it appears that the value of land and
other assets, male education, access to information and services, access to markets, roads
and transport, higher wages and population pressure all contribute to intensification of
land management in various ways, though not all impacts are uniformly positive or as
expected.

Crop Choice

The regression results for determinants of crop choice, using two-limit tobit
models, are reported in Table 6.

Table 6--Determinants of Crop Choice (Annuals Only) (share of area)
Interval regressions

Cereals Legumes Root Crops Cereals/ Legumes/
Variable Legumes Root crops
NATURAL CAPITAL
In(Area farmed) 0.0081 0.0473""® -0.0544""% -0.0204 0.0030
In(Land value/acre) -0.0199™"} -0.0033 -0.01117"} -0.0092 -0.0095
LAND TENURE
In(Years holding land) -0.0160 0.0223"®} -0.0040 -0.0212"} 0.0284"%
Proportion women’s land -0.0284 0.0341 0.0062 -0.0243 0.0216
How land acquired (cf. rented)
- Share purchased 0.0053 -0.0471"% -0.0030 -0.0470 -0.0401
- Share free land -0.0152 -0.0035 -0.0217 -0.0620""} -0.0121
- Share inherited 0.0019 -0.0058 0.0243 -0.0726™"®} -0.0137
Land tenure (cf. customary)
- Share mailo -0.1112""* -0.0830""  -0.0298""} 0.0443"R -0.0016
- Share other -0.0992""R -0.0296 -0.0407"R 0.0844"R -0.0888
PHYSICAL CAPITAL
In(Value of buildings) 0.0015 -0.0024 -0.0015 -0.0037 0.0042
In(Value of durables) -0.0088"® -0.0052 0.0061"® -0.0065 -0.0004
In(Value of livestock) 0.0014 -0.0001 -0.0015™ 0.0039""* 0.0066"""*
In(Value of equipment) 0.0042 0.0102"® -0.0001 0.0065 -0.0041

HUMAN CAPITAL
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Table 6--Determinants of Crop Choice (Annuals Only) (share of area) (continued)

Interval regressions

Cereals Legumes Root Crops Cereals/ Legumes/
Variable Legumes Root crops
In(No. of adult equivalent) 0.0297 0.0116 0.0224" -0.0223 0.0512
Proportion of dependents 0.0067 -0.0080 -0.0264 -0.0014 -0.0664
Female household head 0.0294 0.0132 -0.0119 -0.0004 -0.0226
In(Age of household head) 0.0012 -0.0182 0.0052 0.0123 -0.1698™" R
Median educ. of males -0.0009 0.0022 0.0006 0.0090""® 0.0030
Median educ. of females -0.0038"R -0.0001 0.0004 -0.0019 0.0001
In(Prop. days lost to illness) -0.1344™"R 0.0329 -0.0143 -0.0058 0.2174"%
ETHNICITY
- Baganda -0.4487""R -0.0953" % .0.0039 -0.2243"™"R 0.0764
- Basoga -0.0236 201762 -0.0424"% 0.1639""% -0.4959""%
- Tteso 0.2969"""% 0.0045 -0.0080 -0.1904™"® -0.4004""®
- Bagisu -0.1313""® -0.0698"% -0.2199""* -0.0101 02715
- Langi -0.0791™® 0.1086""® -0.0477" 0.1635""% 0.1106™
- Lugbara 0.0039 0.0402 -0.0320 -0.0728 0.4519"™"%
- Ankole -0.0288 0.0980""®  -0.1148""R -0.0663"} -0.2728"""R
- Bakiga 0.0083 0.2008""} 0.0182 0.0790""} -0.1185™R
- Banyoro -0.3011""R 0.0690"} 0.0783""R -0.0191 0.0061
ACCESS TO INFORMATION/SERVICES
Extension service dummy 0.0050 0.0029 0.0114 0.0244 0.0277
Market information dummy -0.0083 -0.0181 0.0205™ 0.0142 -0.0406"
Loan access dummy -0.0242" 0.0000 0.0068 -0.0065 -0.0020
Access to markets/transport
High market access dummy -0.0226 0.0230"% -0.0269""} 0.0157 -0.0838""" R
Dist. to all weather road (km.) -0.0005 0.0013"®} 0.0004 0.0012"} 0.0003
Dist. to truck service (km.) 0.0008} 0.0005 -0.0003 0.0024""} -0.0029""}
Dist. to minibus/taxi service -0.0010 -0.0004 0.0005 0.0006 0.0031""}
Land and labor scarcity
In(Wage rate of men) (Ush/day) -0.0183 0.0103 0.0031 0.0008 0.0064
In(Population dens.) (#/km?) -0.0172 -0.0166™ 0.0004 0.0287""% 0.0187

Agro-climatic zone

- Unimodal v. low/low/medium -0.1117""% 0.1205""% 0.0366™® -0.0545 0.1935""R
- Unimodal high -0.2292""R -0.1652"  .0.1610""} 0.1491""% -0.1663 "
- Bimodal low -0.0497"R 0.0084 -0.0328"R 0.0710""R 0.2147""%
- Bimodal medium -0.0039 -0.0193 0.0103 0.0083 0.0993"""R
Intercept 071117 -0.0418 036107 0.0587 0.1571
Number of observations 4130 4130 4130 4130 4130
Number left-censored 1902 2263 791 1952 3173
Number right-censored 32 22 22 57 36
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errors adjusted for sampling weights and robust to heteroskedasticity.
R means that the coefficient was the same sign and statistically significant at 10% level in a Heckman
model excluding the potentially endogenous variables (participation in extension, market information, and

loan use).

mean statistical significance at the 10%, 5%, and 1% levels, respectively. Coefficients and standard

We focus only on determinants of annual crop choice, because perennial crop

choice decisions may not have been made in the year of the survey; hence the values of

most of the explanatory variables may have been determined after the perennial crop

choice and could be endogenous. Unlike the analysis reported in Tables 5a and 5b, we
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could not implement I'V regressions to address the potential endogeneity of the extension,
market information and loan use variables, because of the nature of the regression model.
However, we still report the robustness of the results to exclusion of the potentially
endogenous variables from the model. In almost all cases, the statistically significant
results are robust to excluding these variables, indicating that any endogeneity bias is not
having a major impact on our conclusions.

Natural capital influences crop choice. Larger farms plant a larger proportion of
their area to legumes and less to root crops, possibly because root crops are more for
subsistence purposes. Farmers having higher value land grow a smaller proportion of
cereals or root crops compared to perennials or perennial/annual crop mixes (which are
the excluded categories of crop mixes).

Land tenure also influences crop choice. Households that have held their land for
a longer period plant less cereals/legumes and legumes/root crops mixes, and more
legumes in pure stands. Perhaps more farming experience leads to more market oriented
and specialized legume production. However, legumes are planted less on purchased
than rented land, perhaps because legumes can yield sufficient profit in a short term to
pay the land rent. Cereals/legumes mixes are planted less on inherited or other gift land
than rented land, perhaps for the same reason. Cereals, legumes and root crops (in pure
stands) are planted less on mailo land than on customary land while cereals/legumes
mixed cropping is more common on mailo land. Cereals and root crops in pure stands
are also less common on other (freehold or leasehold) tenure than on customary, and

cereals/legumes more common. The reasons for these associations are not clear.
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Asset ownership also influences crop choices. Households owning more durable
goods plant less cereals and more root crops. Households with more livestock plant less
root crops and more cereals/legumes and legumes/root crop mixes. Households with
more equipment plant more legumes in pure stands. The reasons for these associations
are also not completely clear. The association of livestock with cereals and legumes
rather than root crop production may be because of complementarities between livestock
and cereal/legume production (e.g., due to the fodder value of residues of cereals and
legumes, and the usefulness of oxen in preparing fields for these row crops). The
association of equipment and legume production in pure stands may be related to
equipment used to spray legumes with pesticides.

Human capital also influences crop choices. Older household heads are less
likely to grow mixed legumes/root crops. Households with more educated males are
more likely to grow cereals/legumes, while households with more educated females are
less likely to grow cereals in pure stands. The latter result may relate to the labor
intensity of cereal production and higher labor opportunity costs of educated women.
Such labor considerations may also explain why households with more days lost to
illness plant less cereals. These households plant more legumes and root crops, perhaps
as a coping mechanism to deal with food security needs by planting less labor demanding
crops (such as cassava).

We find few significant impacts of access to information and services on crop
choice. Households with access to market information plant more root crops in pure
stands and less legumes/root crop mixes. Perhaps such households are specializing more

in producing root crops for the market as a result of access to market information.
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Market, road and transportation access have mixed impacts on crop production.
Households in areas of higher market access plant more legumes in pure stands and less
root crops or legumes/root crop mixes. Thus, better market access appears to foster crop
specialization. On the other hand, households further from an all-weather road plant
more legumes in pure stands and more cereal/legumes in mixed stands. Households
further from truck service plant more cereals in pure stands and more cereal/legume
mixes, but less legume/root crop mixes. Households further from minibus or taxi service
plant more legume/root crop mixes. We do not have a simple explanation for these
mixed results.

We do not find a significant impact of local wage rates on crop choice. However,
we do find significant impacts of population density, with less planting of legumes in
pure stands and more planting of cereals/legumes mixed stands in more densely
populated areas. Population pressure appears to foster mixed cropping, perhaps because
of subsistence constraints.

Not surprisingly, crop choice is strongly affected by ethnicity, reflecting different
food preferences and agricultural experience of different ethnic groups. There are also
strong differences across the agro-climatic zones in crop choice.

As for the results on determinants of land management, these results on
determinants of crop choice are difficult to summarize. Many factors influence crop
choice, especially ethnicity and agro-climatic factors, but natural capital, land tenure,
physical capital, access to markets, roads and transportation, and population pressure also

influence crop choice in complex ways.
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The OLS and IV estimation results for determinants of value of crop production

per acre (reduced form, as in equation (6)) are presented in Table 7.

Table 7--Determinants of value of crop production per acre and income per capita
Ordinary least squares (OLS) and instrumental variables (IV) regressions

Variable

NATURAL CAPITAL

In(Area farmed)

In(Land value/acre)

LAND TENURE

In(Years holding land)
Proportion women’s land
How land acquired (cf. rented)
- Share purchased

- Share free land

- Share inherited

Land tenure (cf. customary)

- Share mailo

- Share other

PHYSICAL CAPITAL

In(Value of buildings)
In(Value of durables)
In(Value of livestock)
In(Value of equipment)
HUMAN CAPITAL

In(Number of adult equivalent)
Proportion of dependents
Female household head
In(Age of household head)
Median education of males
Median education of females
In(Prop. days lost due to illness)
ETHNICITY

- Baganda

- Basoga

- Iteso

- Bagisu

- Langi

- Lugbara

- Ankole

- Bakiga

- Banyoro

ACCESS TO INFORMATION/SERVICES
Extension service dummy
Market information dummy
Loan access dummy

In(Crop Production (Ush/acre)) In(income/capita
(Ush/person))
OLS v? OLS v*
-0.527""® -0.475™" 0.396""® 0.446™"
0.085"® 0.098"" 0.086""® 0.087""
0.013 0.013 -0.028™® -0.018
-0.144™"R -0.035 -0.022 0.023
0.052 0.124 -0.018 0.020
0.022 0.135 -0.037 -0.004
0.044 0.024 -0.034 -0.0003
0.014 -0.043 0.020 0.063
-0.140" -0.027 -0.058 -0.046
0.021""R 0.014 0.032""R 0.032"
0.047""R 0.009 0.073"™"R 0.068""
0.015™R 0.011" 0.004® 0.003
0.030"R -0.001 0.062""R 0.053™"
0.127""R 0.070 0.411™R 0377
0.133® 0.090 -0.017 0.036
-0.138"® -0.102 -0.036 -0.024
-0.101™ 0.085 -0.012 0.002
0.015™® 0.006 0.025™"® 0.022""
0.000 -0.006 0.022""® 0.016™
0.177° 0.006 -0.056 -0.119
0.165"® 0.189 0.281""R 0.349™
0.309""® -0.019 -0.043 -0.022
-0.182" -0.172 -0.334™"R -0.466""
0.011 0.172 -0.047 -0.023
-0.252""R -0.110 -0.480""® -0.442"""
0.253" 0.555"" 0.182""R 0.154
0.168""® 0.016 0.135™"R 0.034
0.157""® 0.059 0.076"® -0.023
0.144" 0.175 0.014 -0.057
0.008 -1.035 0.057 0.013
0.066" 0.372 -0.031 -0.391
0.099™" 2.152™ 0.042" 0.526
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Table 7--Determinants of value of crop production per acre and income per capita
Ordinary least squares (OLS) and instrumental variables (IV) regressions

In(Crop Production (Ush/acre)) In(income/capita
Variable (Ush/person))
Access to markets and transport
High market access dummy -0.023 0.025 0.012 0.024
Dist. to all weather road (km.) -0.002 -0.001 0.002 0.0003
Dist. to truck service (km.) -0.001 -0.003" -0.001* 0.0001
Dist. to minibus/taxi service 0.000 0.002 0.002% 0.002
Land and labor scarcity
In(Wage rate of men) (Ush/day) 0.070"® 0.100° 0.085 "} 0.027"
In(Population dens.) (#/km?) 0.034 -0.009 0.012 0.006
Agro-climatic zone
- Unimodal v. low/low/medium -0.351""} -0.369™" 0.054 0.048
- Unimodal high 0213 0.343" 0.335""® 0.237"
- Bimodal low 0.085" 0.024 0.066" 0.051
- Bimodal medium -0.077" 0.039 -0.021 -0.030
Intercept 9.752""R 9.427" 9.102""R 9.267""
Number of observations 4141 4015 4103 3981
R’ 0.297 0.504
Wu-Hausman test of exogeneity of
extension, market information, loan 0.007"" 0.000™"
variables
Hansen’s J test of overidentifying 0.201 0.072"
restrictions

? Instrumental variables used to predict participation in extension, access to market information and use of a
loan include all of the other explanatory variables, plus several community level variables representing
distance and time to the most common market, the location of the nearest market, the common
transportation modes to the nearest market, availability of formal or informal credit, and the sources of
credit.
™" mean statistical significance at the 10%, 5%, and 1% levels, respectively. Coefficients and standard
errors adjusted for sampling weights and robust to heteroskedasticity.

R means that the coefficient was the same sign and statistically significant at 10% level in an OLS model
excluding the potentially endogenous variables (participation in extension, market information, and loan

use).

The Wu-Hausman test rejects the hypothesis of exogeneity of the extension, market
information and loan variables, while the IV model passes the test of overidentifying
restrictions. Thus, IV is the preferred model. However, the IV model appears to be
poorly identified, resulting in many statistically insignificant results (of similar
magnitude as in the OLS model). Almost all of the OLS results are robust in both

versions of the OLS model (with and without the endogenous explanatory variables). We
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focus on results of the IV model, but also discuss those that are significant in both
versions of the OLS model.

Larger farms have lower crop production per acre. This is consistent with our
earlier finding that larger farms use labor less intensively and use several non-labor
inputs less intensively (when such inputs are used at all). This finding is also consistent
with findings of Nkonya, et al. (2004), who also found such an inverse relationship in
Uganda, and with a large body of literature showing an inverse relationship between
farm-size and farming intensity and crop production in developing countries (e.g., Lamb
2003; Heltberg 1998; Barrett 1996; Benjamin 1995; Bhalla 1988; Feder 1985; Carter
1984; Berry and Cline 1979; Sen 1975; Bardhan 1973; Chayanov 1966). As mentioned
previously, this suggests that land and labor market imperfections limit households’
ability to equalize land/labor ratios and yields (Feder 1985). However, other
explanations, including insurance market failure (Barrett 1996)), variations in land
quality (Sen 1975; Bhalla 1988; Benjamin 1995), and errors in measuring farm size
(Lamb 2003) could also be responsible for the inverse relationship. The use of land value
per acre as an imperfect proxy for land quality in our regressions suggests that omitted
land quality characteristics could be influencing the results. Further research would be
necessary to settle this issue definitively.

Not surprisingly, the value of production is higher on higher value farmland,
indicating that land values reflect higher soil quality, better climate, or other locational
advantages leading to greater profitability of crop production. This is consistent with the

fact that several inputs are used more intensively on higher value land.
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The value of crop production per acre is higher for households who own more
livestock. This is consistent with findings of Nkonya, et al. (2004) and indicates that
livestock and crop production are complementary. This is probably in part because of the
benefits of manure in increasing soil fertility, but the value of animals for plowing (where
used), threshing, and transporting produce also may contribute.

Households with access to credit have significantly higher value of crop
production per acre. This indicates that credit access is an important constraint affecting
the potential for increased agricultural productivity and modernization in Uganda.

Access to markets and roads have surprisingly limited impacts on the value of
crop production in the regression using the full sample."* However, we do find
significant impacts of these variables in separate regressions for some regions (discussed
below). Households that are closer to truck service obtain slightly higher value of crop
production (result weakly statistically significant at 10 percent level).

Higher wage rates are also associated with higher value of crop production. This
may be because off-farm employment opportunities and income enable households to
purchase inputs such as fertilizer and pesticides, as noted previously.

Not surprisingly, agro-climatic conditions affect the value of crop production per
acre, which is highest in the high potential unimodal high rainfall zone and lowest in the
unimodal very low, low and medium rainfall zones.

Other factors, including land tenure, other assets besides livestock, human capital,
access to extension, market information, and ethnicity have limited impacts on crop

production per acre in the [V regression, though many of these are significant and robust

" Multicollinearity is not a major factor contributing to these insignificant results. The variance inflation
factors are 1.35 for the market access variable and 1.08 for the distance to road variable, indicating that
multicollinearity had relatively small impacts on the variance of the coefficients.
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in the OLS regressions. Among these are the proportion of land operated by women
(negative impact), ownership of buildings, durable goods and equipment (positive
impacts), household size and proportion of dependents (positive), female-headed
household (negative), age of household head (negative), median education of males
(positive), and ethnicity (numerous significant effects). These factors also appear to be
important in affecting crop production per acre, and their impacts are generally consistent
with the impacts of these variables on labor and non-labor input use, as reported
previously.

As with labor intensity, the determinants of crop production per acre vary
significantly across the regions of Uganda.'* The results of IV regressions of the
determinants of crop production by region are reported in Table 8. Some factors have
fairly consistent impacts across the regions.

Table 8--Determinants of Crop Production per Acre by Region (reduced form)
Instrumental variables regressions”

Variable Central Eastern Northern Western
NATURAL CAPITAL

In(Area farmed) -0.554™" -0.401"" -0.445™" -0.587""
In(Land value/acre) 0.094™" 0.072"" 0.030 0.063"
LAND TENURE

In(Years holding land) 0.029 0.010 -0.071 0.096"
Proportion women’s land 0.028 -0.100 -0.202 -0.121
How land acquired (cf. rented)

- Share purchased -0.035 -0.033 0.041 0.324"
- Share free land 0.028 -0.184" 0.243 0.252""
- Share inherited 0.247 -0.064 0.095 0.205"
Land tenure (cf. customary)

- Share mailo 0.192 0.033 -0.048 -0.142

- Share other -0.007 0.054 0.004 -0.216
PHYSICAL CAPITAL

In(Value of buildings) 0.007 0.025 0.027 0.024™
In(Value of durables) 0.021 0.019 0.002 0.043""
In(Value of livestock) 0.006 0.015" 0.030™" 0.0117
In(Value of equipment) 0.033 0.039 0.013 0.024

' Chow test p value = 0.0000.
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Table 8--Determinants of Crop Production per Acre by Region (reduced form)

Instrumental variables regressions”

Variable Central Eastern Northern Western

HUMAN CAPITAL

In(Number of adult equivalent) 0.021 0.126 0.077 0.091

Proportion of dependents 0.345" 0.215 -0.008 0.161

Female household head 0.070 0.062 -0.813"™ -0.124

In(Age of household head) -0.009 0.001 0.087 -0.179"

Median education of males -0.005 0.017 0.057"" -0.005

Median education of females -0.008 -0.011 -0.003 0.008

In(Prop. days lost due to illness) -0.270 0.022 0.311 0.208

ETHNICITY

- Baganda 0.172 0.511 1.171 0.029

- Basoga 0.218 0.547" 1.2817 0.236

- Iteso -0.807"" -0.319" 0.053 -0.716"

- Bagisu 0.099 0.229 -0.036 0.037

- Langi -0.249 -0.320 -0.105 -0.576™"

- Lugbara 0.246 0.515" 0.471° -0.097

- Ankole -0.065 -0.429 1.030 0.062

- Bakiga 0.157 0.126 -0.002 0.040

- Banyoro -0.155 0.588" 4667 -0.112

ACCESS TO INFORMATION/SERVICES

Extension service dummy 0.660 -0.007 -0.894 -0.114

Market information dummy -0.059 -0.574 -0.256 -0.007

Loan access dummy 1.110" 0.300 0.416 0.834"

Access to markets and transport

High market access dummy 0.216" -0.047 -0.139 0.073

Dist. to all weather road (km.) -0.004 -0.004™ -0.003 -0.005™

Dist. to truck service (km.) 0.005" 0.003 -0.002 -0.007"

Dist. to minibus/taxi service -0.002 0.002 -0.006 -0.001

Land and labor scarcity

In(Wage rate of men) (Ush/day) 0.066 0.113 0.005 0.096

In(Population dens.) (#/km?) -0.058 -0.051 0.2517 -0.12177
Agro-climatic zone

- Unimodal v. low/low/medium -0.263 -0.387" -0.225 0.462""

- Unimodal high 0.473" -0.017 0.228 0.546""

- Bimodal low 0.035 -0.121 0.234 0.012

- Bimodal medium -0.002 -0.262 0.113 -0.080

Intercept 9.945™" 9.955"" 9530 10.838™"

Number of observations 990 1146 565 1303

? Instrumental variables used to predict participation in extension, access to market information and use of a
loan include all of the other explanatory variables, plus several community level variables representing

distance and time to the most common market, the location of the nearest market, the common

transportation modes to the nearest market, availability of formal or informal credit, and the sources of

credit.

sk koK skokok
PR

errors adjusted for sampling weights and robust to heteroskedasticity.

mean statistical significance at the 10%, 5%, and 1% levels, respectively. Coefficients and standard
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For example, there is a statistically significant and quantitatively strong inverse
relationship between farm size and crop production per acre in every region. Land value
per acre has a positive impact on crop production in three of the four regions, livestock
ownership has a positive impact in three regions, female-headed households have lower
production in two regions, loan use has a positive impact in two regions, better access to
an all-weather road has a positive impact in two regions (Eastern and Western), and
several ethnicities have similar qualitative impacts in more than one region. Several
other factors, such as land tenure, age of household head, education of males, market
access, access to truck service and population density appear to be more region-specific
in their impacts. For example, higher market access is associated with significantly
higher value of crop production only in the Central Region.

In addition to estimating the determinants of crop production per acre in reduced
form, we also estimated the structural model for crop production (equation (1)). For this
model, inputs and crop mix were included as endogenous explanatory variables, and
several variables included in the reduced form were excluded, based on joint statistical
hypothesis tests (i.e., most land tenure variables, several human capital variables, access
to extension and market information, and all of the access to market, roads and transport
variables). These variables do not affect crop production directly, when controlling for
input use and crop mix, though they may affect it indirectly, by affecting these decisions
(as reflected in the reduced form models previously discussed). Estimation of the
structural model is used to identify the direct impacts of farmers’ decisions about input

use/land management and crop choice.
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The Wu-Hausman test fails to reject exogeneity of the farmer decision variables
in equation (1) (Table 9). However, the test of overidentifying restrictions rejects these
restrictions in the IV model. This means that both the OLS and IV models may be
incorrectly specified (Davidson and MacKinnon 2004). Thus, we are not confident in
the results of either model. Nevertheless, we discuss the significant results of the OLS
model, but keeping this caveat in mind.

Table 9--Determinants of crop production per acre (structural model) (In(Ush/ha.))
Ordinary least squares (OLS) and instrumental variables (IV) estimation

Variable OLS v?
INPUTS

LABOR (LN(PERSON-DAYS/ACRE)) 0207 -0.428
ORGANIC FERTILIZER (LN(USH/ACRE)) -0.007 0.020
INORGANIC FERTILIZER (LN(USH/ACRE)) 0.036 0.048
PESTICIDES (LN(USH/ACRE)) 0.004 -0.144
TRADITIONAL SEEDS (LN(USH/ACRE)) 0.029 -0.086
IMPROVED SEEDS (LN(USH/ACRE)) 0.018 0.014
OTHER NON-LABOR INPUTS (LN(USH/ACRE)) 0.009"" 0.042
CROP MIX (CF., CEREALS)

- MATOOKE 03117 1.980
- LEGUMES -0.206" -0.110
- ROOT CROPS 0.042 0.483
- COFFEE 0.349™" 0.889
- CEREALS/LEGUMES -0.056 1.747
- MATOOKE/COFFEE 0.459™" 2.986
- LEGUMES/ROOT CROPS 0.196" 3.040
- MATOOKE/LEGUMES 0.133" 0.066
NATURAL CAPITAL

In(Area farmed) -0.4917" -0.734
In(Land value/acre) 0.065" 0.066
LAND TENURE

Proportion women’s land -0.110” -0.144
PHYSICAL CAPITAL

In(Value of buildings) 0.021°7 0.022
In(Value of durables) 0.044™ 0.041°
In(Value of livestock) 0.014™ 0.014
In(Value of equipment) 0.024" 0.059
HUMAN CAPITAL

Female household head -0.1517 -0.134
In(Age of household head) -0.086 0.146
Median education of males 0.014™ 0.010

Proportion of dependents 0.098" 0.170
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Table 9--Determinants of crop production per acre (structural model) (In(Ush/ha.))

(continued)
Ordinary least squares (OLS) and instrumental variables (IV) estimation

Variable OLS v?

ETHNICITY

- Baganda 0.067 -0.032

- Basoga 0211 0.304

- Tteso -0.184™ 0.430

- Bagisu -0.099 0.230

- Langi -0.322"™" -0.438

- Lugbara 0.300"" -0.396

- Ankole 0.176™" 0.092

- Bakiga 0208 0.124

- Banyoro 0.176" 0.002

ACCESS TO INFORMATION/SERVICES

Loan access 0.106™" 1.029

Agro-climatic zone (cf., bimodal high rainfall)

- Unimodal v. low/low/medium -0.366™" -0.420"

- Unimodal high 0.111 -0.351

- Bimodal low 0.034 -0.106

- Bimodal medium -0.061" -0.124

Intercept 10.537"" 9.684™"

Number of observations 5087 3980

R’ 0.335

Wu-Hausman test of exogeneity of inputs, crop mixes and loan 0.7446

variables

Relevance tests of excluded instruments LABOR 0.0000™"
ORGANIC FERTILIZER 0.0000""
INORG. FERTILIZER 0.0000""
PESTICIDES 0.0002"""
TRADITIONAL SEEDS 0.0658"
IMPROVED SEEDS 0.0000"""
OTHER INPUTS 0.0000"""
MATOOKE 0.0000"""
LEGUMES 0.0000"""
ROOT CROPS 0.0077"""
COFFEE 0.0000""
CEREALS/LEGUMES 0.0000""
MATOOKE/COFFEE 0.0001°""
LEGUMES/ROOT CROPS 0.0003"""
MATOOKE/LEGUMES 0.0000"""
LOAN USE 0.0000"""

Hansen’s J test of overidentifying restrictions p=0.0001"""

* Instrumental variables used to predict input use and access to market information all of the other

explanatory variables, plus several community level variables representing distance and time to the most
common market, the location of the nearest market, the common transportation modes to the nearest
market, availability of formal or informal credit, and the sources of credit.

* ok ok

mean statistical significance at the 10%, 5%, and 1% levels, respectively. Coefficients and standard
errors adjusted for sampling weights and robust to heteroskedasticity.
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In the OLS model in Table 9, most inputs have a significant positive impact on
crop production, including (in order of magnitude of impact) labor, inorganic fertilizer,
traditional seeds, improved seeds, and other non-labor inputs. These results are fairly
consistent with those of Deininger and Okidi (2001). The value of crop production also
differs substantially across different crop mixes, with coffee and matooke having the
highest value, followed by legumes/root crops, matooke/legumes, cereals, and legumes.
Place, et al. (2001) also found higher profitability of plots with banana production in
central Uganda, as well as coffee and potatoes, compared to cereals.

Crop productivity is declining with the size of the farm, even after controlling for
input use and crop choice, indicating a stronger result than the usual finding that yields
decline with farm size. This finding suggests that inputs are used more productively (not
only more intensively) by smaller farms, perhaps as a result of diminishing returns to
scale in crop production and/or indivisible non-marketable production factors such as the
farmers’ management skill (Nkonya, et al. 2004). Nkonya, et al. (2004), found the same
result based on a smaller survey conducted in part of Uganda during 2000. As discussed
previously, other explanations may also be responsible for this inverse relationship;
further research is needed to test the alternative explanations.

Other factors significantly affecting crop productivity in the OLS regression in
Table 9 include the proportion of land operated by women (negative effect), all types of
physical assets (positive), female-headed households (negative), age of the household
head (negative), education of males (positive), proportion of dependents (positive), loan

access (positive), agro-climatic zone (lowest in the unimodal very low/low/medium and
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bimodal medium rainfall zones), and ethnicity (numerous significant differences). Most
of these results are consistent with the results of the reduced form estimation in Table 7.

Household Income per Capita

The determinants of household income per capita are reported in Table 7. The
Wu-Hausman test rejects the OLS model, and the IV model weakly passes the test of
overidentifying restrictions. The IV model is thus preferred, though we consider the
robustness of the findings of the two OLS specifications (with and without the
endogenous explanatory variables) and the IV specification. All of the statistically
significant coefficients in the IV model are of similar magnitude and significant in both
OLS specifications, and most of the significant results in the OLS specifications are
significant and similar in magnitude in the IV model. Thus the significant findings of the
IV model are robust, and we focus on these.

Not surprisingly, households that farm more land or higher value land, and that
own more physical assets, earn higher incomes. Land is the most important contributor
to household income, with a 10 percent increase in landholding predicted to increase
income by over 4 percent. Both male and female education have positive and similar in
magnitude impacts on household income. The positive impacts of education are
consistent with findings of Deininger and Okidi (2001) and Appleton (2001b).
Interestingly, larger households earn higher income per capita, suggesting economies of
scale in household size in terms of income generation. Households in communities
where wage rates are higher earn higher incomes per capita, due to the greater value of
their labor. Incomes per capita are highest in the high potential unimodal high rainfall
zone, controlling for other factors. Incomes differ across ethnic groups, with Baganda

households earning higher incomes and Iteso and Langi households earning lower
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incomes than other ethnic groups. Other factors, including land tenure, other human
capital variables, access to markets, roads and transportation, and population density were
not found to have statistically significant and robust impacts on household income per
capita in the full sample. Access to extension and credit were found to have positive, but
quantitatively fairly small and weakly statistically significant impacts on income in the
OLS regression that included these variables, but these variables did not have significant
impact in the IV regression.

There are significant differences in determinants of household income across the
regions of Uganda."” Nevertheless, several of the factors have similar impacts across all
or most regions (Table 10).

Table 10--Determinants of household income per capita by region
Instrumental variables regressions”

Variable Central Eastern Northern Western
NATURAL CAPITAL

In(Area farmed) 0.449™" 0.409™" 0286 0.350""
In(Land value/acre) 0.128" 0.036 0.034 0.065"
LAND TENURE

In(Years holding land) -0.013 -0.074 -0.105" -0.009
Proportion women’s land 0.035 0.142 -0.281" 0.049
How land acquired (cf. rented)

- Share purchased -0.094 -0.038 -0.077 0.187"

- Share free land -0.063 -0.081 -0.006 0.118

- Share inherited -0.038 -0.042 -0.015 0.016
Land tenure (cf. customary)

- Share mailo 0.108 0.084 -0.398" -0.107

- Share other 0.059 -0.176 -0.190 -0.050
PHYSICAL CAPITAL

In(Value of buildings) 0.026"" 0.050" 0.019 0.030™"
In(Value of durables) 0.101° 0.091™ 0.016 0.077"
In(Value of livestock) -0.005 0.005 -0.003 0.010™"
In(Value of equipment) 0.060"" 0.043 0.105 0.049
HUMAN CAPITAL

In(Number of adult equivalent) 04217 04277 0416 0.400™"
Proportion of dependents 0.102 0.083 -0.146 -0.099
Female household head 0.017 -0.261"" -0.108 0.041
In(Age of household head) -0.124 0.070 0.223 -0.037
Median education of males 0.019° 0.024™" 0.032" 0.016™
Median education of females 0.007 0.029™ 0.016 0.007
In(Prop. days lost due to illness) -0.081 -0.108 -0.494™ 0.229

'3 Chow test p value = 0.0000.
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Table 10--Determinants of household income per capita by region (continued)
Instrumental variables regressions”

Variable Central Eastern Northern Western
ETHNICITY

- Baganda 0.223"" 0.466 0.943" 0.346"
- Basoga -0.240 0.247 -0.041 -0.111
- Tteso -0.443" -0.208" -0.852"" -0.370"
- Bagisu 0.2927 -0.238 0.659™ -0.046
- Langi -0.330"" -0.807"" -0.399™" -0.292
- Lugbara 0.546 0.234 0.152" 0.307
- Ankole 0.061 0.230 0.247 0.092
- Bakiga -0.024 0.145 -0.084 0.014
- Banyoro -0.037 0.078 0.126 -0.078
ACCESS TO INFORMATION/SERVICES

Extension service dummy 0.489 0.316 -0.291 0.312
Market information dummy -0.036 -0.516 -0.249 -0.112
Loan access dummy 0.289 -0.800" 0.789 0.633"
Access to markets and transport

High market access dummy 0.115° 0.047 -0.022 -0.004
Dist. to all weather road (km.) -0.009" 0.002 0.000 -0.001
Dist. to truck service (km.) -0.002 0.004" -0.004™" -0.002
Dist. to minibus/taxi service 0.008" -0.005 0.000 0.006"
Land and labor scarcity

In(Wage rate of men) (Ush/day) 0.084" 0.084 0.052 0.079
In(Population dens.) (#/km?) -0.046" 0.060 0.041 -0.018

Agro-climatic zone

- Unimodal v. low/low/medium -0.187 0.041 -0.130 0.160

- Unimodal high -0.048 0.364" -0.170 0.190"

- Bimodal low 0.055 0.220" -0.210 0.021

- Bimodal medium -0.025 -0.117 0.084 0.030
Intercept 8.858"" 9.169"" 10.040"" 9.662"""
Number of observations 990 1146 565 1303

? Instrumental variables used to predict participation in extension, access to market information and use of a
loan include all of the other explanatory variables, plus several community level variables representing
distance and time to the most common market, the location of the nearest market, the common
transportation modes to the nearest market, availability of formal or informal credit, and the sources of
credit.

mean statistical significance at the 10%, 5%, and 1% levels, respectively. Coefficients and standard
errors adjusted for sampling weights and robust to heteroskedasticity.

Households with more land, buildings, a larger labor endowment, or more
educated males earn higher incomes per capita in all regions. Households with more
durable goods or farm equipment earn higher incomes in three of the regions.
Households with higher value land earn higher incomes in two of the regions. Iteso and

Langi households earn lower income than Baganda households in all regions, controlling
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for other factors. Other factors, such as land tenure, gender, illness, access to credit, and
access to markets, roads and transport have more region-specific impacts on income.
These results suggest that efforts to eradicate poverty in rural Uganda should
focus on improving access to land, the quality of land, education, off-farm opportunities,
and the ability of households to accumulate assets of all kinds. Improving access to
technical and market information, credit, markets and transportation can also help, but
our results suggest that the impacts of such interventions may be more context-
dependent. The low incomes of certain ethnic groups and regions suggests that special
efforts are needed to address the problems of poverty among these disadvantaged groups

and regions.

SUMMARY OF FINDINGS

In this section, we summarize our econometric findings by main categories of the
explanatory variables. We do not discuss all of the econometric results, but instead focus
on the impacts of explanatory variables related to poverty (e.g., endowments of different
types of capital, access to information, services, markets and infrastructure). The

qualitative results are summarized in Table 11.
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NATURAL CAPITAL

The area and value of land held by a household have substantial impacts on labor
intensity, land management, value of crop production per acre and income per capita. As
expected, households with more land farm with less labor intensity. Larger farms are
more likely to use non-labor inputs, but their intensity of use of several inputs (organic
fertilizer, pesticides, traditional and improved seeds) is lower among households using
such inputs. Largely as a result of lower input intensity, the value of crop production per
acre is lower for larger farms. Nevertheless, larger farms earn higher incomes per capita
than smaller farms.

Land quality, as reflected by the value of land per acre, contributes to more
intensive use of labor and greater use of most inputs and land management practices.
Planting of cereals and root crops is less on higher value land compared to higher value
perennial crops. Not surprisingly, the value of crop production per acre and household
income per capita are higher for households using higher value land. These findings are
consistent with our expectations that higher land quality contributes to more intensive use
of inputs, adoption of more profitable crops'®, and hence higher value of production and

incomes.

PHYSICAL CAPITAL

Household endowments of physical capital (livestock, equipment, buildings and
durable goods) have significant impacts on some aspects of land management, crop

choice, value of crop production per acre and income per capita. Livestock ownership is

'® Nkonya, et al. (2004) found that bananas were more profitable than cereals in their analysis of survey
results from most of Uganda (excluding insecure areas of the north).
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associated with greater use of organic fertilizer, traditional seeds, and other non-labor
inputs, and with higher value of crop production per acre. These impacts may be due to
greater ability of livestock owners to finance purchase of inputs as well as greater
availability of manure, draught power and transport services that help to increase the
value of crop production. Livestock ownership is associated with more planting of
cereal/legume and legume/root crop mixes and less planting of root crops in pure stands,
perhaps because of advantages of cereals and legume residues as sources of fodder.

Ownership of farm equipment is associated with greater use of most non-labor
inputs, including organic and inorganic fertilizer, pesticides, and traditional and improved
seeds. This is not surprising since farm equipment is needed to apply most inputs.
Ownership of farm equipment is associated with more planting of legumes, and with
higher household income per capita.

As one might expect, ownership of buildings has less effect on land management
than livestock or equipment. Buildings are associated with more use of organic fertilizer,
traditional seeds and other non-labor inputs, perhaps by facilitating storage. Buildings
are also associated with higher income per capita, suggesting that buildings are
productive investments and not simply consumption goods in rural Uganda.

Ownership of durable goods is associated with less labor intensity, more use of
organic fertilizer but less of inorganic fertilizer, and more use of pesticides and traditional
seeds. Ownership of some durable goods, such as a bicycle or motorbike, may help
farmers to acquire and transport inputs (though the reason for the negative association
with inorganic fertilizer use is not clear). Households with more durable goods plant less

of their land to cereals and more to root crops, and earn higher income per capita. Some
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durable goods, such as vehicles, can be productive investments in helping households to
take advantage of off-farm income opportunities.

Most types of physical capital are associated with higher household incomes. The
largest association is between durable goods and income (each one percent increase in the
value of durable goods is associated with a 0.07 percent increase in income per capita).
This suggests that most assets are viewed as investments, though this may be due to
reverse causality (e.g., households who earn more income are better able to afford
durable goods, buildings and other assets). More research is needed (using panel data) to

help disentangle such puzzles about the direction of causality.

HUMAN CAPITAL

Human capital also has significant impacts on land management, crop production
and incomes. Male education is associated with greater use of organic and inorganic
fertilizer, traditional and improved seeds, and other non-labor inputs, more planting of
cereals/legumes, and higher income per capita. Female education reduces labor intensity
in crop production, increases use of improved seeds, reduces planting of cereals, and also
contributes to higher income per capita. Female-headed households use less inorganic
fertilizer and pesticides than male-headed households, but are not significantly different
in terms of other inputs, crop choice, crop production or income per capita. Households
with a greater proportion of land farmed by women use labor less intensively and use less
organic fertilizer and pesticides, but also are not significantly different in terms of other
inputs, crop choice, production or income. Households with a larger labor endowment
use labor more intensively, less inorganic fertilizer, plant more root crops, and earn

higher income per capita. Households with a higher share of dependents use labor less
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intensively, less pesticides and improved seeds, but otherwise are not significantly
different than others. Households that have lost more days due to illness use more
organic fertilizer and traditional seeds but less inorganic fertilizer, pesticides, and other
non-labor inputs, grow less cereals and more legumes/root crops.

In general, human capital variables were found to have limited impact on crop
production per acre, though they do influence the mix of inputs used and the crops
grown. However, some human capital variables have a strong impact on income per

capita (education and household size), probably because of impacts on off-farm income.

ACCESS TO INFORMATION AND SERVICES

Access to extension services is associated with greater adoption of organic and
inorganic fertilizer, improved seeds and other non-labor inputs, but less intensive use of
inorganic fertilizer and improved seeds among farmers using these inputs. Apparently
extension encourages farmers to test such inputs using relatively small amounts. We find
statistically insignificant and quantitatively small impacts of extension on the type of
crops produced, the value of crop production, and household income. This contrasts with
findings of Nkonya, et al. (2004), who found that extension was associated with higher
crop production and income, especially in lower elevation regions of central, western and
parts of northern and eastern Uganda. The different finding in this study may due to
context-specific impacts of extension, which may be averaging out in the larger region of
this study. Further study of the impacts of extension in different contexts of Uganda is
needed.

Access to market information is positively associated with use of several

purchased inputs, including inorganic fertilizer, pesticides, traditional seeds and improved
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seeds, but with less use of other non-labor inputs. It is also associated with greater
planting of root crops in pure stands and less planting of legume/root crops in mixed
stands. These results suggest that market information contributes to adoption of modern
purchased inputs and more specialized crop production.

Access to credit is associated with greater adoption of inorganic fertilizer, as
expected. It is associated with less planting of cereals or legume/root crop mixes, but
with higher value of crop production per acre. Credit thus appears to be an important
constraint affecting fertilizer use and agricultural productivity in Uganda. This result
contrasts with the finding of Nkonya, et al. (2004) of insignificant impact of credit access
on crop production. However, they investigated only the effect of access at the village

level, and not the effect of household level credit access, as in this study.

ACCESS TO MARKETS, ROADS AND TRANSPORTATION

Better access to markets, as indicated by the areas of relatively high market access
shown in Figure 2, is associated with more use of organic fertilizer, pesticides and
traditional seeds but, surprisingly, less use of improved seeds. In high access areas,
legumes are more common and root crops and legume/root crop mixes are less common.
We find statistically insignificant impacts of market access on labor intensity, other
inputs, value of crop production and household incomes in the regressions for the full
sample. The limited impacts of the market access variable are consistent with results of
Nkonya, et al. (2004). However, in separate regressions for each region, we find that in
the Central Region, higher market access is associated with significantly higher crop

production per acre and income per capita. Differences in market access in the other
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regions, which have less favorable market access than the Central Region in general, are
apparently too limited to have a large impact on production and incomes.

Better access to all-weather roads is associated with more use of organic fertilizer,
inorganic fertilizer, and pesticides, and less planting of cereals and cereal/legume mixes.
These storable annual crops apparently have less comparative advantage close to roads
than higher value perennial or perishable annual crops, as hypothesized by Pender, et al.
(2001). Despite these differences, we find no significant difference in the value of crop
production per acre or income per capita due to differences in access to roads in the full
sample regressions.'” These findings are also similar to those of Nkonya, et al. (2004).
However, in the region specific regressions, we find that better access to an all-weather
road is associated with higher value of crop production per acre in the Western and
Eastern regions, and with higher income per capita in the Central Region. The
association of roads with higher income in the Central Region is consistent with the
positive impact of market access on income in this region. The impact of roads is
apparently less favorable in the less densely populated and more remote Northern
Region, where there are likely fewer vehicles using the roads that are available than in the
other more densely populated regions.

Access to transportation services, measured by distance to the nearest truck
service or minibus/taxi service, also influences land management. Households closer to
truck service use labor less intensively and less other non-labor inputs, plant less cereals
or cereal/legumes but more legumes/root crop mixes, and obtain higher value of crop

production per hectare. These results suggest that access to truck transportation does not

7 We investigated alternative specifications of the regression models using distance to the nearest paved
road or to the nearest feeder road as measures of road access, and also found insignificant impacts of road
access on crop production and income in these specifications. Regression results available upon request.
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increase farming intensity, but still increases the value of crop production by promoting
production and marketing of higher value crops. Better access to minibus/taxi transport
services, by contrast, is associated with more pesticide use, less planting of legume/root
crop mixes, and has no significant impact on the value of crop production. Access to this
type of transportation may increase ability to purchase some readily transportable inputs,
such as pesticides, but does not substantially affect farmers’ options for marketing their

crops, thus has limited impact on the value of crop production.

FACTOR MARKETS AND FACTOR SCARCITY

As one would expect, higher wage rates were found to reduce the labor intensity
of crop production. However, higher wages contribute to greater use of several non-labor
inputs, including inorganic fertilizer, pesticides and seeds. Thus, the value of crop
production per acre is actually higher where wages are higher, despite lower labor
intensity, indicating complementarity between off-farm employment opportunities and
agricultural production. Such opportunities also contribute to significantly higher
incomes per capita. Promoting such opportunities may therefore be a “win-win”
proposition.

Higher population density contributes to more intensive use of labor as well as
greater use of organic fertilizer, pesticides, improved seeds and other non-labor inputs,
consistent with Boserup’s (1965) theory of population-induced intensification. However,
this intensification is not associated with higher value of crop production per acre or
higher income per capita. Thus, the impacts of population pressure may not be as

favorable as hypothesized by Boserup or many of her followers (e.g., Tiffen, et al. 1994),
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though not as negative as many neo-Malthusian predictions either. This result is similar
to the findings of Nkonya, et al. (2004).

Impacts of land management on crop production

In addition to investigating the impacts of various indicators of wealth or poverty
on land management, production, and income, we also investigated the impact of non-
labor inputs/land management on crop production (and hence indirectly on income and
poverty). We found in the OLS model that several inputs/land management practices
contribute to higher crop production, including inorganic fertilizer, traditional and
improved seeds and other non-labor inputs. The impact of organic fertilizer was
quantitatively small, negative, and not statistically significant, suggesting that manure
and compost use do not have much near term impact on production in Uganda. This
result is similar to findings of Nkonya, et al. (2004) and Woelcke, et al. (2003).

The limited impact of organic fertilizer on crop production may be due in part to
the relatively high organic matter content of the soils in much of Uganda (Ssali 2001). It
may also be related to the way organic materials are managed. For example, manure is
often left in the open and applied after much of the nitrogen content has been lost, thus
reducing its effectiveness in enhancing yields (Henry Ssali, personal communication). If
the nitrogen to carbon ratio in organic matter is too low, organic material can reduce the
availability of nitrogen to crops, potentially reducing yields (Palm, et al. 1997). Such
limited or negative near term impacts may be outweighed by the longer-term benefits of
organic matter application (e.g., improvement in soil structure and biological activity),
however (Reijntjes, et al. 1992). For example, long-term experiments in Kenya have
shown that use of inorganic fertilizer along is insufficient to maintain soil productivity

over time; maintenance of soil organic matter was found to be essential for this (Nandwa
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and Bekunda 1998). Thus, even though application of organic materials may yield
limited impact on crop production in the near term, it appears to be essential to maintain
productivity over the longer term.

The positive impact of inorganic fertilizer use suggests that this form of fertilizer
is more likely to have positive near term impact on production, though profitability is still
an important consideration affecting fertilizer use. Among the sample households using
fertilizer, the average value of fertilizer applied per acre was 10,900 Ush/acre, and the
average value of crop production was 314,400 Ush/acre. Given the estimated elasticity
of production response to fertilizer reported in Table 9 (0.036), a one percent increase in
mean fertilizer use, worth 109 Ush per acre, would increase the predicted value of
production by only 113 Ush/acre (314,400 x 0.01 x 0.036). This is a low marginal
value/cost ratio (113/109=1.04) for fertilizer, indicating low profitability and explaining
why fertilizer use remains low, despite having positive impacts on production.'®
Comparable calculations based on the results reported in Table 9 indicate an estimated
marginal value/cost ratio of 1.15 for traditional seeds, 0.83 for improved seeds, and 0.15
for other non-labor inputs. These calculations suggest why use of most non-labor
inputs/land management practices (other than traditional seeds) is so low in Ugandan
agriculture—because their profitability is low.

It is important to emphasize that these estimates are based on estimated elasticities
from the OLS model, which were not robust in the IV estimation. Thus, we do not have
strong confidence in these results, though they are suggestive, and the finding of low

profitability of these non-labor inputs is consistent with findings of Nkonya, et al. (2004)

'8 A value/cost ratio of 2 is commonly argued as necessary to stimulate significant adoption of inorganic
fertilizer.
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and Woelcke (2003). However, further research is needed to more fully assess the

impacts of land management practices on crop production and income.

4. CONCLUSIONS AND IMPLICATIONS

Poverty has many different dimensions, and the different dimensions of rural
poverty have different impacts on land management, agricultural productivity and
incomes. These different types of impacts need to be adequately understood if
downward spirals of poverty, low productivity and land degradation are to be avoided or
reversed.

The impacts of rural poverty on land management depend upon the type of
poverty (i.e., what asset or access factor is constrained) and the type of land management
considered. We have found that Ugandan households that are poorer in terms of access to
land use labor more intensively and are less likely to use several land management
practices and inputs, though among households that do use non-labor inputs, land-poor
households use many of these inputs more intensively. As a result, land-poor households
obtain higher value of crop production per acre, though they have substantially lower
incomes than land rich households. Thus, lack of access to land is a key factor affecting
intensity of land management and rural poverty.

Households who are poorer in terms of the quality of land that they farm
(controlling for farm size) use less labor and most non-labor inputs, and obtain lower
crop production and income. To the extent that land quality is declining as a result of soil
nutrient depletion and other land degradation problems, which are widespread throughout

Uganda, as noted earlier, these results suggest that a downward spiral of land
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degradation—> declining land quality = lower investment in land management = further
land degradation is occurring. Collection of data on land management and land
degradation over longer time periods is necessary to assess the extent to which such a
downward spiral is occurring, its impacts, and the most effective means to break out of it.

Households that are poorer in terms of ownership of physical assets are less apt to
adopt most land management practices and non-labor inputs. Furthermore, households
with less livestock obtain lower crop yields, and households with less of other assets
obtain lower income. This suggests another negative cycle: low assets = low
investment in land management and low income-> continued land degradation and low
assets. Land degradation then can cause declining land quality and further declines in
land management investment and productivity, as discussed above.

Households who are poorer in terms of males’ access to education also invest less
in most inputs and land management technologies, and obtain lower incomes.
Households in which females lack education use labor more intensively in agriculture and
but also obtain lower incomes. These households may be locked into a similar cycle of
low education = low investment in land management and low incomes = land
degradation and continued low assets as described above.

Households in communities with lower wage rates (and presumably less off-farm
employment opportunities) use labor more intensively in agriculture, but use several non-
labor inputs less intensively (including fertilizer and pesticides), and obtain lower value
of crop production and incomes. Thus lack of off-farm opportunities may contribute to

keeping poor households in a poverty and land degradation trap.
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Households without access to extension, market information or credit are less apt
to use several modern non-labor inputs, likely resulting in lower crop production
(demonstrated in the case of lack of credit access). Households with poor access to roads
use less organic or inorganic fertilizer, which can contribute to land degradation.
Furthermore, we find that poorer road access is associated with lower crop production per
acre in two regions and lower incomes in one region. Thus lack of access to
infrastructure and services also may prevent households from exiting the poverty-land
degradation trap, though the impacts of this are location specific.

Our results suggest that improvement in smallholders’ access to land, other assets,
education, extension, market information, credit, roads, and off-farm opportunities can
help to break the downward cycle of poverty and land degradation, and put farmers on a
more sustainable development pathway. Access to land (area and quality), other assets,
education and off-farm opportunities appear to be particularly important in addressing
poverty directly, while other interventions are likely to have more indirect impacts, as
they influence land management, crop choice, and other livelihood decisions. Given the
importance of land as the major asset owned by poor rural households in Uganda,
investing in land quality maintenance and improvement is a critical need. However, the
low apparent returns to investments in organic or inorganic fertilizer and other land
management practices suggests that it will be difficult to get farmers to make such
investments in the present environment. Improvements in the market environment as
well as development of more profitable land management technologies appears essential

to address this need."

' Woelcke, et al. (2003) reach a similar conclusion based on their study of technology and policy options
for sustainable land management in Iganga district.
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Although this study has shed new light on the interrelationships between poverty
and land management in Uganda, it faces several shortcomings that should be addressed
in future research. In the 1999/2000 UNHS, land management was only crudely
characterized by farmers’ estimates of the value of non-labor inputs of different types;
there is much more to land management than this (e.g., fallow and crop rotation systems,
land investments such as terraces and live barriers, use of leguminous cover crops and
improved fallows, etc.). These practices vary from one plot to another on the same farm,
and are largely influenced by plot level biophysical and locational factors that are not
captured in this study, introducing potential omitted variable bias in these analyses. Land
quality had to be proxied by households’ subjective estimates of land value per acre,
which is subject to biases and may be affected by many factors other than land quality.
The cross sectional nature of the data limits the ability to control for unobserved fixed
factors (such as land quality, differences in climate, etc.) that may have biased the
regression results. No indicators of land degradation were included in the UNHS, so we
cannot draw direct conclusions about the impacts of poverty and land management on
land degradation (though we can infer that land degradation is likely greater where soil
fertility inputs are lower). Furthermore, the dynamic relationships among poverty, land
management and land degradation cannot be investigated by analyzing a cross-sectional
survey. Thus, while many of our results suggest that a downward spiral or poverty-land
degradation trap may exist and the factors that influence this, they do not conclusively
demonstrate that such spirals or traps are present, nor how effective possible
interventions are in helping to prevent or reverse such dynamic spirals. Further research

based on panel data, collected at the plot as well as household level, and including
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information on the broader array of land management practices used and land degradation

processes occurring at that level, is needed to adequately address these issues.
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APPENDIX: THEORETICAL DYNAMIC HOUSEHOLD MODEL?

In this Appendix we develop a theoretical household model of livelihood strategies
and land management. The model incorporates household investment decisions—with
investments broadly defined to include investments in physical, human, natural, social and
financial capital-—as well as annual decisions regarding crop choice, labor allocation and
adoption of land management practices.

Consider a household that seeks to maximize its lifetime welfare:
T
1) Max E,[> u,(c,)]
=0

where ¢, is the value of consumption in year t, uy( ) is the single period consumption utility®'
and the expectation (Eo) is taken with respect to uncertain factors influencing future income
at the beginning of year t=0. Consumption in year t is given by:

2)c,=1,+1,+1,+1,+p,INV,,

we
where I is gross crop income, I; is gross livestock income, Iy is net wage income, and I is
income from nonfarm activities in year .2 INVyy is a vector of investments (or
disinvestments) in assets during year t, including investments in physical capital (PCy)
(livestock, equipment), human capital (HC;) (education, experience, training), “natural
capital” (NC,) (assets embodied in natural resources, including land quantity and quality,
land rights and tenure, land improving investments), “social capital” (SC;) (assets embodied

in social relationships, such as participation in organizations or networks), and financial

%% This appendix is adapted from the theoretical model developed in Nkonya, et al. (2004).

*! This is a generalization of the commonly used discounted utility formulation u(c,) = p' u(c,) (e.g., see Stokey
and Lucas (1989)).

22 The value of hired labor used in crop and livestock production is subtracted from net wage income. Costs of
other purchased inputs used in agricultural production can be treated in exactly the same way. For simplicity of
exposition, we treat labor as the only variable input in agricultural production (it is by far the most important
for small farmers in Uganda).
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capital (FC;) (cash and other liquid assets, access to credit). pw: is the price of marketed
assets, or in the case of non-marketed assets (e.g., experience or social capital), we interpret
pwt as the cost of acquiring an additional unit of these assets.

Household gross crop income is given by:

3)1,=yC,p,,L,. LM, NC,T, 6 PC, HC,ASC,IS,,BP)A,

oA
where y( ) represents the value of production per acre farmed, A is the area farmed (part of
NC,, C; represents the vector of area shares of different annual crops grown by the
household23, Pet 18 the vector of farm level prices of the different crops, L. is the amount of
labor per acre applied, LM; is a vector of land management practices (use of mulch, manure,
etc.) used, T; represents tenure characteristics of the land, IS; represents household access to
information and services (e.g., agricultural extension and market information), BP; are other
biophysical factors affecting the quantity of crop production (e.g., rainfall, temperature, etc.),
and other variables (NC,, PC,, HC,, SC)) are as defined previously.** The physical, human
and social capital of the household are included as possible determinants of crop production
because these assets may affect agricultural productivity if there are imperfect factor markets
(de Janvry, et al. 1991).

The farm level prices may vary as a result of variations across communities in access
to markets and roads (affecting transport costs to markets), agro-ecological conditions
(affecting local supply), and population density (affecting local demand and supply). In the

presence of transaction costs, prices may also vary across households as a function of

3 Perennial crops available for harvest in the current year are the result of investment in prior years, and are
taken as part of the land investments on the plot (included in NC,).

* The function y( ) is not strictly a production function, since it depends on prices as well as the quantity of
production. This form is used because of widespread use of intercropping and multiple cropping in Uganda,
and because of the difficulty of determining the allocation of labor and land management practices to specific
crops.
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household level factors that may affect these transaction costs. For example, households who
own transportation equipment (part of PC,), with more experience in producing cash crops
(part of HC;), who have access to market information (part of IS;) or who belong to certain
ethnic or social groups (part of SC;) may obtain higher prices for their products as a result of
lower transaction costs or better information about markets than other farmers. Since we are
interested in the impacts of such underlying factors on production and land management, and
because prices for many commodities are not observed for many households, we model
prices as a function of these underlying factors and a random factor (u):
4) p,=p(X,,PC,HC, SC,IS, u,
where X, is a vector including observable agroecological characteristics, market access and
population density of the village, and u, represents unobserved random factors affecting
prices.

We also model biophysical conditions in a given year as dependent upon observable
agroecological conditions (a subcomponent of X;) and random factors (up):
5) BE =BP(X,,,u,,)

Substituting equations 4) and 5) into 3), we redefine the value of crop production
function:

y '(Cl ’Lc‘t’
y(C,pX,,PC,HC, SC,IS,  u,),L

LM,,NC,,T,,PC,,HC,,SC,,IS,, X, ,u,) =
LM, NC,,T,PC, HC,,SC,,IS,,BP(X,,,u,,))

ctd 27t
where uy; is a linear combination of u; and uy, assuming that the functions p( ) and BP() are
linear in these terms and that y( ) is a linear function.

In a similar way, livestock income is determined by labor allocated to livestock

activities (Ly), ownership of land, livestock, and other physical assets, the human and social
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capital of the household, access to information and services, biophysical conditions, access to
markets and infrastructure, and population density:

7) 1, =1,(L,,PC,,NC,,HC,,SC,,IS,, X ,,u,)

't
Net wage income is given by:
& 1,=w,(X,PC,HC,SC,IS, u,, )L, —w,(X,

PC,,HC,,SC,,IS,,u,, )L,

it wot it wit
where L and L;; are the amounts of labor hired out and in by the household, respectively,
and w,; and wj are the wage rates paid for hired labor. As with commodity prices, we
assume that wages may be affected by village level-factors such as agroecological
conditions, market access and population density (X..) that influence the local supply and
demand for labor, by household-level physical, human and social capital and access to
information and services (PC;, HC;, SC,, IS;) that influence transactions costs of monitoring
and enforcing labor contracts, and other random factors (Uyot, Uwit)-

Nonfarm income is determined by the labor allocated to nonfarm activities, the
physical, human and social capital of the household, access to information and services, the
local demand for nonfarm activities as determined by X, and random factors:

9)1,=1,L,,PC,HC,SC,IS, X, u

nt?> vt > " nt

Labor demand by the household must be no greater than labor supply:

10) L, +L,+L,+L, <L, +L,
where Lg is the supply of household family labor.
Most forms of capital must be nonnegative:
11) PC, 20, HC, =0, NC, 20, SC, =0
Financial capital may be negative, however, if borrowing occurs. We assume that the

household’s access to credit is determined by its stocks of non-financial capital (which



94

determine the household’s collateral, potential for profitable investments, and transaction
costs of monitoring and enforcing credit contracts):

12) FC,,, =—B(PC,,HC,,NC,,SC,)

t+1
where B is the maximum credit obtainable. Financial assets (or liabilities) grow at
the household-specific rate of interest r, which may be affected by the same factors affecting

prices and wages, as well as factors affecting the borrowing constraint:

13) FC,,, =(1+ (X

»PC,HC, NC, ,SC))FC,+INV,,

where IN V¢ is investment (or disinvestment) in financial capital in year t (a
subvector of INVy; in equation 2)).

Physical capital also may grow or depreciate over time, in addition to changes in
stocks resulting from investments:

14) PC,,, =1+ g)PC, + INV,,,

t+1
where g is a vector of asset-specific growth (or depreciation if negative) rates and INVpc is
investment in physical capital in year t.

Natural capital may depreciate (degrade) over time as a result of unsustainable
resource management practices, as well as being improved by investment. For example, if
we think of soil depth as one component of natural capital, this may be depleted by soil
erosion as well as restored by investments in soil conservation:

15) NC

=(1-e(C,,LM ,,,L,,NC,, X, ,u,))NC, +INV,,

pt+l pto pto Tt pt>- vt
where NC,; is taken here to represent soil depth on plot p, e the rate of erosion (net of the rate

of soil formation), ue are random factors affecting erosion, and INVx¢; is investment in

increasing soil depth in year t.
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We assume that human and social capital do not depreciate or grow without
investment. Since these are also non-marketed assets, they are subject to irreversibility
constraints:

16) HC

> HC,, SC,, 2SC,

1+l r+1
Maximization of 1) subject to the constraints defined by equations 2), 3), and 6) — 16)
defines the household optimization problem. If we define the optimized value of 1) (“value
function™) as Vj and notice that this is determined by the value of the state variables at the
beginning of period 0 (PCy, HCy, NCy, SCy, FCy), and by the other exogenous variables in
this system that are determined at the beginning of period 0 (X9, IS¢, L), then we have that
Vo(PCy, HCy, NC,,SC,, FC,, IS, X o, L)) =

17) r
max EO[ZMt(c,)] subject to equations 2), 3), 6)—16)

t=0
Defining W, = (PC,, HC;, NC,, SC,, FC,) and defining V as the value function for the same
problem as in 1), but beginning in year t=1, we can write the Bellman equation determining
the solution in the first period:

IS, L)

18) VoW, X5 1805 Lyg) = max, ¢ 1as, mwn,, Eolulco)1+ Ei (W, X,
where L, is a vector of all labor allocation decisions, Cy is a vector of crop area shares, LM
is a vector of land management choices on all plots in year 0, and INVyy is the vector of
investments in different forms of capital in year 0.

Solution of the maximization in equation 18) implicitly defines the optimal choices of

Lo, Co, LM(), and INVWol

19) C*=C, (W, X, 1Sy, L)

20) Ly*= LO(VVO’X\;O’ISO’L_/'O)
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21) LM *= LMWy, X0, 1Sy, L )
22) INV;y* = INV,(Wy, X 3,1y, L )

The optimal solutions for crop choice, labor allocation and land management determine the
optimized value of production, land degradation, and household income. Substituting
equations 19) to 21) into equation 6), we obtain the optimal value of crop production®:

23) Yo¥= y‘(CO(VVO7XV()’[S07Lf
NC,.T,,PC,, HC,,SC,IS,, X, u,)

o) Lo W5, X

v

()51S()7Lf0)7LM0(VV07X [SoaLfo)’

v0?

Equation 23) forms the basis for empirical estimation of the determinants of value of crop
production. It will be estimated in structural form, including the impacts of the endogenous
variables (Cpo, Lpo, LMpo). The model will also be estimated in reduced form:

24) y,*= y"(WoaXvoalSO’Lfo’”o)

The reduced form income function is derived by substituting the crop value of production
function from equation 24) into crop income equation 3), the labor allocation functions in

equation 20) into the other income equations 7)-9), and then summing up total household

income?’:
25)
1,*=y"W,, X ,y,1S,,u,) A4, +],(L,O(WO,XvO,ISO,LfO),PCO,NCO,HCO,SCO,ISO, oo Upo)

+Woo(XvoaPCoaHcoaSCoaISoauwoo)Loo(VVoaXvoa]SoaLfo)_Wio(XvoaPCoaHCoaSCoaISoa“wio)Lio(VVoaXvoalSoaL_
+]n(LnO’PCO’HCO’SCO’[SO’XVO’unO)=IO(VVO’XVO’[SO’LfO’uIO)

Equations 19) — 25) are the basis of the empirical work.

% The terms related to random variations in prices (ue) and in biophysical factors (uy) have been combined
into a single random variable reflecting random fluctuations in value of crop production (uy) in equation 22).

2% In the last part of equation 25), uj, combines the effects of the different random factors included in the middle
expression (Up, Ujg, Uwoo> Uwios Uno)-



EPTD DISCUSSION PAPERS

LIST OF EPTD DISCUSSION PAPERS

01

02

03

04

05

06

07

08

09

10

11

Sustainable Agricultural Development Strategies in Fragile Lands, by Sara J.
Scherr and Peter B.R. Hazell, June 1994.

Confronting the Environmental Consequences of the Green Revolution in Asia, by
Prabhu L. Pingali and Mark W. Rosegrant, August 1994.

Infrastructure and Technology Constraints to Agricultural Development in the
Humid and Subhumid Tropics of Africa, by Dunstan S.C. Spencer, August 1994.

Water Markets in Pakistan: Participation and Productivity, by Ruth Meinzen-Dick
and Martha Sullins, September 1994,

The Impact of Technical Change in Agriculture on Human Fertility: District-level
Evidence From India, by Stephen A. Vosti, Julie Witcover, and Michael Lipton,
October 1994.

Reforming Water Allocation Policy Through Markets in Tradable Water Rights:
Lessons from Chile, Mexico, and California, by Mark W. Rosegrant and Renato
Gazri S, October 1994.

Total Factor Productivity and Sources of Long-Term Growth in Indian
Agriculture, by Mark W. Rosegrant and Robert E. Evenson, April 1995.

Farm-Nonfarm Growth Linkages in Zambia, by Peter B.R. Hazell and Behjat
Hoijati, April 1995.

Livestock and Deforestation in Central America in the 1980s and 1990s: A Policy
Perspective, by David Kaimowitz (Interamerican Institute for Cooperation on
Agriculture. June 1995.

Effects of the Structural Adjustment Program on Agricultural Production and
Resource Use in Egypt, by Peter B.R. Hazell, Nicostrato Perez, Gamal Siam, and
Ibrahim Soliman, August 1995.

Local Organizations for Natural Resource Management: Lessons from Theoretical
and Empirical Literature, by Lise Nordvig Rasmussen and Ruth Meinzen-Dick,
August 1995.




EPTD DISCUSSION PAPERS

12

13

14

15

16

17

18

19

20

21

22

23

24

Quality-Equivalent and Cost-Adjusted Measurement of International
Competitiveness in Japanese Rice Markets, by Shoichi Ito, Mark W. Rosegrant,
and Mercedita C. Agcaoili-Sombilla, August 1995.

Role of Inputs, Institutions, and Technical Innovations in Stimulating Growth in
Chinese Agriculture, by Shenggen Fan and Philip G. Pardey, September 1995.

Investments in African Agricultural Research, by Philip G. Pardey, Johannes
Roseboom, and Nienke Beintema, October 1995.

Role of Terms of Trade in Indian Agricultural Growth: A National and State Level
Analysis, by Peter B.R. Hazell, V.N. Misra, and Behjat Hoijati, December 1995.

Policies and Markets for Non-Timber Tree Products, by Peter A. Dewees and Sara
J. Scherr, March 1996.

Determinants of Farmers’ Indigenous Soil and Water Conservation Investments in
India’s Semi-Arid Tropics, by John Pender and John Kerr, August 1996.

Summary of a Productive Partnership: The Benefits from U.S. Participation in the
CGIAR, by Philip G. Pardey, Julian M. Alston, Jason E. Christian, and Shenggen
Fan, October 1996.

Crop Genetic Resource Policy: Towards a Research Agenda, by Brian D. Wright,
October 1996.

Sustainable Development of Rainfed Agriculture in India, by John M. Kerr,
November 1996.

Impact of Market and Population Pressure on Production, Incomes and Natural
Resources in the Dryland Savannas of West Africa: Bioeconomic Modeling at the
Village Level, by Bruno Barbier, November 1996.

Why Do Projections on China’s Future Food Supply and Demand Differ? by
Shenggen Fan and Mercedita Agcaoili-Sombilla, March 1997.

Agroecological Aspects of Evaluating Agricultural R&D, by Stanley Wood and
Philip G. Pardey, March 1997.

Population Pressure, Land Tenure, and Tree Resource Management in Uganda, by
Frank Place and Keijiro Otsuka, March 1997.




EPTD DISCUSSION PAPERS

25

26

27

28

29

30

31

32

33

34

35

36

Should India Invest More in Less-favored Areas? by Shenggen Fan and Peter
Hazell, April 1997.

Population Pressure and the Microeconomy of Land Management in Hills and
Mountains of Developing Countries, by Scott R. Templeton and Sara J. Scherr,
April 1997.

Population Land Tenure and Natural Resource Management: The Case of
Customary Land Area in Malawi, by Frank Place and Keijiro Otsuka, April 1997.

Water Resources Development in Africa: A Review and Synthesis of Issues,
Potentials, and Strategies for the Future, by Mark W. Rosegrant and Nicostrato D.
Perez, September 1997.

Financing Agricultural R&D in Rich Countries: What’s Happening and Why? by
Julian M. Alston, Philip G. Pardey, and Vincent H. Smith, September 1997.

How Fast Have China’s Agricultural Production and Productivity Really Been
Growing? by Shenggen Fan, September 1997.

Does Land Tenure Insecurity Discourage Tree Planting? Evolution of Customary
Land Tenure and Agroforestry Management in Sumatra, by Keijiro Otsuka, S.
Suyanto, and Thomas P. Tomich, December 1997.

Natural Resource Management in the Hillsides of Honduras: Bioeconomic
Modeling at the Micro-Watershed Level, by Bruno Barbier and Gilles Bergeron,
January 1998.

Government Spending, Growth, and Poverty: An Analysis of Interlinkages in
Rural India, by Shenggen Fan, Peter Hazell, and Sukhadeo Thorat, March 1998.
Revised December 1998.

Coalitions and the Organization of Multiple-Stakeholder Action: A Case Study of
Agricultural Research and Extension in Rajasthan, India, by Ruth Alsop, April
1998.

Dynamics in the Creation and Depreciation of Knowledge and the Returns to
Research, by Julian Alston, Barbara Craig, and Philip Pardey, July, 1998.

Educating Agricultural Researchers: A Review of the Role of African Universities,
by Nienke M. Beintema, Philip G. Pardey, and Johannes Roseboom, August 1998.




EPTD DISCUSSION PAPERS

37

38

39

40

41

42

43

44

45

46

47

48

The Changing Organizational Basis of African Agricultural Research, by Johannes
Roseboom, Philip G. Pardey, and Nienke M. Beintema, November 1998.

Research Returns Redux: A Meta-Analysis of the Returns to Agricultural R&D, by
Julian M. Alston, Michele C. Marra, Philip G. Pardey, and T.J. Wyatt, November
1998.

Technological Change, Technical and Allocative Efficiency in Chinese
Agriculture: The Case of Rice Production in Jiangsu, by Shenggen Fan, January
1999.

The Substance of Interaction: Design and Policy Implications of NGO-
Government Projects in India, by Ruth Alsop with Ved Arya, January 1999.

Strategies for Sustainable Agricultural Development in the East African
Highlands, by John Pender, Frank Place, and Simeon Ehui, April 1999.

Cost Aspects of African Agricultural Research, by Philip G. Pardey, Johannes
Roseboom, Nienke M. Beintema, and Connie Chan-Kang, April 1999.

Are Returns to Public Investment Lower in Less-favored Rural Areas? An
Empirical Analysis of India, by Shenggen Fan and Peter Hazell, May 1999.

Spatial Aspects of the Design and Targeting of Agricultural Development
Strategies, by Stanley Wood, Kate Sebastian, Freddy Nachtergaele, Daniel
Nielsen, and Aiguo Dai, May 1999.

Pathways of Development in the Hillsides of Honduras: Causes and Implications
for Agricultural Production, Poverty, and Sustainable Resource Use, by John
Pender, Sara J. Scherr, and Guadalupe Durén, May 1999.

Determinants of Land Use Change: Evidence from a Community Study in
Honduras, by Gilles Bergeron and John Pender, July 1999.

Impact on Food Security and Rural Development of Reallocating Water from
Agriculture, by Mark W. Rosegrant and Claudia Ringler, August 1999.

Rural Population Growth, Agricultural Change and Natural Resource Management
in Developing Countries: A Review of Hypotheses and Some Evidence from
Honduras, by John Pender, August 1999.




EPTD DISCUSSION PAPERS

49

50

51

52

53

54

55

56

57

58

59

60

Organizational Development and Natural Resource Management: Evidence from
Central Honduras, by John Pender and Sara J. Scherr, November 1999.

Estimating Crop-Specific Production Technologies in Chinese Agriculture: A
Generalized Maximum Entropy Approach, by Xiaobo Zhang and Shenggen Fan,
September 1999.

Dynamic Implications of Patenting for Crop Genetic Resources, by Bonwoo Koo
and Brian D. Wright, October 1999.

Costing the Ex Situ Conservation of Genetic Resources: Maize and Wheat at
CIMMYT, by Philip G. Pardey, Bonwoo Koo, Brian D. Wright, M. Eric van
Dusen, Bent Skovmand, and Suketoshi Taba, October 1999.

Past and Future Sources of Growth for China, by Shenggen Fan, Xiaobo Zhang,
and Sherman Robinson, October 1999.

The Timing of Evaluation of Genebank Accessions and the Effects of
Biotechnology, by Bonwoo Koo and Brian D. Wright, October 1999.

New Approaches to Crop Yield Insurance in Developing Countries, by Jerry
Skees, Peter Hazell, and Mario Miranda, November 1999.

Impact of Agricultural Research on Poverty Alleviation: Conceptual Framework
with Illustrations from the Literature, by John Kerr and Shashi Kolavalli,
December 1999.

Could Futures Markets Help Growers Better Manage Coffee Price Risks in Costa
Rica? by Peter Hazell, January 2000.

Industrialization, Urbanization, and Land Use in China, by Xiaobo Zhang, Tim
Mount, and Richard Boisvert, January 2000.

Water Rights and Multiple Water Uses: Framework and Application to Kirindi
Oya Irrigation System, Sri Lanka, by Ruth Meinzen-Dick and Margaretha Bakker,
March 2000.

Community natural Resource Management: The Case of Woodlots in Northern
Ethiopia, by Berhanu Gebremedhin, John Pender and Girmay Tesfaye, April 2000.




EPTD DISCUSSION PAPERS

61

62

63

64

65

66

67

68

69

70

71

72

What Affects Organization and Collective Action for Managing Resources?
Evidence from Canal Irrigation Systems in India, by Ruth Meinzen-Dick, K.V.
Raju, and Ashok Gulati, June 2000.

The Effects of the U.S. Plant Variety Protection Act on Wheat Genetic
Improvement, by Julian M. Alston and Raymond J. Venner, May 2000.

Integrated Economic-Hydrologic Water Modeling at the Basin Scale: The Maipo
River Basin, by M. W. Rosegrant, C. Ringler, DC McKinney, X. Cai, A. Keller,
and G. Donoso, May 2000.

Irrigation and Water Resources in Latin America and he Caribbean: Challenges
and Strategies, by Claudia Ringler, Mark W. Rosegrant, and Michael S. Paisner,
June 2000.

The Role of Trees for Sustainable Management of Less-favored Lands: The Case
of Eucalyptus in Ethiopia, by Pamela Jagger & John Pender, June 2000.

Growth and Poverty in Rural China: The Role of Public Investments, by Shenggen
Fan, Linxiu Zhang, and Xiaobo Zhang, June 2000.

Small-Scale Farms in the Western Brazilian Amazon: Can They Benefit from
Carbon Trade? by Chantal Carpentier, Steve Vosti, and Julie Witcover, September
2000.

An Evaluation of Dryland Watershed Development Projects in India, by John
Kerr, Ganesh Pangare, Vasudha Lokur Pangare, and P.J. George, October 2000.

Consumption Effects of Genetic Modification: What If Consumers Are Right? by
Konstantinos Giannakas and Murray Fulton, November 2000.

South-North Trade, Intellectual Property Jurisdictions, and Freedom to Operate in
Agricultural Research on Staple Crops, by Eran Binenbaum, Carol Nottenburg,
Philip G. Pardey, Brian D. Wright, and Patricia Zambrano, December 2000.

Public Investment and Regional Inequality in Rural China, by Xiaobo Zhang and
Shenggen Fan, December 2000.

Does Efficient Water Management Matter? Physical and Economic Efficiency of
Water Use in the River Basin, by Ximing Cai, Claudia Ringler, and Mark W.
Rosegrant, March 2001.




EPTD DISCUSSION PAPERS

73

74

75

76

77

78

79

80

81

82

83

84

Monitoring Systems for Managing Natural Resources: Economics, Indicators and
Environmental Externalities in a Costa Rican Watershed, by Peter Hazell, Ujjayant
Chakravorty, John Dixon, and Rafael Celis, March 2001.

Does Quanxi Matter to NonFarm Employment? by Xiaobo Zhang and Guo Li,
June 2001.

The Effect of Environmental Variability on Livestock and Land-Use Management:
The Borana Plateau, Southern Ethiopia, by Nancy McCarthy, Abdul Kamara, and
Michael Kirk, June 2001.

Market Imperfections and Land Productivity in the Ethiopian Highlands, by Stein
Holden, Bekele Shiferaw, and John Pender, August 2001.

Strategies for Sustainable Agricultural Development in the Ethiopian Highlands,
by John Pender, Berhanu Gebremedhin, Samuel Benin, and Simeon Ehui, August
2001.

Managing Droughts in the Low-Rainfall Areas of the Middle East and North
Africa: Policy Issues, by Peter Hazell, Peter Oram, Nabil Chaherli, September
2001.

Accessing Other People’s Technology: Do Non-Profit Agencies Need It? How To
Obtain It, by Carol Nottenburg, Philip G. Pardey, and Brian D. Wright, September
2001.

The Economics of Intellectual Property Rights Under Imperfect Enforcement:
Developing Countries, Biotechnology, and the TRIPS Agreement, by
Konstantinos Giannakas, September 2001.

Land Lease Markets and Agricultural Efficiency: Theory and Evidence from
Ethiopia, by John Pender and Marcel Fafchamps, October 2001.

The Demand for Crop Genetic Resources: International Use of the U.S. National
Plant Germplasm System, by M. Smale, K. Day-Rubenstein, A. Zohrabian, and T.
Hodgkin, October 2001.

How Agricultural Research Affects Urban Poverty in Developing Countries: The
Case of China, by Shenggen Fan, Cheng Fang, and Xiaobo Zhang, October 2001.

How Productive is Infrastructure? New Approach and Evidence From Rural India,
by Xiaobo Zhang and Shenggen Fan, October 2001.




EPTD DISCUSSION PAPERS

85

86

87

88

89

90

91

92

93

94

95

96

97

Development Pathways and Land Management in Uganda: Causes and
Implications, by John Pender, Pamela Jagger, Ephraim Nkonya, and Dick
Sserunkuuma, December 2001.

Sustainability Analysis for Irrigation Water Management: Concepts, Methodology,
and Application to the Aral Sea Region, by Ximing Cai, Daene C. McKinney, and
Mark W. Rosegrant, December 2001.

The Payoffs to Agricultural Biotechnology: An Assessment of the Evidence, by
Michele C. Marra, Philip G. Pardey, and Julian M. Alston, January 2002.

Economics of Patenting a Research Tool, by Bonwoo Koo and Brian D. Wright,
January 2002.

Assessing the Impact of Agricultural Research On Poverty Using the Sustainable
Livelihoods Framework, by Michelle Adato and Ruth Meinzen-Dick, March 2002.

The Role of Rainfed Agriculture in the Future of Global Food Production, by
Mark Rosegrant, Ximing Cai, Sarah Cline, and Naoko Nakagawa, March 2002.

Why TVEs Have Contributed to Interregional Imbalances in China, by Junichi Ito,
March 2002.

Strategies for Stimulating Poverty Alleviating Growth in the Rural Nonfarm
Economy in Developing Countries, by Steven Haggblade, Peter Hazell, and
Thomas Reardon, July 2002.

Local Governance and Public Goods Provisions in Rural China, by Xiaobo Zhang,
Shenggen Fan, Linxiu Zhang, and Jikun Huang, July 2002.

Agricultural Research and Urban Poverty in India, by Shenggen Fan, September
2002.

Assessing and Attributing the Benefits from Varietal Improvement Research:
Evidence from Embrapa, Brazil, by Philip G. Pardey, Julian M. Alston, Connie
Chan-Kang, Eduardo C. Magalhaes, and Stephen A. Vosti, August 2002.

India’s Plant Variety and Farmers’ Rights Legislation: Potential Impact on
Stakeholders Access to Genetic Resources, by Anitha Ramanna, January 2003.

Maize in Eastern and Southern Africa: Seeds of Success in Retrospect, by
Melinda Smale and Thom Jayne, January 2003.




EPTD DISCUSSION PAPERS

98

99

100

101

102

103

104

105

106

107

108

109

Alternative Growth Scenarios for Ugandan Coffee to 2020, by Liangzhi You and
Simon Bolwig, February 2003.

Public Spending in Developing Countries: Trends, Determination, and Impact, by
Shenggen Fan and Neetha Rao, March 2003.

The Economics of Generating and Maintaining Plant Variety Rights in China, by
Bonwoo Koo, Philip G. Pardey, Keming Qian, and Yi Zhang, February 2003.

Impacts of Programs and Organizations on the Adoption of Sustainable Land
Management Technologies in Uganda, Pamela Jagger and John Pender, March
2003.

Productivity and Land Enhancing Technologies in Northern Ethiopia: Health,
Public Investments, and Sequential Adoption, Lire Ersado, Gregory Amacher, and
Jeffrey Alwang, April 2003.

Animal Health and the Role of Communities: An Example of Trypanasomosis
Control Options in Uganda, by Nancy McCarthy, John McDermott, and Paul
Coleman, May 2003.

Determinantes de Estrategias Comunitarias de Subsistencia y el uso de Practicas
Conservacionistas de Produccion Agricola en las Zonas de Ladera en Honduras,
Hans G.P. Jansen, Angel Rodriguez, Amy Damon, y John Pender, Juno 2003.

Determinants of Cereal Diversity in Communities and on Household Farms of the
Northern Ethiopian Highlands, by Samuel Benin, Berhanu Gebremedhin, Melinda
Smale, John Pender, and Simeon Ehui, June 2003.

Demand for Rainfall-Based Index Insurance: A Case Study from Morocco, by
Nancy McCarthy, July 2003.

Woodlot Devolution in Northern Ethiopia: Opportunities for Empowerment,
Smallholder Income Diversification, and Sustainable Land Management, by
Pamela Jagger, John Pender, and Berhanu Gebremedhin, September 2003.

Conservation Farming in Zambia, by Steven Haggblade and Gelsom Tembo,
October 2003.

National and International Agricultural Research and Rural Poverty: The Case of
Rice Research in India and China, by Shenggen Fan, Connie Chan-Kang, Keming
Qian, and K. Krishnaiah, September 2003.




EPTD DISCUSSION PAPERS

110

111

112

113

114

115

116

117

118

119

Rice Research, Technological Progress, and Impacts on the Poor: The Bangladesh
Case (Summary Report), by Mahabub Hossain, David Lewis, Manik L. Bose, and
Alamgir Chowdhury, October 2003.

Impacts of Agricultural Research on Poverty: Findings of an Integrated Economic
and Social Analysis, by Ruth Meinzen-Dick, Michelle Adato, Lawrence Haddad,
and Peter Hazell, October 2003.

An Integrated Economic and Social Analysis to Assess the Impact of Vegetable
and Fishpond Technologies on Poverty in Rural Bangladesh, by Kelly Hallman,
David Lewis, and Suraiya Begum, October 2003.

Public-Private Partnerships in Agricultural Research: An Analysis of Challenges
Facing Industry and the Consultative Group on International Agricultural
Research, by David J. Spielman and Klaus von Grebmer, January 2004.

The Emergence and Spreading of an Improved Traditional Soil and Water
Conservation Practice in Burkina Faso, by Daniel Kaboré and Chris Reij, February
2004.

Improved Fallows in Kenya: History, Farmer Practice, and Impacts, by Frank
Place, Steve Franzel, Qureish Noordin, Bashir Jama, February 2004.

To Reach The Poor — Results From The ISNAR-IFPRI Next Harvest Study On
Genetically Modified Crops, Public Research, and Policy Implications, by Atanas
Atanassov, Ahmed Bahieldin, Johan Brink, Moises Burachik, Joel I. Cohen, Vibha
Dhawan, Reynaldo V. Ebora, José Falck-Zepeda, Luis Herrera-Estrella, John
Komen, Fee Chon Low, Emeka Omaliko, Benjamin Odhiambo, Hector Quemada,
Yufa Peng, Maria Jose Sampaio, Idah Sithole-Niang, Ana Sittenfeld, Melinda
Smale, Sutrisno, Ruud Valyasevi, Yusuf Zafar, and Patricia Zambrano, March
2004

Agri-Environmental Policies In A Transitional Economy: The Value of
Agricultural Biodiversity in Hungarian Home Gardens, by Ekin Birol, Melinda
Smale, And Agnes Gyovai, April 2004.

New Challenges in the Cassava Transformation in Nigeria and Ghana, by Felix
Nweke, June 2004.

International Exchange of Genetic Resources, the Role of Information and
Implications for Ownership: The Case of the U.S. National Plant Germplasm
System, by Kelly Day Rubenstein and Melinda Smale, July 2004.




EPTD DISCUSSION PAPERS

120 Are Horticultural Exports a Replicable Success Story? Evidence from Kenya and
Cote d’Ivoire, by Nicholas Minot and Margaret Ngigi, August 2004.




