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ABSTRACT

This study investigates how farmers allocate their available farm land under various drivers of crop
choice. We also investigate the determinants and trends of crop area and income diversification. We use
panel data from nationally representative household-level surveys for Nigeria and Uganda that contain
rich socioeconomic and demographic information, merging the survey data with detailed weather shocks
and land cover change. We use both the shares of land and income of the major crop categories to
measure farmers’ crop choice decisions. Our main results using seemingly unrelated and fixed-effects
regression models for crop choice decision and crop diversification are summarized as follows. We find
that weather shocks affect farmers’ crop choice decisions, but effects differ across major crop categories.
For example, we find that rainfall shocks increase the land share of pulses in both countries. However,
rainfall shocks have a negative effect on the land share of tuber crops in Nigeria and cash crops in
Uganda. We also find that increased land cover decreases the land share of pulses and tuber crops,
whereas it increases the land share of cereal crops in Nigeria. For Uganda, increased land cover increases
the land share of tuber crops and cash crops, whereas it decreases the land share of cereal crops. The
analysis also highlights the importance of household characteristics, plot characteristics, and road
accessibility in explaining farmers’ crop choice decisions, measured using land and income shares of
major crops. We also examine the determinants of crop diversification using both crop area and income
diversification. The results show that significant variables are heterogeneous in sigh and magnitude across
the two countries. Similarly, we find that socioeconomic variables and plot characteristics play a
significant role in explaining crop area and income diversification in both countries. To elucidate
appropriate policymaking in response to rural transformation, the use of in-depth country-specific
analysis of crop diversification and farmers’ crop choice decision-making processes seems to be very
timely and relevant.
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1. INTRODUCTION

Households in developing countries are exposed to a variety of uninsured risks due to insurance and credit
market imperfections and because they are often highly dependent on subsistence agriculture for their
livelihoods (Dercon and Christiaensen 2011; Barrett and Carter 2013). High levels of risk caused by
climate variability threaten many rural households in developing countries. These risks have strong
implications for the economy because a large share of the population lives in rural areas, and agriculture
continues to account for approximately three-fourths of total household incomes in sub-Saharan African
countries.

Engaging in activities that are less susceptible to disruption from climate impacts is one way for
rural households to manage uncertainty surrounding the future effects of weather variability on
agricultural production (Newsham and Thomas 2009). One of the strategies adopted by farmers of
developing countries to mitigate the effects of weather variability is to diversify their crop portfolios
(Barrett and Carter 2013; Mitter, Heumesser, and Schmid 2015). However, the extent of crop
diversification as a risk-coping strategy crucially depends on the risk-bearing capacities of households
that rely on the household level of assets and the perception of weather variability (Dercon and
Christiaensen 2011; Stuart, Schewe, and McDermott 2014). For poor farmers, who have the lowest
capacity to effectively manage risk, crop diversification may be a response to constraints imposed upon
them by increasing climate risk (Howden et al. 2007). In this sense, they are pushed into diversification
by a lack of alternatives for risk coping. In contrast, wealthier households may be pulled into crop
diversification by the existence of welfare-increasing diversification options as well as their own capacity
to access them (Ellis 2000). Besides spatial considerations and access to public services, heterogeneities
such as topography and land cover change also play a significant role in farmers’ crop choice decisions
(Jalan and Ravallion 2002).

Consequently, weather variability and land cover change can affect how individuals use or

manage available land, particularly for agricultural purposes that serves as a major source of livelihood in



most African countries. Of concern, however, is the fact that sub-Saharan Africa will continue to face
these two challenges in addition to other socioeconomic issues in an intricate web of relationships. These
dynamic relationships are expected to influence future crop choice decisions both at local and national
levels in the region. However, empirical evidence of how the relationships of these factors shape different
nodes of crop choice decision at national levels remains scarce. For instance, while the relationship
between weather shocks and land use at subnational and national levels is well documented using
spatiotemporal data (You et al. 2011; Hegazy and Kaloop 2015; Zoungrana et al. 2015), such
documentations are scarce for other drivers of land use (Marcos-Martinez et al. 2017), which limits the
usefulness of any outcome. Although spatiotemporal variations in ecological factors are useful for a
proper understanding of crop choice decisions at higher levels, controlling socioeconomic and
demographic variables at the micro level can yield a better understanding of how individual land users,
particularly farmers, make crop choice decisions.

Against this background, this paper investigates how farmers allocate their available farm land
under various drivers of crop choice by integrating especially those related to agroecological,
socioeconomic, and demographic factors at the micro level. We use panel data from nationally
representative household-level surveys for Nigeria and Uganda that contain rich socioeconomic and
demographic information, merging the survey data with detailed weather variability and land cover
information. We address the following three questions: (1) What is the nature of crop choice and
diversification trends in the two countries? (2) Is there a spatiotemporal sequence in crop choice decisions
vis-a-vis crop diversification practices? (3) What are the roles of land cover, weather, and socioeconomic
indicators in explaining farmers’ crop choice decisions? We use both the shares of land and income of the
major crop categories to measure farmers’ crop choice decisions.

Our main results using seemingly unrelated and fixed-effects regression models for crop choice
decision and crop diversification are summarized as follows. We find that weather shocks affect farmers’
crop choice decisions, but effects differ across major crop categories. For example, we find that rainfall

shocks increase the land share of pulses in both countries. However, rainfall shocks have a negative effect



on the land share of tuber crops in Nigeria and cash crops in Uganda. We also find that increased land
cover decreases the land share of pulses and tuber crops, whereas it increases the land share of cereal
crops in Nigeria. For Uganda, increased land cover increases the land share of tuber crops and cash crops,
whereas it decreases the land share of cereal crops. The analysis also highlights the importance of
household characteristics, plot characteristics, and road associability in explaining farmers’ crop choice
decisions. We also examine the determinants of crop diversification using both crop area and income
diversification. The results show that significant variables are heterogeneous in sign and magnitude across
the two countries. Similarly, we find that socioeconomic variables and plot characteristics play a
significant role in explaining crop area and income diversification in both countries.

The contribution of this paper to the literature is twofold: First, it contributes to the scarce
empirical evidence that shows the influence of diverse factors at various scales of crop choice, especially
in sub-Saharan Africa. For instance, global remote sensing products including land cover changes and
weather variability were combined with plot-level biophysical factors. This combination can provide
useful location-specific information for the promotion of sustainable food production practices and the
fight against poverty across households. It would also shed light on designing rural development
programs tailored to farmers to improve their livelihoods under these changing factors. Second, this study
is the first crop choice study in Nigeria and Uganda (to the best of our knowledge) that employs
nationally representative panel data, which allows us to estimate the determinants of farmers' crop choice
decisions nationwide.

The rest of the paper is organized as follows: Section 2 presents the conceptual framework, and
section 3 presents the empirical model and the identification strategy. The empirical results are presented
in section 4, before we conclude in the final section, highlighting the main findings and policy

implications of the study.



2. CONCEPTUAL FRAMEWORK

This section presents the literature on the determinants of crop choice decisions in developing countries.
We use this framework to investigate the nature of crop choice decisions and the effect of weather shocks,
land cover changes, and socioeconomic indicators.

Uncertainty in weather conditions poses a serious challenge to food production, farming
households’ capacity to plan, and rural livelihoods (Akanda 2011; Hochman et al. 2017). Weather
variability, particularly rainfall, constitutes a major environmental input for production activities in
rainfed agriculture. Like other production inputs, the consideration of weather variability in farm
production remains part of farmers’ crop choice decision making processes (Bert et al. 2006; Lehmann,
Briner, and Finger 2013; Robert et al. 2016), particularly in Africa, where most of the farmers are
smallholders and agricultural production is climate dependent. For example, studies (e.g., Chalise and
Naranpanawa 2016; Asante et al. 2017) find that farmers tend to allocate land to crops that are
comparatively less impacted by climate change. Similarly, farmers adapt to the incidence of drought by
abandoning farming, reducing the land area cultivated, and changing of current crop types to maintain
agricultural production (Akanda 2011; Yang et al. 2016). Crop choice decision is based on farmers’ level
of agricultural income and dependence on agriculture as a livelihood source, such that households that
have higher crop and livestock income are less likely to either abandon farming or change crop types,
preferring rather to reduce their crop areas (Mertz et al. 2009; Akanda 2011; Makate et al. 2016; Yang et
al. 2016).

Crop diversification, a practice of cultivating more than one variety of crops belonging to the
same or different species in a given area in the form of rotations, intercropping, or both, has been
identified as a response to climate change impacts (Mertz et al. 2009; Makate et al. 2016). Smallholder
farmers adopt crop diversification to protect them against total crop failure or the effects of reduced crop
yields. Therefore, the decision to employ this strategy is an indication of the influence of the threat of

climate change on various facets of their household food security. Farmers in sub-Saharan Africa respond



to climate change by adopting the multiple cropping system, which allows for intensification by growing
two or more crops on the same field either at the same time or after each other in a sequence (Waha et al.
2013).

Furthermore, the decision to put a parcel of farmland under any sustainable agricultural practices
is determined by plot, household and village characteristics, including rainfall (Teklewold et al. 2013).
The weather-related information, especially on the amount, timing, and distribution of rainfall, can have a
significant effect on the farmers’ decision to adopt and use sustainable agricultural technologies on
farmland (Teklewold and Mekonnen 2017). Farmers adopt different tillage intensity according to the
prevailing weather conditions in their location. This implies that farmers can take advantage of reduced
rainfall variability to put their farmland into more than one cropping season, particularly for crops with a
shorter growing period, to improve their farm income earnings (Howden et al. 2007; Barrett and Carter
2013).

The choice of crop to be grown also depends on the extent and degree of capability and suitability
of the land resources in any location. The normalized difference vegetation index (NDVI) is one of the
indicators usually employed in the literature to assess the capability and suitability of the land resources.
It empirically measures vegetation change through satellite imagery based on visible and near-infrared
bands of the electromagnetic spectrum (Walsh et al. 2001). It uses the multispectral remote sensing data
technique to monitor spatiotemporal variation in such features as urban area, agricultural land, water
bodies, and forest type, among others (Dong et al. 2016). It also provides an indication of the vegetation
density, differentiating between vegetated and barren land areas, agricultural land, and forest cover
(Samal and Gedam 2015). Consequently, it has the potential to be used as a parameter for land cover
condition (Ghandhi et al. 2015; Dahigamuwa, Yu, and Gunaratne 2016), agricultural production (Yin et
al. 2012), and climate change risks, particularly drought (Zoungrana et al. 2015).

NDVI, therefore, has implications for the crops grown in a geographical area. The NDVI
techniques are used to study crop patterns and crop suitability (Bharathkumar and Mohammed-Aslam

2015). Some studies (Ontel and Morosanu 2014) also use NDVI values as indicators for drought and



vegetation density, and they observe that very low NDVI values of between -0.2 and 0.1 reflect low
vegetation density corresponding with dry years in the study area (Ontel and Morosanu 2014). This
observation has a potential influence on crop choice if farmers are to maintain or increase yield. A major
option will therefore be for farmers to switch to other crops that are more drought resistant. The NDVI
metric as an indicator of land cover condition has also been used to capture changes in land cover
conditions (Tadesse et al. 2017) and as an indicator for long-term change in soil fertility, which can help
farmers decide on inputs and input uses, including those related to fertilizer and crops (Fabiyi, Ige-
Olumide, and Fabiyi 2013). Since farmers would make land allocation and crop selection decisions based
on soil biophysical and management attributes, which can be derived using the NDVI, it is implied that

NDVI has the potential to influence crop choice decisions.



3. HOUSEHOLD CROP CHOICE DECISION DETERMINANTS

A farmer’s crop choice decision-making process is thought to be implicit and internal, cyclical and
recurrent, leading to a better understanding and evaluation of production terrains over time (Aubry, Papy,
and Capillon 1998). As the basic farm decision-making unit, the farmer makes critical decisions in
agricultural production, particularly on land use and farm resource allocation. The nature and extent of
such decisions are usually motivated by the goals, objectives, and values of the farming households
(Wallace and Moss 2002). They are also guided by prevailing socioeconomic and environmental
constraints including those outside the farmers’ control. The determinants of crop choice decision-making
processes, particularly among smallholder farmers, have been examined in various empirical studies and
can be broadly classified into economic, biophysical, psychological, technological, policy and
institutional (Willock et al. 1999; Wallace and Moss 2002; Verburg et al. 2004; Sakane et al. 2014; Wang
et al. 2017), and sociocultural factors such as demographics, endowment, and credit constraints (Mottet et
al. 2006; Nguyen et al. 2017).

Crop choice decisions are made by utility-maximizing individuals (Verburg et al. 2004), implying
that economic factors that influence crop choice decisions are rooted in neoclassical economic theory of
profit maximization. As such, factors that encourage increasing returns to farm investment will guide
decisions of farming families, such that resource allocation is made toward achieving pecuniary goals.
Farmers choose uses to maximize the present discounted value of the stream of expected net benefits from
the land and base their expectations of future land-use profits on current and historic values of relevant
variables, such as costs of land conversion (Lubowski, Plantinga, and Stavins 2008). Therefore, a farmer
decides how to use a parcel of land after estimating, either implicitly or explicitly, the costs and benefits
of the proposed actions.

Furthermore, the combination of crop portfolios follows the differential input (land and labor)
productivity and risk status of farmers (Lubowski, Plantinga, and Stavins 2008). For instance, farmers

would combine less risk, high labor, and a low land productivity crop portfolio (oil palm) with higher



risk, low labor, and high land productivity crop portfolio (rubber). Economic factors such as poverty,
imperfect capital markets, and insecure land tenure play a significant role in rural household decisions to
shift land use from short-term to long-term investment production (Barbier 1997). Nonpoor households
take advantage of their market power to have access to better farming environments and investment
opportunities to affect crop choice decisions (Howden et al. 2007; Barrett and Carter 2013). The plot's
biophysical conditions (slope and elevation), farm structure, and technological change (introduction of
tractors), also play a significant role in explaining crop choice decisions (Mottet et al. 2006). Furthermore,
the farmers’ demographic characteristics play a substantial role in crop choice decision-making at the
household level (Briassoulis 2009; Hettig, Lay, and Sipangule 2016; Mwaura and Adong 2016).
Demographic characteristics and input supply play a remarkable role in whether landowners would switch
between various crop choice options available to them. Again, the shift from cash crops to cereals, pulses,
and tuber production underlie the effect of political instability in crop choice decision-making. The
geographical location (distance and accessibility) of output markets influences shifts in the share of land
allocated to crops (Briassoulis 2009; Ebanyat et al. 2010; Jiang, Deng, and Seto 2013; Mwaura and

Adong 2016).



4. DATA SOURCES AND VARIABLE DESCRIPTION

Data Sources
The study uses three wave panel data sets from the Living Standards Measurement Study—Integrated
Surveys on Agriculture (LSMS-ISA) from Nigeria and Uganda. The LSMS-ISA data sets are nationally
representative and the significant degree of uniformity in the survey instruments used across countries
offers a unique opportunity for cross-country comparison. These nationally representative data sets
include detailed information on demographic and household characteristics, assets, agricultural
production, nonfarm income and other sources of income, allocation of family labor, hiring of labor, and
access to services. The agriculture module, among others, contains information on agricultural and
livestock production, farm technology, use of modern inputs, and productivity of crops and livestock. The
community-level instrument contains information on local level infrastructure, basic public goods, nature
of agricultural land, precipitation, and other factors that could affect the farmers’ crop choice decisions.

Since we have geolocalized households, we merge the Nigeria and Uganda LSMS-ISA data with
weather shock variables and land cover condition data. Weather shock and the NDVI measure for land
cover condition change come from the daily African Rainfall Climatology Version 2 (ARC2) of the
National Oceanic and Atmospheric Administration’s Climate Prediction Center (NOAA-CPC) and

advanced very high-resolution radiometer.

Description and Choice of Variables
Building on the literature, we investigate determinants and trends of crop choice decisions using two sets

of measurements. First, we measure crop choice decision using land shares to land use alternatives and
income shares of major crop categories to total crop income. To do so, we divide the total farm land area
and crop income of a household into five categories of crops, including cereal crops, pulses, tubers, cash
crops, and other uses. Cereal crops include maize, sorghum, millet, and rice, while pulse crops include
bean, cowpeas, and chickpeas. Tubers include cassava and yam, while cash crops include fruits, coffee,

tea, oil palm, and rubber. Other uses include fish ponds or self-employed businesses. The shares of these



five land use types (in percentage) are the dependent variables of the first set of regression models. The
classification of these five land use types demonstrates the farming activities of farmers of the study
areas. Income shares are also used to understand the extent of dependence or reliance on major crop
categories as the major source of crop income and the key determinants. Therefore, the income share
measurement mainly focuses on one metric of the extent of dependence on major crop categories (Barrett
et al. 2005).

Second, we use different indices to determine factors affecting crop diversification, which is
measured via the crop diversification index. Both the cropland area share index and the crop income share
index are employed. The Herfindahl-Simpson concentration index is used to examine the extent to which
households diversify income across various sources (Barrett et al. 2005). The index is computed as equal
to the sum of the shares across each possible income source. A value of one indicates complete
dependence on a single income source, while a value of 1/k represents perfectly equal earnings across
income sources, where there are k different income source categories analyzed. The literature employs the
Simpson Index of Diversification (SID) (Minot 2006; Baird and Gray 2014) to construct the
diversification indexes, and the extent of income from major crops and total cropped area to represent the

diversification. Thus, the indexes are calculated as follows:
SIDy = 1— Ni=q SLEs 1)

where SID;, is the Herfindahl-Simpson concentration of household i in year t; SL%;, is either the
land share or the income share of crop k in total farm land or total net crop income of household i in year
t. In the case of land share, it is the cropland share diversification index, and in the case of income share,
it is the crop income share diversification index. The value of each SID;; index can vary between zero and
one. If household i grows only one crop in year t, then SL;; = 1, and thus SID;; = 0. As the humber of
cultivated crops increases, the shares (SLy;;) decline, as does the sum of squared shares, and SID;;
approaches the value of one. The larger the value of SID;;, the more diversified is the crop portfolio of

household i in year t. These two indices are dependent variables in the second set of regression models.
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To measure the impact of weather shock variables on the farmers’ crop choice decisions, we
follow the previous literature (Macinni and Yang 2009; Bjorkman-Nyqvist 2013; Rocha and Soares
2015). First, we adopt the conventional measure of rainfall shocks as a deviation of a given year’s rainfall
during the growing season (monsoon season) from the historical averages (for 30 years) during the crop
growing season for the same locality. We measure the rainfall shocks variable as log-deviation from

historical average as follows:
rainfall shock (RS);; = In(R;;) — In(R;;) , 2

where R;; indicates the rainfall during the growing season at the location of household i for year
t, and R is the historical average rainfall (for 30 years) during the growing season at the location of
household i. The rainfall deviation implies a percentage deviation from mean rainfall (Macinni and Yang
2009). Second, we also measure rainfall shocks using a dummy variable designed to capture extreme

events as follows:
negative rainfall shock (NRS);, = 1ifR;; < (R — R{?), €))

where R;; is historical average rainfall during the growing season; R;’” is the standard deviation
of rainfall during the growing season at the location of household i (calculated over the 30-year period).
Therefore, NRS = 1 as the indicator of the weather shock indicates that the rainfall during the growing
season for a given year was more than one standard deviation below the historical average rainfall during

the growing season at the location of household i.
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5. EMPIRICAL MODEL

Building on the previous section, we investigate the factors that drive the farmers’ crop choice decision-
making process, mainly the impact of rainfall shocks and land cover change on a household’s crop choice
decision. We first estimate land share to total land available and income share of major crop categories to

total crop income using the following model:
SLitk = VcRSie + VeLie + BxXie + Vike + €itre 4)

where SL;; is the share of land use and income share of major crop categories to total crop
income type k by household i in year t. RS;; is rainfall shocks, and L;; is land cover change at household
level i in year t. Similarly, X is a vector of household and community characteristics, including education,
household size, age, gender of the household head, household assets, and input use. The variable v;;, is a
household specific fixed effect, and €;;, is the variant representing unobserved characteristics of
household i in year ¢t for land use type k. It is assumed to be a zero mean identically and independently
distributed random error, which is assumed to be uncorrelated to all the explanatory variables.

As the total farm land area and income share of major crop categories to total crop income of a
household in a particular year is fixed, the factors affecting the intensity of a specific crop choice type for
a farm land area could also affect the intensity of other land use types (Kokoye et al. 2013). Since most
rural households in this analysis allocated the same crop land to different major crop categories, cross-
equation error terms will likely be correlated for the same household (Wooldridge 2010). This unique
characteristic requires the application of the seemingly unrelated regression (SURE) model (Zellner
1962). The SURE model was developed to include joint estimates from several regression models, where
the error terms associated with the dependent variables are assumed to be correlated across the following
equations. Therefore, the empirical model of crop choice decision as “share of area allocated and share of

income on major crops” is a set of five simultaneous equations as specified below:
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(SLit1 = Vc1RSie + VerRie + BiXie + vin + &ina
SLitz = Yc2RSit+ Ve Rie + B2 Xie +Viz + &ir2
SLitz = Ve3RSiet Ve Rie + BaXic +viz + &3 )
SLita = YcaRSic + Ve Rie + BaXie + Vig + Eita
SLits = ycsRSir + VerRiet+ BsXie + Vis + €its

where SL;;q, SLitz, SLits, SLira, and SL;,s are the shares of farm land and income of major crop
categories to total crop income of cereal crops, pulses, tubers, cash crops, and other uses, respectively, of
household i in year t. As the sum of all land and income shares of household i is 100 percent, SL;;s IS

dropped during the estimation procedure.
Second, we estimate the determinants of crop area and income diversification indices and the

effect of weather shocks and land cover change using fixed effects as follows:
SIDit = VcRit + VeLie + VaXie + Aik + Oieke (6)
where SID;; is the Herfindahl-Simpson concentration of household i in year t as defined in

Equation (1). The other variables are as defined above.!

! To collaborate our main results, we estimate the impact of extreme rainfall shocks on farmers' crop choice decisions using
a dummy designed to capture extreme events. Our measure of the negative rainfall shock (extreme events) dummy indicates that
the yearly seasonal rainfall was more than one standard deviation below seasonal rainfall historical averages.

13



6. RESULTS AND DISCUSSION

Descriptive Results

The results of the descriptive analyses of the sample households are presented in Table 6.1. The area
shares of the major crop activity sectors indicate that crop priorities among farming households in Nigeria
and Uganda are similar. However, the share of area cultivated to each crop category differs between the
two countries. In Nigeria, for instance, 35 percent of the total area cultivated by households is allocated to
cereals, compared with a 21 percent share of cereals in Uganda. Similarly, tubers, pulses, and cash crops
share 28, 21, and 9 percent, respectively, of the total farm area of the Nigerian households. In Uganda, the
corresponding figures are 21, 20, and 9 percent. The contribution of tubers, cereals, pulses, and cash crops
to farming households’ income are 35, 32, 16, and 7 percent in Nigeria, respectively. For Uganda, the
corresponding contribution of these crops are 17, 19, 20, and 6 percent.

Expectedly, there is a direct relationship between the crop area and income diversification indices
for both countries. The crop area diversification index for Nigeria and Uganda is 0.44 and 0.64,
respectively. Their respective income diversification index is 0.36 and 0.43, indicating that farming
households in Uganda are more diversified than farming households in Nigeria, producing a few more
crops on their land and consequently, generating more diversified income sources. The estimated
normalized difference vegetation index (NDVI) in Nigeria and Uganda is 0.39 and 0.59, respectively.
Following the classifications of NDVI estimates by Ayehu and Besufekad (2015) and Ghandbhi et al.
(2015), Nigeria has a medium (shrub and grassland) vegetation cover, while Uganda has a dense
(rainforest) vegetation cover. Also, the observed values for rainfall shortages is lower in Nigeria (-0.02)

than in Uganda (-0.09).
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Table 6.1 Descriptive statistics by country (pooled)

Nigeria =9,912 Uganda = 7,161
Pooled mean | GRS | Moo | eviaton
Share of area by major crops
Pulse crops (share) 0.21 0.23 0.20 0.21
Tuber crops (share) 0.28 0.33 0.21 0.23
Cash crops (share) 0.09 0.17 0.09 0.16
Cereal crops (share) 0.35 0.29 0.21 0.23
Others (share-proportion) 0.07 0.16 0.09 0.19
Share of net income by major crops
Pulse crops (share) 0.16 0.22 0.20 0.34
Tuber crops (share) 0.35 0.39 0.17 0.33
Cash crops (share) 0.07 0.17 0.06 0.19
Cereal crops (share) 0.32 0.33 0.19 0.34
Others (share) 0.09 0.20 0.10 0.26
Diversification index
Simpson—area (share) 0.44 0.23 0.64 0.25
Simpson—income (share) 0.36 0.22 0.43 0.41
Weather variables
Rainfall shortfall -0.02 0.11 -0.09 0.18
Mean NDVI (share) 0.39 0.11 0.59 0.12
Household demographics
Household size (AEU) 3.36 1.43 4.15 2.08
Dependency ratio 1.16 1.01 1.37 1.20
Gender of head (male = 1) 0.85 0.36 0.70 0.46
Education of head (years) 6.94 6.50 2.38 4.36
Age of head (years) 51.38 14.57 46.53 15.18
Inputs access
Access to finance (Yes = 1) 0.61 0.49 0.05 0.23
Access to extension services (Yes = 1) 0.10 0.30 0.06 0.24
Apply fertilizer (Yes = 1) 0.36 0.48 0.16 0.36
Apply pesticides/herbicides (Yes = 1) 0.29 0.45 0.12 0.33
Amount of labor use (person-days) 773.95 3,354.55 354.24 1,321.02
Wealth indicators
Livestock ownership (TLU) 11.91 19.53 0.41 2.24
Asset value (in NGN 1000/UGX) 34.54 285.49 5,446.05 26,900.00
Real crop income (in NGN 1000/UGX) 67.98 141.79 7,580.88 11,900.00
Real self-employment (in NGN 1000/UGX) 13.06 159.86 1,008.71 2,504.34
Real wage income (in NGN 1000/UGX) 25.29 826.79 1,648.55 3,617.45
Real remittances (in NGN 1000/UGX) 1.445 59.60 239.23 583.50

15




Table 6.1 Continued

Nigeria =9,912 Uganda = 7,161
Variable description Pooled Standard Pooled Standard
mean deviation mean deviation
Market and plot characteristics
Distance to the main road (km) 8.74 12.21 7.27 7.59
Potential wetness index 14.43 3.12 12.23 2.36
Slope of the plot (%) 2.98 3.08 7.02 6.66

Source: Authors' calculations based on LSMS-ISA surveys in Nigeria and Uganda.
Note: All wealth indicator variables are given in adult equivalent units (AEU); TLU = tropical livestock unit; NGN = Nigerian
naira; UGX = Ugandan shilling.

The results of the respondents' demographic characteristics show that the average household size
(adult equivalent) is 3.36 and 4.15, respectively, for Nigeria and Uganda, with corresponding average
dependency ratios of 1.16 and 1.37. A similar dominant pattern of having a male head of household is
observed in both countries, while household heads in Nigeria tend to have completed more years of
schooling than those in Uganda. Again, heads of households in Nigeria tend to be a little older, with an
average age of 51 years, compared with Uganda, where their average age is 47 years.

Farm input access, as presented in Table 6.1, shows a wide gap between the two countries, with
Nigeria having a greater advantage. The proportion of households with access to financial services over
the study period is estimated to be 61 percent and 5 percent for Nigeria and Uganda, respectively.
Although financial inclusion is higher in Nigeria than Uganda, it remains low when compared with the
inclusion level in other African countries, such as South Africa (85 percent), Kenya (83 percent), Ghana
(75 percent), and Rwanda (89 percent). Generally, access to farm inputs remains very low in both
countries, though with a better outlook for Nigeria. The highest proportions of household access are
recorded for fertilizer in both Nigeria and Uganda at 36 percent and 16 percent, respectively. Only about
10 percent of the households have access to extension services in Nigeria, compared with 6 percent of
Ugandan farming households. Access to agrochemicals (pesticides and herbicides) and labor use follow
the same trend. In terms of wealth indices, the average number of livestock owned per person is higher in
Nigeria than in Uganda, with respective values of 1.23 and 0.41. Livestock ownership measured as

tropical livestock unit (TLU).
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We summarize the trends among farmers’ crop choice decisions and diversification indices in
Table 6.2. The trend in the share of area cultivated to different crop categories differs between countries.
In Nigeria, pulses maintain an upward trend over the study period but show a decreasing trend in Uganda.
For tubers, the trend fluctuates in Nigeria, with the area share increasing from 27 to 29 percent between
year two and year three, after an initial decrease between year one and year 3; but Uganda shows a
reverse trend. The share of land area for other crops exhibits a similar pattern. In both countries, the area
share of cash crops shows a parabolic trend, while the area share of cereals decreases over the study
period. Under the net income share by crop categories, pulses exhibit steady increases in Nigeria and a
relatively constant share in Uganda over the study period. The share of tubers increases in Nigeria
throughout the period under investigation but fluctuates in Uganda, while the share of cereals shows a
decreasing trend in Nigeria and an increasing trend in Uganda. The extent of land area diversification and
income diversification among farming households in Nigeria increases progressively over the period. In
Uganda, the extent of land area diversification increases over the study period, but income diversification

increases between 2010 and 2012 and decreases in 2015.

Table 6.2 Descriptive statistics of key interest variables by country

Variable description Nigeria = 3,304 Uganda = 2,387
Year 1 ‘ Year 2 ‘ Year 3 Year 1 ‘ Year 2 ‘ Year 3
Share of area by major crops
Pulse crops 0.18 0.19 0.26 0.22 0.20 0.19
(0.23) (0.23) (0.23) (0.23) (0.22) (0.20)
Tuber crops 0.28 0.27 0.29 0.21 0.23 0.20
(0.37) (0.34) (0.28) (0.23) (0.23) (0.23)
Cash crops 0.07 0.10 0.09 0.08 0.10 0.08
(0.17) (0.17) (0.16) (0.16) (0.17) (0.15)
Cereal crops 0.38 0.36 0.31 0.23 0.22 0.19
(0.32) (0.27) (0.27) (0.24) (0.23) (0.23)
Others 0.07 0.08 0.05 0.07 0.06 0.14
(0.18) (0.17) (0.13) (0.19) (0.18) (0.19)
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Table 6.2 Continued

Variable description Nigeria = 3,304 Uganda = 2,387
Year 1 ‘ Year 2 ‘ Year 3 Year 1 ‘ Year 2 ‘ Year 3
Share of net income by major crops
Pulse crops 0.14 0.15 0.19 0.19 0.21 0.20
(0.22) (0.22) (0.22) (0.39) (0.33) (0.30)
Tuber crops 0.30 0.33 0.41 0.14 0.20 0.17
(0.39) (0.40) (0.36) (0.35) (0.33) (0.30)
Cash crops 0.08 0.08 0.07 0.04 0.06 0.06
(0.18) (0.17) (0.15) (0.20) (0.19) (0.19)
Cereal crops 0.38 0.33 0.26 0.18 0.17 0.23
(0.35) (0.33) (0.30) (0.39) (0.30) (0.34)
Others 0.09 0.10 0.07 0.13 0.06 0.09
(0.21) (0.22) (0.16) (0.34) (0.19) (0.23)
Diversification index
Simpson—area 0.38 0.45 0.49 0.62 0.64 0.66
(0.26) (0.22) (0.20) (0.26) (0.25) (0.25)
Simpson—income 0.33 0.34 0.41 0.31 0.51 0.48
(0.23) (0.22) (0.22) (0.46) (0.38) (0.36)

Source: Authors' calculations based on LSMS-ISA surveys in Nigeria and Uganda.
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7. ECONOMETRIC RESULTS

Determinants of Crop Choice Decisions

Table 7.1 reports the fixed-effects estimates for determinants of the share of farm land allocated to major
crop categories for both countries. The Breusch-Pagan (BP) test verifies the use of the SURE model, as it
is statistically significant at the 1 percent level. The results indicate that several factors have statistically

significant effects on the land shares of major crops. Some of these factors are common in both countries,

but other factors are specific to each country.

Share of Area Under Major Crops
The results exploit exogenous variation in rainfall and indicate that rainfall shocks have negative effects

on the land share of some crop categories and positive effect on the land share of other crop categories in
both countries. Rainfall shocks increase the land share of pulses in both countries. A rainfall shock of one
standard deviation increases the land share of pulses by 19 percent in Nigeria and 6 percent in Uganda.
Rainfall shocks also increase the land share of cereal crops in Nigeria. However, rainfall shocks have a
negative effect on the land share of tuber crops in Nigeria and cash crops in Uganda. The results indicate
that farmers who experience rainfall shocks in Nigeria respond by making changes in crop choices from
tuber crops to pulses and cereal crops, whereas farmers who experience rainfall shocks in Uganda respond
by making changes in crop choices from cash crops to pulses. This finding may indicate that pulses are
less affected by rainfall shocks, particularly if tolerable thresholds are not exceeded. This is consistent
with the literature, which indicates that farmers tend to allocate land to crops that are comparatively less

impacted by weather change (Ebanyat et al. 2010; Chalise and Naranpanawa 2016; Asante et al. 2017).
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Table 7.1 Determinants of farm crop choice decisions (SURE FEs models) for major crops
categories

Determinant Share of area under crop
Nigeria Uganda
Pulse Tuber Cash Cereal Pulse Tuber Cash Cereal
crops crops crops crops crops crops crops crops
Rainfall shock 0.196™ | -0.237™ | -0.045 0.212™ | 0.056™ | -0.005 -0.017" -0.008
(0.035) | (0.041) (0.026) (0.041) | (0.014) | (0.016) (0.008) (0.014)
Land cover index -0.516™ | -0.250" 0.062 0.436™ | -0.080 0.215™ | 0.147™ | -0.149"
(0.106) | (0.134) (0.082) (0.114) | (0.052) | (0.059) (0.038) (0.077)
Age of household head 0.031 0.049 0.011 -0.040 -0.003 -0.000 0.023™ -0.015
(0.036) | (0.047) (0.026) (0.039) | (0.007) | (0.008) (0.005) (0.014)
Household size—AEU 0.086™ | -0.140™ | -0.017 0.117™ | 0.029™ | -0.030™ 0.003 0.036™
(0.024) | (0.029) (0.016) (0.025) | (0.006) | (0.007) (0.004) (0.014)
Education of head -0.002 0.000 0.006" -0.002 | -0.010™ | -0.010™ | -0.002 | -0.009™
(0.005) | (0.007) (0.004) (0.006) | (0.002) | (0.003) (0.002) (0.003)
Gender of head -0.023 -0.116 0.032 -0.025 | -0.027™ | -0.019™ | 0.010" 0.018
(0.059) | (0.162) (0.085) (0.115) | (0.006) | (0.006) (0.004) (0.017)
Dependency ratio 0.003 -0.003 0.005 -0.003 0.002 0.003 0.000 -0.004
(0.005) | (0.006) (0.004) (0.006) | (0.002) | (0.002) (0.001) (0.003)
Apply fertilizer 0.004 0.033™ 0.010 -0.051™ | -0.016™ | 0.019™ | 0.045™ | 0.018"
(0.008) | (0.012) (0.006) (0.009) | (0.007) | (0.008) (0.005) (0.009)
Apply agrochemicals -0.010 0.035™ -0.005 | -0.024™ | 0.019" -0.005 0.038™ 0.010
(0.008) | (0.012) (0.006) (0.008) | (0.008) | (0.009) (0.005) (0.010)
Access to extension 0.005 -0.048™ | -0.002 0.042™ | 0.020" -0.007 0.005 -0.007
(0.012) | (0.016) (0.009) (0.012) | (0.009) | (0.011) (0.007) (0.011)
Access to credit 0.032™ | -0.025™ | -0.016™ | 0.020™ 0.004 -0.013 0.003 0.006
(0.007) | (0.009) (0.005) (0.008) | (0.010) | (0.011) (0.007) (0.012)
Land size 0.202™ | -0.423™ | -0.065™ | 0.374™ | -0.001 0.011" 0.015™ | 0.025™
(0.019) | (0.029) (0.011) (0.025) | (0.006) | (0.007) (0.004) (0.008)
Livestock—TLU -0.005 -0.008 0.008™ -0.005 0.014™ -0.002 -0.008 0.001
(0.005) | (0.007) (0.003) (0.006) | (0.007) | (0.008) (0.005) (0.012)
Asset value 0.000 -0.007™" | -0.000 0.013™ 0.002 0.001 0.004™ | 0.003"
(0.001) | (0.001) (0.001) (0.001) | (0.001) | (0.001) (0.001) (0.002)
Wage income -0.005™ | 0.003™ | 0.002™ -0.000 -0.000 -0.000 -0.001™ | -0.001"
(0.001) | (0.001) (0.001) (0.001) | (0.000) | (0.000) (0.000) (0.001)
Self-employment income 0.003™ | -0.005™ 0.000 0.002™ 0.000 -0.000 -0.000 0.000
(0.001) | (0.001) (0.001) (0.001) | (0.000) | (0.000) (0.000) (0.000)
Remittance income 0.001 0.005 -0.002 -0.003 0.000 0.001" 0.000 -0.000
(0.003) | (0.004) (0.002) (0.003) | (0.000) | (0.000) (0.000) (0.001)
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Table 7.1 Continued

Determinant Share of area under crop
Nigeria Uganda

Pulse Tuber Cash Cereal Pulse Tuber Cash Cereal

crops crops crops crops crops crops crops crops
Distance to main road 0.020™ | 0.017" 0.001 -0.012™ | 0.042™ | 0.020" 0.010" -0.029

(0.005) | (0.007) (0.004) (0.006) | (0.008) | (0.009) (0.005) | (0.030)
Plot slop (%) -0.002™ | 0.013™ -0.000 | -0.012™ | 0.000 0.002" 0.001" -0.001

(0.001) | (0.002) (0.001) (0.002) | (0.001) | (0.001) (0.001) | (0.003)
Plot wetness index 0.004™ | -0.007"" | -0.002™ | 0.005™ | 0.001™ | -0.001™ | -0.000 -0.000

(0.001) | (0.002) (0.001) (0.001) | (0.000) | (0.000) (0.000) | (0.000)
Cons 0.335 0.505" 0.091 0.109 -0.044 0.136" | -0.181™ | 0.306"

(0.219) | (0.269) (0.154) (0.325) | (0.053) | (0.060) (0.039) | (0.162)
N 9,912 9,912 9,912 9,912 7,161 7,161 7,161 7,161
F. 58.50™ | 71.57™ | 36.98™ 88.88 58.50™ | 71.57™ | 36.98™ 88.88
R"2 0.353 0.452 0.211 0.552 0.353 0.452 0.211 0.532
BP test 7,655.267™ 5,744.700™

Source: Authors' calculations based on LSMS-ISA surveys in Nigeria and Uganda.

Note: All continuous variables are given in log form except land cover and plot wetness index; All wealth indicators variables are
given in adult equivalent unit (AEU); Standard errors in parentheses.

*p<0.10, ™ p<0.05 " p<0.0.

The results indicate that an increase in land cover change decreases the land share of pulses and
tuber crops, whereas it increases the land share of cereal crops in Nigeria. For Uganda, an increase in land
cover change increases the share of land of tuber crops and cash crops, whereas it decreases the share of
land of cereal crops. We also find that family size has a positive and statistically significant effect on the
land share of pulses and cereal crops in both countries, whereas it has negative and statistically significant
effect on the share of land of tuber crops in both countries. This finding might be explained by the fact
that the production of pulses and cereal crops requires a high-level of labor input.

Farmers with a high education level plant more cash crops in Nigeria, whereas farmers with a
high education level in Uganda plant fewer crops in all major crop categories. Farmers with a higher
education level in Uganda may focus more on off-farm employment or self-employment and might not be
able to spend as much time planting crops. The use of fertilizer has a positive effect on the land share of
tuber crops but a negative effect on the land share of cereal crops in Nigeria, whereas it has a positive

effect on the land share of tuber crops, cash crops, and cereal crops and a negative effect on the land share
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of pulses in Uganda. The use of agrochemicals has a positive effect on the land share of tuber crops but a
negative effect on the land share of cereal crops in Nigeria. It has a positive effect for both tuber crops
and cash crops in Uganda. Access to extension services increases the land share of cereal crops but
reduces the land share of tuber crops in Nigeria, whereas it increases the land share of pulses in Uganda.
We also find that access to credit increases the land share of pulses and cereal crops while it reduces the
land share of tuber crops and cash crops. It has a positive effect on pulses but no significant effect on land
use decisions on tubers, cash crops, and cereal crops in Uganda.

We also find that the size of farmland has a positive and statistically significant effect on the land
shares of pulses and cereal crops, while it reduces the land share of tuber crops and cash crops in Nigeria.
This finding may suggest that land-constrained smallholder farmers in Nigeria tend to maximize their
consumption by first allocating more available land to tuber crops and cash crops before considering
pulses and cereal crops. However, farmland size has a positive and statistically significant effect on the
land share of tubers, cash crops, and cereal crops in Uganda. Asset holdings of a household increases the
land share of cereal crops and decreases the land share of tuber crops in Nigeria while it increases the land
share of cash and cereal crops in Uganda. Wage income increases the land share of tuber crops and cash
crops but reduces the share of pulses in Nigeria, whereas it reduces the land share of both cash crops and
cereal crops in Uganda. We find that income from self-employment increases the land share of pulses and
cereal crops and reduces the land share of tuber crops in Nigeria.

Distance to the main road increases the land share of pulses and tuber crops, while it decreases
the land share of cereal crops in Nigeria. In Uganda, distance to the main market increases the share of
land to pulses, tuber crops, and cash crops but decreases the share of cereal crops. This data may indicate
that access to a market encourages farmers to produce higher value-added agricultural products, such as
fruits and other commercially viable products, compared with cereal crops. This is consistent with other
studies (e.g., Briassoulis 2009; Ebanyat et al. 2010; Jiang, Deng, and Seto 2013; Mwaura and Adong
2016), which found that distance to and accessibility of output markets influences shifts in the land share

allocated to crops in Uganda. The average slope of the plot increases the land share of tuber crops, while
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it reduces the share of land of pulses and cereal crops in Nigeria. On the other hand, it increases the land
share of tuber crops and cash crops in Uganda. The average wetness index of the plot increases the land

share of pulses and cereal crops, while it reduces the land share of tuber crops and cash crops in Nigeria.

The Share of Income of the Major Crops
When we look at the effect of rainfall shocks and land cover change on the share of income of the major

crops (Table 7.2), we find that rainfall shocks in Nigeria increase the share of income of pulses and cereal
crops and reduce the income share of tuber crops and cash crops. Similarly, rainfall shocks in Uganda
increase the share of income of cereal crops but reduce the income share of tuber crops. An increase in
land cover change in Nigeria increases the income share of cash crops and cereal crops while it reduces
the income share of pulses and tuber crops. In Uganda, an increase in land cover change increases the

income share of pulses, cash crops, and cereal crops.

Table 7.2 Determinants of income of major crops categories (SURE FEs models)

Determinant Share of income
Nigeria Uganda
Pulse Tuber Cash Cereal Pulse Tuber Cash Cereal
crops crops crops crops crops crops crops crops
Rainfall shock 0.146™ | -0.092" | -0.145™ | 0.170™ | -0.009 | -0.086™ | -0.018 0.0?3**

(0.037) | (0.050) | (0.036) | (0.047) | (0.024) | (0.024) | (0.014) | (0.024)

Land cover index -0.433™ | -0.681™" | 0.265™ | 0.706™ | 0.274™ 0.116 0.167™ | 0.573"

(0.099) | (0.160) | (0.089) | (0.133) | (0.089) | (0.088) | (0.051) | (0.091)

Age of household head -0.003 | 0217 | -0.024 | -0.117" | -0.013 | 0.018 | 0.022* | -0.018
(0.035) | (0.059) | (0.029) | (0.048) | (0.012) | (0.012) | (0.007) | (0.012)
Household size—AEU 0.078™ | -0.092" | -0.054™ | 0.090™ | 0.032* | 0.055™ | 0.004 | 0.040"

(0.022) | (0.036) | (0.019) | (0.030) | (0.010) | (0.010) | (0.006) | (0.011)

Education of head 0.001 | -0.008 | -0.000 | -0.003 | -0.009" | 0.001 0.003 | 0.006
(0.005) | (0.008) | (0.004) | (0.007) | (0.004) | (0.004) | (0.002) | (0.004)
Gender of head 0.022 | -0.039 | -0.000 | -0.022 | -0.017" | -0.029™ | -0.000 | 0.001
(0.046) | (0.143) | (0.145) | (0.068) | (0.009) | (0.009) | (0.005) | (0.010)
Dependency ratio -0.007 | 0.009 0.003 | -0.001 | 0003 | 0004 | 0001 | 0.001

(0.005) | (0.008) | (0.004) | (0.006) | (0.003) | (0.003) | (0.002) | (0.003)
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Table 7.2 Continued

Determinant

Share of income

Nigeria Uganda
Pulse Tuber Cash Cereal Pulse Tuber Cash Cereal
crops crops crops crops crops crops crops crops
Fertilizer application -0.025™ | 0.027" -0.011" | -0.094™ | 0.003 0.016 0.042™ 0.004
(0.008) | (0.014) | (0.006) | (0.010) | (0.012) | (0.012) | (0.007) | (0.013)
Agrochemicals application | -0.025™ | 0.059™ -0.007 | -0.039™ | 0.013 0.015 0.055™ 0.013
(0.007) | (0.014) | (0.006) | (0.009) | (0.013) | (0.013) | (0.007) | (0.013)
Access to extension -0.006 0.042™ -0.022" -0.022 0.006 -0.038™ -0.004 -0.014
(0.011) | (0.020) | (0.008) | (0.014) | (0.016) | (0.016) | (0.009) | (0.017)
Access to credit 0.014" -0.037™ -0.008 0.034™ 0.001 0.004 -0.013 -0.030"
(0.007) | (0.011) | (0.007) | (0.009) | (0.017) | (0.017) | (0.010) | (0.018)
Land size 0.185™ | -0.485™ | -0.080™ | 0.444™ 0.004 0.030™ 0.011™ -0.005
(0.023) | (0.029) | (0.012) | (0.030) | (0.010) | (0.010) | (0.006) | (0.010)
Livestock—TLU 0.000 -0.012 0.006 -0.004 0.041™ | -0.025™ -0.005 0.022
(0.005) | (0.009) | (0.003) | (0.007) | (0.012) | (0.012) | (0.007) | (0.012)
Asset value -0.004™ | -0.005™ -0.001 0.009™ 0.001 0.003 0.002" 0.002
(0.001) | (0.002) | (0.001) | (0.001) | (0.002) | (0.002) | (0.001) | (0.002)
Wage income -0.004™ | 0.003™ 0.001" -0.001 -0.001 0.001 -0.000 -0.002™
(0.001) | (0.001) | (0.001) | (0.001) | (0.001) | (0.001) | (0.000) | (0.001)
Self-employment income 0.002" | -0.004™ | -0.001 0.003™ | -0.000 -0.000 0.000 0.000
(0.001) | (0.001) | (0.001) | (0.001) | (0.001) | (0.001) | (0.000) | (0.001)
Remittance income 0.002 -0.001 0.000 -0.003 0.000 0.000 0.000 0.000
(0.003) | (0.004) | (0.003) | (0.003) | (0.001) | (0.001) | (0.000) | (0.001)
Distance to nearest road -0.013™ | 0.006 0.002 0.006 0.012 0.020" 0.002 0.002
(0.005) | (0.009) | (0.004) | (0.007) | (0.011) | (0.011) | (0.006) | (0.011)
Plot slope (%) -0.002 0.018™ 0.002" -0.017™ 0.003" 0.000 0.000 0.000
(0.001) | (0.002) | (0.001) | (0.002) | (0.001) | (0.001) | (0.001) | (0.001)
Plot wetness index 0.004™ | -0.012™ -0.002 0.008™ -0.000 -0.000" -0.000 -0.000"
(0.001) | (0.002) | (0.001) | (0.002) | (0.000) | (0.000) | (0.000) | (0.000)
Cons 0.302 0.116 -0.106 0.461" -0.059 -0.055 -0.187™ -0.057
(0.224) | (0.294) | (0.300) | (0.265) | (0.091) | (0.091) | (0.053) | (0.094)
N 9,912 9,912 9,912 9,912 7,161 7,161 7,161 7,161
F. 52.92™ 70.38™ 29.81™ 82.13™ 52.92™ 70.38™ 29.81™ 82.13™
R"2 0.35 0.501 0.174 0.52 0.35 0.501 0.174 0.52
BP test 6,328.200*** 4,634.700™

Source: Authors' calculations based on LSMS-ISA surveys in Nigeria and Uganda.

Note: All continuous variables are given in log form, except land cover and plot wetness index; All wealth indicator variables are

given in adult equivalent units (AEU); Standard errors in parentheses.

“p<0.10, ™ p <0.05 "™ p<0.0.
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Determinants of Crop Area and Income Diversification

Results of the second set of regression models on the determinants of crop diversification are presented in
Table 7.3. A negative and significant sign on a parameter implies a negative association with the crop
area and income diversification and hence disfavors crop diversification, while a positive sign encourages
households toward on-farm diversification. The significant variables across the two countries show
different signs that are unique in each country.

The results indicate that rainfall shocks have a positive effect on crop area diversification in
Nigeria, while they reduce crop income diversification. This finding may indicate that crop diversification
is one of the shock-mitigating strategies of farmers in Nigeria. These findings are consistent with previous
empirical evidence (e.g., Ellis 2000; Minot 2006; Birthal et al. 2014; Campos, Velazquez, and McCall
2014; Mitter, Heumesser, and Schmid 2015). In Uganda, rainfall shocks have a negative effect on both
crop area and income diversification in Uganda, suggesting that households in Uganda are not pursuing
crop diversification strategies to manage rainfall shocks. We also find that an increase in land cover
change has a negative effect on both crop area and income diversification in both countries. This suggests
that crop diversification is more pronounced in low-resource-endowed areas with poor suitability of land
resources. It furthermore indicates that the greater the land cover and suitability, the higher the probability
that households specialize in their crop production, confirming the validity of the classical Ricardian
model of land allocation.

Households with older household heads and with a larger family size in Nigeria tend to have
diversified crop portfolio. In Uganda, family size has a negative effect on crop area diversification. The
years of schooling of the household head has a positive effect on crop area diversification in Uganda.
Thus, it seems that highly educated households diversify their crop portfolio and income. Female-headed
households have higher levels of crop area diversification in Nigeria, which may indicate that they are
more risk-averse than male-headed households. Male-headed households have greater levels of both crop
area and income diversification in Uganda. The use of fertilizer has a positive effect on both crop area and

income diversification in both countries. Use of agrochemicals has a negative effect on both crop area and
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income diversification in both countries. Farmers who have access to extension services are more likely to
diversify their crop portfolios in both countries, indicating that farmers would diversify more in their farm
production if given improved access to extension services.

Land size has a positive effect on both crop area and income diversification in Nigeria. This result
may suggest that farmers with relatively larger pieces of land are more likely than their counterparts to
have more cultivatable space to experiment with different crops. In Uganda, however, land size has a
negative effect on both crop area and income diversification, suggesting that farmers with larger
landholdings specialize in a certain number of crops for sales.

Asset holding has a positive effect on crop area diversification in Nigeria. It is possible that
farmers with larger asset holdings may have greater access to resources that can help them easily diversify
their crops. Conversely, asset holding has a negative effect on both crop area and income diversification
in Uganda. Wage income has a negative effect on both crop area and income diversification in Nigeria,
indicating that households with higher wage income tend to have less diversified crop area and income
portfolios. In Uganda, both crop area and income diversification increase with wage income, implying
that Ugandan households are more likely to further diversify their crop portfolios and income when wage
income increases. Income from self-employment has a positive effect on both crop area and income
diversification in both countries. This finding indicates that a significant output complementarity exists in
nonfarm self-employment and crop diversification (de Janvry, Sadoulet, and Zhu 2005).

Average plot slope has a negative effect on both crop area and income diversification in both
countries. The results may also indicate that steeper plots are more susceptible to erosion, which could
encourage farmers to reserve the plot for pasture, woodlot, or minor crops (Clay, Reardon, and
Kangasniemi 1998). We also find that slope wetness has a negative effect on both crop area and income
diversification. The results furthermore indicate that distance to the main road tends to increase the

opportunity to grow more diversified crop portfolios in both countries.
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Table 7.3 Determinants of crop diversification (fixed-effects regression models)

Determinant Nigeria Uganda
Simpson—area Simpson— Simpson—area Simpson—
diversification income diversification income

index diversification index diversification
index index

Rainfall shock 0.108™ -0.052" -0.100™ -0.474™

(0.032) (0.025) (0.016) (0.026)

Land cover index -0.479™ -0.234™ -0.193™ -0.288™

(0.099) (0.054) (0.060) (0.097)
Age of household head 0.177™ 0.011 0.001 0.000
(0.035) (0.009) (0.008) (0.013)
Household size—AEU 0.079™ 0.000 -0.016™ -0.096™
(0.022) (0.009) (0.007) (0.011)
Education of head 0.001 0.000 0.016™ 0.045™
(0.005) (0.002) (0.003) (0.005)
Gender of head -0.171" 0.006 0.020™ 0.024™
(0.082) (0.007) (0.006) (0.010)
Dependency ratio 0.008" 0.001 -0.001 -0.004
(0.005) (0.002) (0.002) (0.004)
Fertilizer application 0.037™ 0.023™ 0.020™ 0.055™
(0.009) (0.006) (0.008) (0.014)
Agrochemicals application -0.019" -0.025™ -0.008 -0.029™
(0.008) (0.006) (0.009) (0.014)
Access to extension 0.075™ 0.005 0.022" 0.056™
(0.010) (0.008) (0.011) (0.018)
Access to credit 0.002 0.004 -0.002 -0.001
(0.007) (0.005) (0.012) (0.019)
Land size 0.059™ 0.027" -0.014" -0.052™
(0.017) (0.012) (0.007) (0.011)
Livestock—TLU 0.002 0.005 0.003 -0.029"
(0.004) (0.003) (0.008) (0.013)
Asset value 0.002" 0.000 -0.005™ -0.008™
(0.001) (0.001) (0.001) (0.002)
Wage income -0.003™ -0.004™ 0.001" 0.002™
(0.001) (0.001) (0.000) (0.001)
Self-employment income 0.002™ 0.001™ 0.001™ 0.001
(0.001) (0.000) (0.000) (0.001)
Remittance income -0.002 -0.000 -0.000 -0.000
(0.003) (0.002) (0.000) (0.001)
Distance to nearest road 0.029™ 0.011™ 0.019™ 0.032™
(0.005) (0.003) (0.007) (0.012)
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Table 7.3 Continued

Determinant Nigeria Uganda
Simpson—area Simpson— Simpson—area Simpson—
diversification income diversification income

index diversification index diversification
index index

Plot slope (%) -0.003" -0.001 -0.002" -0.003"

(0.001) (0.001) (0.001) (0.001)

Plot wetness index -0.004™ -0.000 0.000™ -0.000

(0.001) (0.001) (0.000) (0.000)
Cons 0.401" 0.353™ 0.877™ 1.196™
(0.197) (0.102) (0.062) (0.099)

N 9,912 9,912 7,161 7,161

F. 14.45™ 12.35™ 13.28™ 41.56™

R"2 0.230 0.190 0.281 0.352

Source: Authors' calculations based on LSMS-ISA surveys in Nigeria and Uganda.

Note: All continuous variables are given in log form except land cover and plot wetness index; All wealth indicators variables are
given in adult equivalent units (AEU); Standard errors in parentheses.

*p<0.10, ™ p<0.05 " p<0.0.

Tables 7.4-7.6 provide estimates using a dummy that captures extreme events. Consistent with
previous findings, Tables 7.4-7.6 show that negative rainfall shocks increase the land share of pulses in
both countries. Negative rainfall shocks also increase the land share of cash crops in Nigeria and decrease
the share of land to cereal crops. In Uganda, negative rainfall shocks have a negative effect on the land
share of cash crops and positive effect on the land share of cereals crops. The results indicate that farmers
who experience negative rainfall shocks in Nigeria respond by making changes in crop choices from
cereals crops to pulses and cash crops, whereas farmers who experience negative rainfall shocks in
Uganda respond by making changes in crop choices from cash crops to pulses and cereals crops. This

finding may indicate that pulses are less affected by negative rainfall shocks.
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Table 7.4 Determinants of farm land use choices (SURE FEs models) of major crops categories

Determinant

Share of area under crop

Nigeria Uganda

Pulse Tuber Cash Cereal Pulse Tuber Cash Cereal

crops crops crops crops crops crops crops crops
Negative rainfall shock 0.011" -0.006 0.009" | -0.023™ | 0.026™ 0.003 -0.008" | 0.015™

(0.005) (0.007) (0.004) (0.006) (0.005) | (0.005) (0.003) (0.005)
Land cover index 0.018 -0.248™ 0.012 0.281™ | 0.184™ | 0.313™ | 0.171™ | -0.067"

(0.034) (0.051) (0.025) (0.029) (0.034) | (0.038) (0.023) (0.030)
Socioeconomic characteristics Yes Yes Yes Yes Yes Yes Yes Yes
Village fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Cons 0.026 0.533™ | 0.121™ | 0.130™ | -0.170™ 0.065 -0.285™ | -0.073

(0.042) (0.061) (0.032) (0.050) (0.042) | (0.047) (0.029) (0.048)
N 9,912 9,912 9,912 9,912 7,161 7,161 7,161 7,161
F. 58.50™ 71.57" | 36.98™ 88.88 0.022™ 0.001 -0.010™ | 0.019™
R"2 0.387 0.262 0.235 0.352 0.334 0.337 0.530 0.221
BP test 633.74™ 541.76™

Source: Authors-Based on LSMS-ISA surveys in Nigeria and Uganda.

Note: All continuous variables are given in log form except land cover and plot wetness index. All wealth indicators variables
given in adult equivalent units (AEU).

Standard errors in parentheses. * p < 0.10, ™ p < 0.05, ™ p < 0.0.

We find that negative rainfall shocks have a negative effect on the income share of tuber crops,

while they increase the income share of cash and pulse crops in Nigeria. In Uganda, on the other hand,

are

negative rainfall shocks increase the income share of pulses but reduce the income share of tuber and cash

crops. We also find that negative rainfall shocks in Nigeria have a negative effect on crop area

diversification but increase crop income diversification. In Uganda, negative rainfall shocks decease both

crop area and income diversification.
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Table 7.5 Determinants of income from major crops categories (SURE FEs models)

Determinant Share of income
Nigeria Uganda

Pulse Tuber Cash Cereal Pulse Tuber Cash Cereal

crops crops crops crops crops crops crops crops
Negative rainfall shock 0.012" -0.022™ | 0.020™ -0.009 0.026™ | -0.025™ | -0.009" -0.005

(0.005) (0.008) (0.004) (0.007) | (0.008) | (0.008) (0.005) (0.008)
Land cover index -0.011 -0.408™ | 0.064™ | 0.258™ | 0.332™ | 0.284™ | 0.135™ | 0.301™

(0.032) (0.060) (0.025) (0.050) | (0.051) | (0.048) (0.026) (0.052)
Socioeconomic characteristics Yes Yes Yes Yes Yes Yes Yes Yes
Village fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Cons 0.039 0.593™ | 0.124™ 0.138" | -0.206™ | -0.129" | -0.176™ | -0.064

(0.041) (0.070) (0.032) (0.059) | (0.068) | (0.065) (0.037) (0.069)
N 9,908 9,908 9,908 9,908 7,161 7,161 7,161 7,161
F. 52.92™ 70.38™ | 29.81™ | 82.13™ | 52.92™ | 70.38™ | 29.81™ | 82.13™
R"2 0.323 0.271 0.329 0.241 0.323 0.271 0.329 0.241
BP test 1,385.356*** 6,534.015™

Source: Authors' calculations based on LSMS-ISA surveys in Nigeria and Uganda.

Note: All continuous variables are given in log form except land cover and plot wetness index; All wealth indicators variables are
given in adult equivalent units (AEU); Standard errors in parentheses.

*p<0.10, ™ p<0.05 " p<0.0.

Table 7.6 Determinants of crop diversification (FEs regression models)

Determinant Nigeria Uganda
1) 2 1) (2
Simpson—area Simpson— Simpson— Simpson--
diversification income area income
index diversification diversification diversification
index index index
Negative rainfall shock -0.012 0.022™ -0.023™ -0.182™
(0.007) (0.007) (0.007) (0.014)
Land cove index -0.438™ -0.492™ -0.237" -0.840™
(0.101) (0.090) (0.098) (0.242)
Socioeconomic characteristics Yes Yes Yes Yes
Village fixed effects Yes Yes Yes Yes
Cons 0.414" 0.586™ 0.894™ 1.376™
(0.197) (0.188) (0.074) (0.121)
N 9,912 9,912 7,161 7,161

Source: Authors' calculations based on LSMS-ISA surveys in Nigeria and Uganda.

Note: All continuous variables are given in log form except land cover and plot wetness index; All wealth indicators variables are
given in adult equivalent units (AEU).; Standard errors in parentheses.

*p<0.10, ™ p <0.05 ™ p<0.0.
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8. CONCLUSIONS AND POLICY IMPLICATIONS

This study investigates the determinants of farmers” crop choice decisions, crop area diversification, and
income diversification in Sub-Saharan Africa using nationally representative panel data for Nigeria and
Uganda. We use both the shares of land and income of the major crop categories to measure farmers’ Crop
choice decisions.

Our main results using seemingly unrelated and fixed-effects regression models for land use

decision and crop diversification are summarized as follows.

We find that weather shocks affect farmers’ crop choice decisions, but effects differ across major
crop categories. For example, we find that rainfall shocks increase the land share of pulses in both countries.
However, rainfall shocks have a negative effect on the land share of tuber crops in Nigeria and cash crops
in Uganda. We also find that land cover change in Nigeria decreases the land share of pulses and tuber
crops, whereas it increases the land share of cereal crops. In Uganda, land cover change increases the land
share of tuber crops and cash crops, whereas it decreases land share of cereal crops. The analysis also
highlights the importance of household characteristics such as family size, education, access to inputs,
wealth indicators and income from different sources, plot characteristics, and road accessibility in
explaining farmers’ crop choice decisions, which are measured using land shares and income shares of

major crops.

We also examined the determinants of crop diversification using both crop area and income
diversification. Our results show that significant variables are heterogeneous in signs and magnitude across
the two countries. For example, we find that rainfall shocks in Nigeria have a positive effect on crop area
diversification, while they reduce crop income diversification. In Uganda, rainfall shocks have a negative
effect on both crop area and income diversification. We also find that land cover change has a negative
effect on both crop area and income diversification in both countries. Similarly, we find that socioeconomic
variables, access to inputs, wealth indicators, income sources, and plot characteristics play a significant role

in explaining crop area and income diversification in both countries.

Our results highlight varying farmers’ crop choice decisions and crop diversification strategies
across major crop categories in the two countries of focus in this paper. Farmers tend to allocate land to
crops that are comparatively less impacted by weather change. For example, farmers in Nigeria who
experience rainfall shocks respond by making changes in crop choices from tuber crops to pulses and cereal
crops, whereas farmers in Uganda who experience rainfall shocks respond by making changes in crop
choices from cash crops to pulses. Diversification of crop portfolios is one of the shock-mitigating strategies

of farmers in Nigeria, whereas farming households in Uganda do not pursue crop diversification strategies
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in order to manage rainfall shocks. The choice of crop to be grown and area and income diversification
depend on the degree of capability and suitability of the land resources. This means that the greater the land
cover, the higher the probability that households specialize in their crop production. In-depth country-
specific analysis of farmers’ crop choice and crop diversification decision-making processes is timely and

relevant for its elucidation of appropriate policymaking in response to rural transformation.
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