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Abstract

Ugandan territory is a challenging environment for agriculture due to the frequency and severity of extreme climate events
such as droughts, heat waves, floods and storms. These climate-related events are likely to harm agriculture production
and food security. Therefore, people who depend on farming activities will require a variety of adaptation strategies to
mitigate the negative effects of climate change and maintain the livelihoods of farming families. There is limited knowledge
on how farmers are responding to the effects of a changing climate and how they have adjusted their farming practices to
cope with the changes in climate. In this paper we explore to what extent farmers use crop and income diversity as selfprotection measures against climatic shocks. To address sample selection and unobserved heterogeneity often associated
with the adoption of adaptation strategies, we estimated a panel data switching endogenous regression model. Using three
rounds of Uganda National Panel Survey (2009, 2010 and 2011), we found that the climate variability tends to significantly
affect crop diversity decisions. When farmers experience severe environmental conditions, they increase the number of crop
species to reduce the risk of crop loss and maintain the livelihoods of farming families. Policies aiming at providing farmers
with better access to crop and varietal diversity can strengthen their capacity to adapt to climate change. Incentivising
smallholders to grow diverse varieties and local cultivars is also critical to the success of in-situ conservation.

JEL Classification: Q12, Q16, Q54, O39,
Key-words: Climate change, agriculture, adaptation, crop diversity, food security.
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1. Introduction
A wide strand of literature has focused on studying the impact of ex-ante insurance and ex-post coping strategies in
mitigating the adverse impact of climatic and market shocks on rural livelihood capacity. While a branch of these studies
emphasised the role of migration by household (HH) or HH members (Bazzi et al., 2016; Bai & Jung, 2011; De Brauw,
2011) other branches concentrated on access to microcredit (Fenton et al., 2017), government and NGOs aids (Porter, 2012;
Davis et al., 2010; Angelucci & De Giorgi, 2009), climate smart agriculture and technology adoption (Arslan et al., 2015;
Dercon & Christiaensen, 2011; Howden et al., 2007).
Diversification of both household’s nonfarm income sources and cultivated crops mix also came out as a valuable strategy
to manage erratic irregularities of rainfall and temperature pattern as well as fluctuations of agricultural products’ price
(Asfaw et al., 2018; Di Falco & Chavas., 2009; Barrett et al., 2001). While diversification is a well-known mean to be
insured against risk as in the portfolio theory (Schindler et al., 2010; Di Falco & Perrings, 2005), the individual degree of
risk aversion inversely depends by the farmer’ wealth that can sustain farmers in dealing with unexpected shocks by
smoothing income variability (Niehof, 2004; Morduch, 1995). Risk aversion, conditional to the full set of an HH’s
endowment, is expected to increase as both idiosyncratic or covariate shocks are increasingly perceived to be random but
likely to replay over years (Alpizar et al., 2011; Tanaka et al., 2010). In this context, diversifying may help farmers to
reduce the livelihood stress due to a changing environment. Nevertheless, such “distressing” diversification could also play
a role in locking farmers into income-spreading but low return activities since the risk aversion push them to pay an
insurance premium in terms of foregone income from diversifying instead than specializing (Martin & Lorenzen, 2016).
Whether this premium is positive depends by the effectiveness of the diversification strategy because, under certain
agroclimatic conditions and infrastructural or liquidity constraints, this can provide better relative results than specialization
(Coromaldi et al., 2015). Although diversification can be a suitable strategy for poor HH, it has been investigated that, due
to an increasing access to human capital as education and labour or social capital (networking), well-endowed HH are those
people more capable to adopt a successful diversification thanks to a larger set of available options (e.g., selection of nonagricultural wage activities by the more skilled household’s members) (Reardon et al., 2000).
Crop diversification can play a fundamental role in the capacity of agriculture and food system to adapt and respond to
climate change. Traditionally, crop diversity is used as a strategy for risk avoidance due to sharp fluctuations in crop yield
or prices (Ellis, 2000; Di Falco and Chavas 2009; Bezabih and Sarr 2012). The farmers’ income volatility is reduced by
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diversification if crop incomes are not perfectly correlated (Gollier 2001; Elton et al. 2009). Thus, in a dynamic context,
crop diversity has been designated to enhance resilience to climate shocks through spreading the risk of yield failures and
preserving the option value of crop diversity (Pascual et al., 2011). Moreover, the loss of crop diversity has negative impact
on ecosystem services such as pollinating services and pest control and, indirectly, on food security and dietary
diversification (Jones et al., 2014). However, the literature has also stressed as poorly endowed HHs can be locked-in in a
diversified, but low-returns, set of activities (Asfaw et al., 2018).
According to Biodiversity International, crop varieties resistant to heat, droughts, floods and diseases can reduce the use of
pesticides, lessen the need for irrigation stabilize the soils and reduce application of fertilizers. Above that, these kinds of
shock response may promote forest conservation and eliminate the need to create more farmland for food production.
Overall, it is necessary to mention that climate is likely to cause multiple stresses which can be dealt with by using a wide
range of crop varieties and other shock responses (Meldrum et al, 2017). It is worth to say that a close analysis of crop
variety as an adaptation strategy might be appropriate to face the issue of food security in the medium and long term.
Specific adaptation strategies to climate change effects include changing the timing of planting and using heat and drought
resistant varieties, practicing soil and water conservation techniques, fertilizer use, irrigation and diversification to non-farm
activities. Environmental factors can influence crop portfolios and farmers will be forced to change their practices and find
crops and varieties better adapted to new weather dynamics.
Rural HHs can react to potential climatic and market shocks also by diversifying their portfolio of income sources (Asfaw et
al, 2018). The degree of diversification is related to the degree of risk aversion and to the vulnerability level, i.e. the asset
endowment (Carney, 1998). Although farm income usually constitutes a high share of rural households’ income, off-farm
diversification strategies may occur for several reasons and climate-driven insecurity may as well be included. Income
diversification is likely to be the result of households’ attempt to diversify income sources not strongly related to local
agricultural outcomes (Delgado et al., 1997). It appears that at low income levels, farmers are mostly focused on subsistence
agriculture, while income diversification increases when the level of commercialisation is higher (Reardon et al., 1994).
Diversification of on-farm and off-farm activities among smallholder farmers in Sub-Saharan Africa is highly related to risk
mitigation strategies driven by, among others, harmful climatic shocks (Bradshaw et al., 2004). In fact, when a household
can account for several income sources across time, this is usually an indicator of vulnerability to society, market, climatic
or other environmental variables (Adger, 1999).
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2. Country background
As a case study, Uganda seems to be suitable in order to implement an empirical investigation regarding coping strategies
among rural households. Uganda’s economy is considered among one of the poorest in the world: 20% percent of
population spends not enough to meet their caloric requirements and are considered chronically poor, especially in rural
areas where there is usually no formal education [UBOS, 2016]. In addition to an insecure social and economic context,
Uganda is a challenging environment for agriculture due to the frequency and severity of extreme climate events, such as
droughts, heat waves, floods and storms. The country is landlocked and set in the equatorial area of Africa, right below
Saharan desert. It is characterised by two rainy seasons, from March to June and to August to November, and a high level of
humidity. In spite of extreme events recently occurred, Uganda is very rich in biodiversity and it has relatively fertile soils.
This Sub-Saharan country is not only expected to see a relatively large increase in the mean annual temperature (according
to the Fourth Intergovernmental Panel on Climate Change Assessment Report, climate change is likely to increase average
temperatures by 1.5 ºC in the next 20 years and 4.3 ºC by the 2080s), but the Uganda may also experience a rise in extreme
precipitation and rainfall distribution is likely to become more irregular. As many of SSA countries, Uganda deeply relies
on agricultural sector, which accounts for 20% of GDP and employs 70% of Ugandan labour force (USAID, 2012).
Moreover, over 80% of Ugandan citizens lives in rural areas and depend on rain-fed agriculture. Thus, Uganda is a
geographic region which climate change literature has highlighted as prone to be affected by extreme weather variability
(Pearce et al., 1996; McCarthy, 2001). The impact of climate change in Uganda is manifold: variability in rainfall and
regular severe droughts affect agricultural productivity; moreover, climatic events have deep impact on the increasing
incidence of malaria and on receding water levels in lakes and rivers. The effects of climate-related events have harmful
implications, making the affected communities even more vulnerable. These communities have limited capacity to adapts to
the harsh consequences of climate change.
Despite considerable progress made by the Ugandan government in developing a governance system for climate change
adaptation, culminated with the approval in April 2015 of the National Climate Change Policy, implementation still limits
positive responses. Policies are mainly developed by central government agencies while local communities are excluded.
Climate change adaptation becomes constrained due to discontinue communication between national, district and
community levels. There are also limited technical capacity, political interference and absence of functional implementation
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structures across these levels (Ampaire et al., 2017). Therefore, in this context crop diversification could play a fundamental
role in the capacity of agriculture and food system to adapt and respond to climatic shocks.

3. Data description

Two datasets were used in the analysis. Household longitudinal data are based on Uganda National Panel Survey (UNPS)
program implemented by Uganda Bureau of Statistics, with financial and technical support of the Government of
Netherlands, and the World Bank Living Standards Measurement Study – Integrated Surveys on Agriculture (LSMS-ISA)
project. The UNPS is a multi-topic panel household survey that commenced in 2009/10 and continued for the years 201011, 2011-12, and 2013-14.
Individuals grouped in 4373 households were included in the balanced panel built for the investigation. Each survey
envisages two visits in order to capture agricultural outcomes associated with the two cropping seasons of the country.
These nationally representative household surveys include detailed information on household demographic characteristics
such as education, household size, sex and age of the household head and other data on household shocks and assets.
The data on crop and total income, nonfarm income and other sources of income come from Smallholders Data Portrait
provided by FAO (2018). The smallholder farmers' Data Portrait is a comprehensive, systematic and standardized data set
on the profile of smallholder farmers across the world. At present it provides information for nineteen countries.
Agriculture modules are a core part of data collected because they contain information at plot level on agricultural
production, farm technology, use of modern inputs and composition and productivity of crops. The LSMS-ISA survey data
record geo-referenced household and enumeration area level Latitude and Longitude coordinates using handheld global
positioning system (GPS) devices. This creates the possibility of linking household level data with geo-referenced climatic
information to identify how weather variables affect the farmers’ diversification strategies and their impact on food security
measures.
Climatic data are collected by the Global Land Data Assimilation System (GLDAS) v2.1. GLDAS is a global gridded
reanalysis dataset (Rodell et al., 2004a) with a spatial resolution of 0.25°*0.25° and 3-hourly temporal resolution. Climatic
indicators considered are the following: mean temperature, total precipitation, the Standard Precipitation Index (SPI) and the
Consecutive Dry Days (CDD). The SPI is and indicator of seasonal trends in precipitation; it is calculated on long-term
precipitation and it is based on the probability of precipitation for any time scale (Edwards and McKee 1997). The present
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study includes two precipitation variables (and their square values), which count the number of months in which the SPI is
greater (less) than 1 (-1), in order to compute the effects of droughts (floods). CDD is the annual count of days during which
dryness at local level is present; while the former indicators are rainfall-related variables, the latter regards the state of
temperature. In order to assess the impact of climate on the variable of interest, it is important to include both kinds of
indicators (and their squared values) in the analysis.
Table 1 describes how the number of crops each household owns has changed through the years of investigation. According
to the data, households’ percentage with the same number of crops has been stable both moving from the first to the second
wave and from the second to the third one. What is striking is the difference between the first transition and the second one
on the increase, and particularly on the decrease, of the number of crops held by the households. In fact, it appears that 51%
of rural households in 2011 experienced a reduction in their number of crops, in comparison with 2010. Although the table
by far do not allow for any speculation, it is clear that certain occurrences at social, economic or environmental level have
caused a shrinkage in households’ agricultural assets.

4. Conceptual framework
The sustainable rural livelihood framework (SRL) provides a fundamental reference to analyse the strategic choices made
by a farmer 𝑖 to manage their welfare levels 𝑊𝑖,𝑡 at a specific time 𝑡 (Ellis, 2000). We adapt this framework by considering a
rural HH who can be represented as a decision-making unit whose reaction to exogenous climatic and market shocks is
correlated with a vector of idiosyncratic characteristics and the past, long or short-term experience with such shocks (Mertz
et al., 2009). The farmer 𝑖 observes the impact on 𝑊 after an unexpected shock and try to cope to adjust fluctuations in his
income, for example migrating or selling some asset (Morduch, 1995). Otherwise, the higher is the shock event repeated
over a time span 𝑡 − 𝜏, the higher the probability that farmer would adapt by increasing the level of diversification even if,
as mentioned above, the capacity to diversify effectively also depends by the HH’s wealth. So, both the capacity to cope expost and the ex-ante adaptation depend by the access to a vector 𝐾𝑖,𝑡 of strategic assets. The reaction to exogenous shocks is
heterogeneous because heterogeneous is the observable and unobservable mix of assets that compose 𝐾𝑖,𝑡 (Suri, 2011).
𝑁
𝑃
𝐻
𝐹
𝑆
These can be classified as 𝐾𝑖,𝑡
, 𝐾𝑖,𝑡
, 𝐾𝑖,𝑡
, 𝐾𝑖,𝑡
and 𝐾𝑖,𝑡
which represent the natural, physical, human financial and social capital,

respectively (Scoones, 1998).
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While the SRL has been recently utilized to investigate the determinants of farmers’ decisions in developing countries
(Trædal &Vedeld, 2018; Nguyen et al., 2017; Martin &Lorenzen, 2016; Atela et al., 2015), we combine it with a simplified
non-separable household (NSH) model (Wouterse & Taylor, 2008; De Janvry et al., 1991) to investigate the timing and the
impact of diversification on the rural welfare ,conditional to weather and market shocks. The NSH model is useful to
analyse farmers’ strategies when crop and off-farm income sources diversification levels are affected by the same set of
asset endowment in a variable and risky context (Asfaw et al., 2018). On the other hand, Gao and Mills (2018) suggest that
the diversification strategy is effective when the variation in the HH’s consumption is minimized after an adverse income
shock (Porter, 2012). So, for example, while the level of income diversification can increase as the HH is endowed with an
high human capital, an observed reduction in rainfall could push him to increase the number of crops cultivated to manage
this risk; nevertheless, the effectiveness of such diversification could, in turn, depend by soil conditions (natural capital) and
the availability of HH’s member labour that could be, however, unavailable because employed in non-farming activities.
As a result, subject to exogenous climatic anomalies and price fluctuations, the HH’s welfare can be represented as a
𝐶𝑟𝑜𝑝

𝐼𝑛𝑐𝑜𝑚𝑒
random outcome function of income and crop diversification (𝐷𝑖,𝑡
and 𝐷𝑖,𝑡

, respectively). These are set up to

maximize the welfare, 𝑊𝑖,𝑡 , according to the HH’s endowment 𝐾𝑖,𝑡 :

{

𝐼𝑛𝑐𝑜𝑚𝑒
𝐶
𝐶
𝐷𝑖,𝑡
= 𝑓(𝑆𝑖,𝑡−𝜏
; 𝑆𝑖,𝑡
; 𝑆𝑖𝑡𝑀 ; 𝐾𝑖,𝑡 ; 𝑣)
𝐶𝑟𝑜𝑝

𝐷𝑖,𝑡

(1)

𝐶
𝐶
= 𝑓(𝑆𝑖,𝑡−𝜏
; 𝑆𝑖,𝑡
; 𝑆𝑖𝑡𝑀 ; 𝐾𝑖,𝑡 ; 𝑢)

𝐶𝑟𝑜𝑝

𝐼𝑛𝑐𝑜𝑚𝑒
𝑊𝑖𝑡 = 𝑓[(𝐷𝑖,𝑡
, 𝐷𝑖,𝑡

𝐶
); 𝐾𝑖,𝑡 ; 𝑆𝑖,𝑡
; 𝑆𝑖𝑡𝑀 ; 𝑧],

(2)

𝐶
where 𝑆𝑖,𝑡−𝜏
represents, the past climatic shocks experienced by farmer 𝑖 over a time span 𝑡 − 𝜏. These frequencies are
𝐶
𝑀
likely to impact on decision to adapt ex-ante. On the contrary, 𝑆𝑖,𝑡
and 𝑆𝑖,𝑡
are the contemporaneous shocks that are relevant

in explaining the implementation of ex-post coping strategies that should impact also on welfare outcome because applied to
reduce the vulnerability. Finally, 𝑣 and 𝑢 are unobserved time variant and invariant drivers of income and crop
diversification, while𝑧 are unobserved time variant and invariant characteristics that impact on the income gap.
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5. Empirical strategy

Our empirical strategy is set up to investigate determinants of livelihood strategies and impact on rural HH’s welfare subject
to climatic and market shocks in a context of heterogeneous and time-varying response. Farmers face differentiated
conditions according to observable individual endowment of land, type of soil, education or access to agricultural input and
infrastructure that we contained in the vector 𝐾𝑖,𝑡 in Section 4. Nevertheless, farmers’ decisions are also affected by
unobservable characteristics such as attitude, beliefs, skills or risk aversion which are likely to drive the decision to adopt or
not a combination of income and crop diversification strategies but are, as well, drivers of the farmers’ welfare (Koutchadè
et al., 2018).
Thus, self-selection and endogeneity are econometric challenges relevant in our type of investigation. Selection refers to the
case where the decision to adopt a specific mix of diversification levels is observed only for a restricted, non-random subsamples of population and imputable to systematic characteristics of these sub-samples. Endogeneity arises since decision to
diversify is correlated with unobservable factors affecting the welfare outcome (Semykina, & Wooldridge, 2010).
In a context of panel data, as the one we investigate, the self-selection in a group of diversification strategies is expected to
be time-variant because deriving from the unobserved heterogeneity that causes differentiated responses to random
exogenous shocks (Dustmann & Rochina-Barrachina, 2007; Wooldridge, 2010). We adopt a panel multinomial endogenous
switching regression (PMES) model that allows to both control for time-varying unobserved heterogeneity and the
diversification strategies, which works as switching variable, to interact with observable HH’s endowments and unobserved
heterogeneity. The latter means that, since the welfare outcome among the adopters' group of different diversification levels
is assumed systematic because of selection, the impact of livelihood decisions is estimated not just through an intercept
shifters à la Heckman (1976) but for diverse covariates coefficients across groups (Maddala., 1986).
To estimate the PMES we follow a recent multistep-step procedure as in Murtazashvili and Wooldridge (2016) that
combines the control function approach (Bourguignon et al., 2007) with an endogenous switching. This procedure has been
recently empirically applied in Kassie et al., (2016). In a first step a multinomial logit model is estimated on a categorical
selection equation representing all the combinations of different levels of crop and income diversification. A feature of the
multinomial logit model is the independence of irrelevant alternative (IIA) assumption. Nevertheless, Bourguignon et al.
(2007) demonstrated as the selection bias correction based on the multinomial logit model seems a reasonable alternative to
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multinomial normal models when the focus is on estimating an outcome over selected populations rather than on estimating
the selection process itself. This seems robust even when the IIA hypothesis is violated.
Following, separated OLS for each group of diversification strategies are estimated in the welfare outcome equation
including the Inverse Mills Ratio (IMR) from the first step as additional regressor that capture selection bias. Moreover,
both the steps are corrected through the Chamberlain-Mundlak device (1978) that, by including the means of the timevarying covariates, controls for time invariant unobserved heterogeneity 1.
𝐼𝑛𝑐𝑜𝑚𝑒
We categorize 𝐷𝑖,𝑡
in a binary variable that assumes value 0 in the farmer 𝑖 relies only on on-farm income, while
𝐶𝑟𝑜𝑝

assumes value 1 if relies on additional income sources. 𝐷𝑖,𝑡

assumes three values: 0 for no crop diversification, 1 for low
𝑗

crop diversification and 2 for high crop diversification. Then we build our multinomial treatment variable, 𝐷𝑖,𝑡 , to be
𝐶𝑟𝑜𝑝

𝐼𝑛𝑐𝑜𝑚𝑒
estimated in the first step by allowing for all the potential combinations of 𝐷𝑖,𝑡
and 𝐷𝑖,𝑡

𝑗

. 𝐷𝑖,𝑡 goes from 0 to 5. At

each period 𝑖 adopts the strategy of diversification mix𝑗 that maximizes the expected welfare (or minimize the gap from the
permanent income) according to his endowment and the exogenous shocks with respect other diversification levels 𝑘 ≠ 𝑗.
Consequently, the probability that a farmer 𝑖 adopts a diversification mix level 𝑗, is equal to:

𝐶
𝑀
Prob(𝑗|𝐻𝑖,𝑡 , 𝑆𝑖,𝑡−𝜏
, 𝑆𝑖,𝑡
, 𝜇̅𝑖 ) =

𝑀
𝐶
exp(𝛼𝑗 + 𝐻𝑖,𝑡 𝛽𝑗 + 𝑆𝑒𝑎,𝑡−𝜏
𝛾𝑗 + 𝑆𝑖,𝑡
𝛿𝑗 + ℎ̅𝑖 Γ𝑗 )
𝑓𝑜𝑟 𝑎𝑙𝑙 𝑗 = 0,1,3,4,5,
𝐶
𝑀
∑𝑘≠𝑗 exp(𝛼𝑘 + 𝐻𝑖,𝑡 𝛽𝑘 + 𝑆𝑖,𝑡−𝜏
𝛾𝑘 + 𝑆𝑖,𝑡
𝛿𝑘 + ℎ̅𝑖 Γ𝑘 )

(3)

𝐶
𝑀
where 𝐻𝑖,𝑡 is a matrix containing the asset endowments 𝐾𝑖,𝑡 at HH level and the contemporaneous shocks 𝑆𝑒𝑎,𝑡
and 𝑆𝑒𝑎,𝑡
at
𝐶
enumeration area level; in the same manner,𝑆𝑒𝑎,𝑡−𝜏
represents the past observed shock at enumeration area level. These also

function as selection instruments to have the model identified (Di Falco et al., 2011). Finally,ℎ̅𝑖 is a vector of Mundlak
devices representing the mean time values of 𝐻𝑖,𝑡 , and 𝛽𝑗 , 𝛾𝑗 , 𝛿𝑗 , Γ𝑗 are unknown parameters to be estimated.
𝑗

In the second step, the 5 welfare outcome equations𝑊𝑖,𝑡 are estimated separately through an OLS and controlling for the
endogeneity of the diversification level adopted. The 6 regimes result as follows:

0
0
0
0
𝑊𝑖,𝑡
= 𝛼𝑖,𝑡
+ 𝐻𝑖,𝑡
Φ0 + ℎ̅𝑖0 Γ 0 + 𝜆̂0𝑖,𝑡 Ω0 + 𝑡 ∗ 𝜆̂0𝑖,𝑡 Ψ 0 + 𝜖𝑖,𝑡
{
⋮
5
5
5
5 5
5
5
̅
𝑊𝑖,𝑡 = 𝛼𝑖,𝑡 + 𝐻𝑖,𝑡 Φ + ℎ𝑖 Γ + 𝜆̂5𝑖,𝑡 Ω5 + 𝑡 ∗ 𝜆̂5𝑖,𝑡 Ψ 5 + 𝜖𝑖,𝑡

1

(4)

While this could be done with a fixed effect estimator, with nonlinear models there is evidence of incidental parameters problem that would affect
consistency of estimates (Wooldridge, 2005)
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𝑗
Where 𝜆̂𝑖,𝑡 is the IMRs estimated from (3) using the Durbin and McFadden formula (Bourguoignon et al., 2007) that are

also interacted with time dummies to control for time trend which could drive selection probability;Ω𝑗 and Ψ𝑗 are
𝑗

coefficients to be estimated and represent the covariance between selection and outcome equation, while 𝜖𝑖,𝑡 are normally
distributed error terms.

Expected actual and counterfactual outcomes
One of the main advantages of the PMES is the possibility to build counterfactual outcomes which assess the average
treatment effects (ATE) of the adoption of a diversification practice with respect to the other diversification levels and is
given by the structural difference of welfare between the actual adoption choice and a counterfactual scenario of adoption
choice. The actual expected outcomes are:
1
1
1
𝐸[𝑊𝑖,𝑡
|𝑗 = 1] = 𝛼𝑖,𝑡
+ 𝐻𝑖,𝑡
Φ1 + ℎ̅1𝑖 Γ1 + 𝜆̂1𝑖,𝑡 Ω1 + 𝑡 ∗ 𝜆̂1𝑖,𝑡 Ψ1
{
⋮
5
5
5
𝐸[𝑊𝑖,𝑡
|𝑗 = 5] = 𝛼𝑖,𝑡
+ 𝐻𝑖,𝑡
Φ5 + ℎ̅𝑖5 Γ 5 + 𝜆̂5𝑖,𝑡 Ω5 + 𝑡 ∗ 𝜆̂5𝑖,𝑡 Ψ 5

(5)

0
The counterfactual outcomes are obtained by plugging into equation (5) the coefficients obtained from the estimation of 𝑊𝑖,𝑡

in (3), as follow:
0
0
1
𝐸[𝑊𝑖,𝑡
|𝑗 = 1] = 𝛼𝑖,𝑡
+ 𝐻𝑖,𝑡
Φ0 + ℎ̅1𝑖 Γ 0 + 𝜆̂1𝑖,𝑡 Ω0 + 𝑡 ∗ 𝜆̂1𝑖,𝑡 Ψ 0
{
⋮
0
0
5
𝐸[𝑊𝑖,𝑡
|𝑗 = 5] = 𝛼𝑖,𝑡
+ 𝐻𝑖,𝑡
Φ0 + ℎ̅𝑖5 Γ 0 + 𝜆̂5𝑖,𝑡 Ω0 + 𝑡 ∗ 𝜆̂5𝑖,𝑡 Ψ 0

(6)

The zero-diversification mix is the base level category to estimate the ATE. The ATE is thus the welfare outcome that
adopters would have if they decided to not adopt any level of income and crop diversification and is equal to:
𝑗

0
𝐸[𝑊𝑖,𝑡 |𝑗 = 𝐽] − 𝐸[𝑊𝑖,𝑡
|𝑗 = 𝐽]
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(6)

6. Estimation results
In Table 3, we report the multinomial logit results of rural household decision to diversification.
Table 3 shows that factors influencing household decision to diversify crop and income portfolio are: sex of the household
head, marital status of the household head, land size, the use of intercropping, number of hours worked, the use of improved
seeds, the use of information services and climatic indicators such as the number of months in which SPI is less than -1 in
the last five years. The likelihood to diversify income and crops increases as the head of the household is female. This is
probably attributed to the fact that female-headed HHs have a higher degree of risk aversion (Covarrubias, 2015; Asfaw et
al, 2018). Single HH heads are less likely to diversify their crop portfolio, as it is also revealed in previous studies ().
Education does not represent a significant crop diversification determinant, on the other hand, we found that the more the
members are educated the higher the probability of participation in off-farm work (Yunez-Naude and Taylor, 2001).
Another push factor inducing households to diversify is the availability of land. Holding more agricultural land rises
household's probability to increase crop and income diversification because the risk aversion on vulnerable lands is higher
(Di Falco & Chavas, 2006). As expected, intercropping practises increase the probability of crop diversification set (I 0C1,
I0C2 , I1C1 , I1C2 ), while the adoption of improved seeds constitutes a negative driver of crop diversification since these
technologies outperform in intensive and monocropping cultures (Pascual & Perrings, 2007).
A nonlinear concave relationship can be found between diversification sets which include lower and higher crop
diversification level and a count climatic indicator such as the number of months in which SPI is less than -1 in the last five
years. When SPI is less than –1 indicates that drought events occurred. Thus, in the presence of climatic shocks such as
droughts farmers rely on a rich set of local landraces as part of an agricultural risk minimization strategy (Coromaldi et al.,
2015) but up to a certain level after which the crop diversification is not allowed due to the extreme weather conditions. On
the contrary, floods are related to a value of SPI greater than 1. In our results, this climatic indicator does not affect the
household’s decision to diversify.
The estimated coefficients of the outcome equations are reported in Table 4 and 5. As sensitivity analysis, we analyse the
implications of the diversification decision on consumption per capita as well as on gross crop income. In Table 4, we do
not report results for the inverse Mills ratios and the mean of time varying variables, however we noted that in some of the
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outcome equations the coefficients associated with these variables are significant, indicating the presence of sample
selection in the diversification choice set. ...

7. Conclusions

The aim of this paper is to explore to what extent farmers use crop and income diversity as a self-protection measure against
market and climatic shocks. Uganda LSMS ISA data and GLDAS dataset are employed in order to implement a two-steps
analysis. After applying multinomial endogenous switching regression model, results point out that rural households who
put in act a certain amount of crop diversification strategies might increase their own consumption, given the presence of
negative climate-related shocks and market outbreaks. Moreover, it appears that gender may play a specific role; most
specifically a female household head seems to positively affect diversification strategies, which is a potential key result to
consider when elaborating a policy. Climatic indicators confirm results acknowledge in past literature, which in this context
indicate a non-linear effect of climate on the probability to diversify. In sum, the outcome of the present paper suggests that
policies aiming at providing farmers with better access to crop and varietal diversity and at boosting gender empowerment
in

rural

communities

can

strengthen

their

13

capacity

to

adapt

to

climate

change.
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