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Abstract. Climate change has severe and pervasive impacts on natural systems and
affects many aspects of human life. Increasing temperatures and alterations in the
regimes of precipitations are adding pressure to global agricultural systems, which are
already struggling to respond to expanding global demand for food. This directly trans-
lates into additional risks for poor people living in developing countries who already
face precarious food security conditions. Focusing on the case of Uganda and using
household data from the National Panel Survey merged with climatic data from the
US National Oceanic and Atmospheric Administration, this paper explores the link
between climate change and households’ food insecurity. By applying a generalized
ordered logit model, this work provides quantitative evidence about the impact of cli-
mate variability on food and nutrition security of clustered food consumption groups of
smallholder farmers. Among the different socio-economic and environmental variables
affecting the households” food security conditions, time and cross-sectional variations
in the regime of precipitations play a crucial role. The results highlight that adaptation
programmes aimed to reduce climate-induced food insecurity and improve coping abili-
ties of rural communities should be site-specific and involve local communities with the
aim of considering the specific risk exposure of the different agro-ecological areas.

Keywords: climate change, food and nutrition security, smallholder farming, general-
ized ordered regression, East Africa.
JEL codes: O13, P48, Q18.

HIGHLIGHTS:

Climate-induced effects on food production risk exacerbating the already
precarious livelihood and food security conditions of people living in
Uganda.

Socio-demographic characteristics as well as agricultural activities based
on crop diversification and mixed crop-livestock systems have an impor-
tant influence on household food security.

Time and cross-sectional variations in precipitation regime play a crucial
role.

Policy interventions should be site-specific and based on the involvement
of local communities.
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1. INTRODUCTION

Climate change is widely recognized as the most
important global environmental problem, the scientific
evidence of which is unequivocal (Pachauri et al., 2014).
More than other major economic sectors, agriculture
is particularly affected by weather alterations because
it is climate-sensitive and highly dependent on natural
equilibriums. Increases in temperatures, rainfall varia-
tions and growing frequency of extreme weather events
are adding pressure to agricultural systems, which are
already struggling to respond to increasing food demand
due to global population growth (FAO, 2015). These risks
are unevenly distributed and are usually greater for peo-
ple living in developing countries because of their socio-
economic vulnerability, poor agricultural production
systems, and diffuse food insecurity (Collier et al., 2008).
This is particularly true in Sub-Saharan Africa, a region
mostly exposed to climatic drivers whose alteration
risks exacerbating the incidence and severity of extreme
weather events (Collier et al., 2008) with unavoidable
consequences in terms of food and nutrition insecu-
rity (Campbell et al., 2016). In such vulnerable contexts,
severe climate variations might affect food systems in
several ways, ranging from direct effects on crop pro-
duction, livestock and fisheries, to changes in markets,
food prices and supply chain infrastructures (Gavagnin,
Zolin, 2016). With reference to crop production, climate
change simulations combining all Sub-Saharan regions
suggest consistent negative effects on major cereal crops,
with yield losses ranging from 2% for sorghum to 35%
for wheat by 2050 (Ebi et al., 2014). Climate shocks can
also exacerbate livestock activities and grazing systems
with the following negative impacts (Ebi et al., 2014;
Hopkins, Del Prado, 2007; Solomon et al., 2007; Smuck-
er, Wisner, 2008; Galvin, 2009; Thornton et al., 2009;
Dougill et al., 2010; Ifejika Speranza, 2010): (i) rangeland
degradation; (ii) increased variability in access to water;
(iii) changes in land tenure; (iv) fragmentation of grazing
areas; (iv) lack of opportunities to diversify livestock; (v)
immigration of non-pastoralists into grazing areas; and
(vi) changes in herbage quality and pasture composition.
The negative impacts of climate change not only affect
the food production, but also influence the farmers’
income, food accessibility, food supply, and food security
(Murniati, 2020).

Such climate-induced effects are projected to be par-
ticularly severe in East Africa due to the interactions
of multiple factors such as a fast-growing population,
extreme poverty, violent conflicts, poor infrastructure,
overdependence on rainfed agriculture, and a severe
food insecurity situation. Most rural households living
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in these regions face precarious livelihood conditions
due to political and social instability, economic con-
straints and poor access to resources and infrastruc-
tures. Declining soil fertility, low crop yields and live-
stock losses caused by climatic variability risk exacerbat-
ing the already precarious livelihood and food security
conditions of local people (Kristjanson et al., 2012; Jayne
et al., 2006; Rufino et al., 2013; Wichern et al., 2017). In
Eastern Africa, since 2005 the number of undernour-
ished people has increased, reaching a peak of 133.1 mil-
lion people in 2018, while the prevalence of severe and
moderate food insecurity resulted respectively equal to
25.9% and 62.7% of the total population. (FAO, IFAD,
UNICEF, WEP and WHO, 2019).

Focusing on the case of Uganda and using house-
hold data from the National Panel Survey merged with
climatic data from the US National Oceanic and Atmos-
pheric Administration, this paper explores the link
existing between climate change and households’ food
insecurity. Specifically, it aims to answer the following
research questions: (i) what are the main socio-economic
and environmental factors affecting households’ food
security? (ii) to what extent can climate change affect
food security?

Much research has been conducted with reference
to the link existing between climate change and agri-
cultural productivity (Chipanshi et al., 2003; Knox et
al., 2012; Tingem et al., 2008; Ayinde et al., 2011; Nastis
et al., 2012; Calzadilla et al., 2014; Bandara, Cai, 2014),
but only a few of them analyse the direct and indirect
impacts that climate change has on food security dimen-
sions (Esham et al., 2017), especially at household level.
Furthermore, the majority of studies analyse climate
change effects on food security considering just the per-
ception of farmers towards weather alterations as an
indicator of the on-going climate change (Mekonnen et
al., 2021). However, this approach appears limited since
it is strongly connected to personal opinions which do
not always reflect the actual weather modifications.
Hence, the main goal of this study is to provide a more
objective perspective by empirically assessing the role
played by temperature and precipitation changes on food
security. For that purpose, indicators of climate variabil-
ity were introduced into a rigorous econometric model
applied using national household’s data from different
agro-ecological zones. The robust results obtained could
contribute to the existing literature and can be used to
define and adjust policies aimed at reducing food inse-
curity and vulnerability in developing contexts.

The paper is structured as follows. Section 2 pro-
vides a description of climate change dynamics in the
study area. Section 3 illustrates the data used in the
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analysis. Section 4 presents the conceptual framework
and methodologies applied. Results are described and
discussed in Section 5. Conclusions and policy implica-
tions are provided in Section 6.

2. DESCRIPTION OF CLIMATE CHANGE DYNAMICS
AND IMPACTS IN UGANDA

The study analyses the case study of Uganda, a land-
locked country located in the Eastern part of the Afri-
can continent. It is characterized by diverse climate pat-
terns due to the country’s unique biophysical features.
Rainfall varies throughout the country, with patterns
ranging from “bimodal” (with a first rainy season occur-
ring from March to June and a second from September
to December) to “unimodal” (with a unique rainy sea-
son occurring from March to October). This last climat-
ic condition characterizes the northern region, which
forms one quarter of the country and lies outside the
tropical belt (World Bank, 2021). Such patterns are also
influenced by the action of El Nifio Southern Oscillation
phenomena, which are principal driving forces of intra-
annual to inter-annual rainfall variability. These natu-
ral equilibriums are however altered by the on-going
global warming. Time series analyses show that average
temperatures in Uganda have increased by 1.3 °C since
the 1960s, with hot days increasing by an average of 8-6
days per month (World Bank, 2021). Uganda has also
experienced statistically significant changes in annual
precipitations. Since the 1960s, seasonal rainfall has
been characterized by decreases of 6.0 mm per month,
per decade (McSweeney, Lizcane, 2010). However, the
incidence of such changes in precipitation patterns var-
ies within the country. Specifically, over the past 20
years, western, northern and north-eastern regions have
experienced an increase in the frequency and magnitude
of long-lasting extreme events like drought periods and
flooding (World Bank, 2021).

Considering the high-emission scenario, monthly
temperature in Uganda is expected to increase by 1.8 °C
for the 2050s and by 3.7 °C by the 2090s. At the same
time, the percentage of rainfall occurring from heavy
precipitation events is anticipated to increase, which
would also escalate the risk of disasters such as floods
and landslides (USAID, 2012).

All these projected changes risk further compro-
mising the productivity of the agricultural sector, which
plays a crucial role in Uganda’s food security and eco-
nomic prosperity. Projected heat stresses, reduced water
availability and watershed re-charge and increased fre-
quency and intensity of extreme weather events are likely

to contribute to reductions in the national production of
food crops such as cassava, maize and groundnuts. More
in depth, water stresses lead to shortening of the crop
reproduction stage, reduction in leaf area and closure
of stomata to minimize water loss, reducing crop yields
(Adhikari et al., 2015). Increased heat and water scarcity
can also alter the occurrence and distribution of pests,
and stress livestock and fishery activities, resulting in dis-
rupted livelihoods and significant economic losses (Wal-
ter et al., 2010; Kimaro, 2013; Bett, 2017; Rahimi, 2021).

Such unstable agricultural and food production may
have negative implications not only in terms of food
availability and access, but also with regard to food uti-
lization, by reducing the variety and number of foods
used as micronutrients’ sources, influencing decisions to
grow crops of different nutritional value, and/or altering
the nutritional content of specific foods (Burke, Lobell,
2010). Moreover, climate change may increase the inci-
dence of infectious diseases thereby increasing the calor-
ic requirements of affected populations, reducing the
body’s absorption and utilization of essential nutrients,
and then increasing the overall nutrition needs (World
Food Programme, 2012).

All the aforementioned climate-induced conse-
quences risk exacerbating the already precarious food
security conditions of people living in Uganda. Indeed,
despite the majority of the population in this country
having an acceptable food consumption score, 17.6 mil-
lion people are undernourished, while about 12% con-
tinue to be chronically food insecure, don’t have an
adequate energy intake and can’t afford a diversified diet
(FAO, IFAD, UNICEF, WFP and WHO, 2019).

3. DATA AND STUDY AREA

For the purpose of this study, we used a combina-
tion of household and climatic data obtained from two
different sources. Household data were extracted from
the Uganda National Panel Survey (UNPS), referred to
the 2013/2014 cropping seasons!. They were collected
from a sample of 3,123 households equally distributed in
101 districts and covering all the country regions: Cen-
tral, Eastern, Western and Northern (Uganda Bureau of
Statistics, 2014).

Using the UNPS data, we selected demographic
and socio-economic information including: household

! The UNPS data were collected in Uganda from September 2013 to
August 2014, as part of an household survey commenced in 2009/2010
and supported financially and technically by the Government of Neth-
erlands and the World Bank Living Standard Measurement Study -
Integrated Surveys on Agriculture (LSMS - ISA) project (UBOS, 2014).
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Figure 1. Geographical distribution of districts and weather stations
in Uganda.
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members’ demographics (i.e. age, gender, marital status,
level of education or formal schooling, health); life con-
ditions (i.e. household incomes, welfare conditions and
food security); and agricultural activities (i.e. region,
crop land area, crop and livestock inputs). With the aim
of computing and introducing climatic variables in the
analysis (i.e. median absolute deviation of temperature
and precipitation), historical data of rainfall and temper-
ature made available from the US National Oceanic and
Atmospheric Administration (NOAA) were also used.
The following weather stations have been considered: (i)
Arua; (ii) Entebbe International; (iii) Jinja; (iv) Kabale;
(v) Kasese; (vi) Masindi; (vii) Mbarara; and (viii) Soroti.

The geographical distribution of sampled districts
and weather stations is shown in Figure 1.

4. CONCEPTUAL FRAMEWORK AND
METHODOLOGY

4.1. Conceptual framework

The academic and political debate surrounding food
security measurement is ongoing, due to its multidimen-
sional aspects (Cafiero et al., 2014; Bertelli, 2019). Several
indexes are defined to capture part of this multidimen-
sionality through food supply quantification at country
level, as well as food consumption characterization and
nutritional outcome measurement at household or indi-
vidual level. Cafiero et al. (2014) proposed a framework
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to classify food security indicators in the following two
categories: (i) indicators based on the concept of food
consumption adequacy (e.g. Prevalence of undernourish-
ment, Household Dietary Diversity Score and Food Con-
sumption Score); and (ii) indicators based on experience-
based food security scales (e.g. Household Food Secu-
rity Survey Module, Household Food Insecurity Access
Scale, Latin American and Caribbean Food Security
Scale, and the Food Insecurity Experience Scale).

For the purpose of this study, we decided to adopt
an approach based on food consumption adequacy.
Specifically, we selected the Food Consumption Score
(FCS) as a proxy for the households’ food security level
because it allowed us to capture both quality (dietary
diversity) and quantity (number of foods consumed)
perspectives of nutrition security. FCS is defined as
«the frequency-weighted diet diversity score calculated
using the frequency of consumption of different food
groups consumed by a household during the 7 days
before the survey» (World Food Programme, 2008). It
aims to capture aspects such as dietary diversity, fre-
quency of food group consumption, and nutritional
value of food (Leroy et al., 2015). Such an indicator
allows food security to be summarized by summarizing
the three aspects reflected in the food frequency data:
(i) dietary diversity; (ii) frequency of food group con-
sumption; and (iii) nutrition value of food (Cafiero et
al., 2014).

We computed the FCS following the Food Con-
sumption Analysis guidelines published by the World
Food Programme (2008): (i) we considered a list of 62
foods that were indicated by farmers as being consumed
in the previous 7 days; (ii) we classified food items in 9
groups; (iii) we computed the score by multiplying each
food group frequency by related food-group weights
(reflecting the caloric density and macronutrient content
of foods) and then summing these scores into one com-
posite score; (iv) we categorized the selected households
as having a poor (0-28), borderline (28.5-42), or accept-
able (< 42) food consumption profile?.

Following this procedure, we obtained the food
consumption groups shown in Figure 2. Despite most
households (about 78%) showing an acceptable food con-
sumption level, about 17 and 5% were characterized as
borderline and poor respectively. This estimate confirms
the results obtained by the FAO (2016), which identified

2 The thresholds adopted to classify sampled households in these food
consumption clusters were set according to assumptions of dietary pat-
terns. In particular, since the households in the sample were found to
have a high frequency of sugar and oil consumption (mean consump-
tion of which was equal to more than 7 times per week), it was neces-
sary to use the alternative cut-offs of 28 and 42.
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Figure 2. Food consumption profile of respondent households (%
of households).

= Borderline

= Poor = Acceptable

24.8% of the total population as being unable to meet
their minimum dietary energy requirements. Such food
group clustering was used in the study to build a three-
category dependent variable.

4.2. Econometric model

An ordered logit model was initially considered to
identify factors affecting the household level of dietary
diversity, food frequency and relative nutrition value.
This econometric model is widely used in the literature
to perform analyses where the dependent variable is rep-
resented by the food consumption score (Lokosang et al.,
2011; Aweke et al., 2020; Hilemelekot et al., 2021). It is
commonly presented as a latent variable model where y
is defined as the observed ordinal variable and y* as a
continuous unmeasured latent variable ranging from -co
to e and having various thresholds points.

In this study, the continuous latent variable y* is
equal to:

Vi=xf+g D

where i is the household observed, x is the set of socio-
demographic, economic and climate - related inde-
pendent variables (see Table 1), B is the kx1 vector of
unknown parameters and ¢ is the random error. The
observed dependent representing the food consumption
score y is determined by the following model:

y; = Lif y%<ow, Poor food consumption profile
y; =2 if w;<y*<w, Bordetline food consumption profile
v =3if y 2w, Acceptable food consumption profile

where wy, or cut-points, are unknown parameters to be
assessed. Estimates are obtained by maximizing the log
likelihood function for each category of y. In our case
as the dependent variable takes on the value 1,2 and 3,
there are two cut-points w; and w,.

The sign of the parameters p can be immediately
interpreted as determining whether the latent vari-
able (y*) increases or decreases with the regressors. If p;
is positive, an increase in x; (or, in the case of dummy
variable, the presence of the specific characteristic x;)
increases the probability of being in the highest category
(acceptable food consumption profile) and decreases the
probability of being in the lowest categories (poor and
borderline food consumption profiles) (Cameron and
Trivedi, 2010).

In the ordered regression model, both coefficients
and cut-points are usually estimated using maximum
likelihood (Williams, 2006). After this estimation it is
possible to identify the underlying probability that y will
take on a specific value (Scott Long & Frees, 2014):

Pr (y;=k) = Pr (0 < y* < wyy) (2)

where

exp(aXi'— kj)
1+ exp(aXl-'— kj)

Py, > wy) = k=12 3

Based on the parallel line assumption, in the
ordered logit model, the relationship between any pairs
outcome category is assumed to be equal. Specifically,
the thresholds have to be fixed for all explanatory vari-
ables. However, this assumption resulted violated in the
ordered logit model implemented for the purpose of this
study (the Brant test of parallel regression assumption
resulted statistically significant). To address this problem
and avoid biased estimates, a generalized ordered logit/
partial proportional odds model was used.

By applying this econometric model, the probability
of having y* larger than a specific threshold can be spec-
ified as (Williams, 2006):

! !
exp(Xy; b1+Xy; baj—kj)
1+exp(X{i b1+X£L- byj—kj)

Py > wy) = k=1,2 4)
where b, is a vector of parameters of variables that fol-
low the parallel line assumption (X)) and b,; is a vector
of parameters of variables that vary across different food
consumption profiles (X;).

In order to indicate how different factors affect the
response variable on the underlying scale, marginal
effects were estimated as follows:

ePr (vi=j) _
Cxy -

{F oy - X' f8) - (o - X7 )} - fB; ®)
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This provides information on the impact that
changes may have on the average probability of having
some food consumption profile.

5. RESULTS AND DISCUSSIONS
5.1. Description of variables

The independent variables used in the econometric
model are described in Table 1. Households” demograph-
ics provide information about family members as well
as gender, age, marital status, and education level of the
household head. Descriptive statistics indicate that sam-
pled smallholder farmers are mostly middle-aged, male,
monogamous and with (at least) a primary education level.

A second variables group includes physical and eco-
nomic assets such as: (i) income; (ii) size of cropland
used; (iii) livestock ownership (measured using tropi-
cal livestock units®); (iv) use of organic and chemical
agricultural inputs; (v) use of improved varieties; and
(vi) crop diversification. The introduction of this last
variable is based on the assumption that an increasing
number of cash and food crops can have both direct
and indirect impacts on the food security status of the
household. Indeed, while an increase in the production
of cash crops can determine an increase in the agricul-
tural income of the household (economic food access),
a greater variety of food crops can directly affect the
diversification of the diet adopted by family members. In
the construction of the variable, we tried to represent the
wide range of agricultural products produced in Ugan-
da such as coffee, tea, sugar, cotton, tobacco, plantains,
corn, beans, cassava, sweet potatoes, millet, sorghum
and groundnuts.

A third variables group considers environmen-
tal and climatic factors such as household geographical
location and climate. Since in developing countries like
Uganda meteorological stations are sparse and climate
data at micro-level are scarce (Demeke et al., 2011), the
study uses both subjective and objective measures of
climate variability. Specifically, the subjective indica-
tor considers households’ perception of extremes such
as drought periods and flooding events occurred in the
preceding agricultural season. Furthermore, we included
in the analysis the observed rainfall data from nearby
weather stations illustrated in Section 3. Finally, consid-
ering long-term climate variability, the Median Absolute

3 Tropical Livestock Units (TLU) are computed converting to a common
unit the number of livestock heads of different animal species. Conver-
sion factors used are: cattle = 0.7; sheep= 0.1; pigs=0.2; chickens=0.01
(FAO, 2009).
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Deviation* (MAD) of both temperature and precipita-
tions was computed and included in the analysis with
the aim of detecting the riskiness of temperature and
rainfall variations. This indicator represents a measure
of statistical dispersion based on the absolute deviations
from the median of the distribution (Howell, 2014).

5.2. Interaction effects and regional comparisons

With the aim of conducting more in-depth analy-
ses on the effects climate variations have on household’s
food security, we defined interaction terms® combining
the regional location of households with time and cross-
sectional climatic variations. Given the strong variabil-
ity existing among the different geographical regions in
terms of timing and regularity of rainfall patterns, and
taking into consideration the crucial role water availabil-
ity has for rural farms, we decided to build interaction
terms by involving climatic variables connected with
precipitations. Using analysis of variance (ANOVA) to
detect the existence and significance of the interactions,
we defined the interaction terms involving the regional
location of the households with median absolute devia-
tion of precipitation as well as the average precipitation
level occurred in the last agricultural season.

5.3. Results

The results of the econometric analysis are shown in
Table 2.

a) Households’ demographics

With reference to the gender of households’ head,
results show that an acceptable food security profile is
negatively connected with male headed households (the
probability of having an acceptable food consumption
profile decreases by 7.4%). This result seems not to be
in line with part of the literature that considers female-
headed households among the hardest hit by hunger
(Jones et al., 2017; Kassie et al., 2014; Tibesigwa, Visser,
2016). In contrast, a growing body of evidence in inter-
national development found no significant differences in
food security condition between male and female-head-
ed households (Mallick, Rafi, 2010). In this regard, our
results provide support to the literature that considers the

4In the presence of distributions with heavier tails, MAD is a robust
statistic and is more efficient than variance or standard deviation, being
more resilient to outliers in the dataset.

5 An interaction describes non-causal associations and occurs when an
independent variable has a different effect on the outcome depending
on the value of another independent variable (Cox, 1984).
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Table 1. Independent variables: names, description and measurement units.

Variables name Description Mean St.Dev.
Demographics
Household head male Dummy, =1 if the household head is male, 0 otherwise 0.690  0.463
Household head age Age of household head in years 47.223 15.435
Household head marital =~ Categorical variable illustrating the marital status of the household head,
status =1 if household head is monogamous, 0.559  0.497
=2 if household head is polygamous, 0.195  0.397
=3 widows or not married 0.246  0.431
Household head educated Dummy, =1 if the household head attended at least primary school, 0 otherwise 0.832  0.374
Family members Number of household members 6.033 2940
Physical and economic assets
Cropland area Size of land under cultivation in acres 3.130  3.964
Organic fertilizers Dummy, =1 if the household uses organic fertilizers, 0 otherwise 0.117  0.322
Chemical fertilizers Dummy, =1 if the household uses chemical fertilizers, 0 otherwise 0.061  0.239
Pesticides Dummy, =1 if the household uses pesticides, 0 otherwise 0.142  0.349
Improved varieties Dummy, =1 if the household uses improved varieties, 0 otherwise 0.224 0417
Livestock Tropical Livestock Units (TLU) 1.197  2.644
Crop diversification Number of crops cultivated in the last agricultural season 4970  2.644
Income Amount of family income (USD) 22.992 216.045
Environmental and climatic context
Geographical region Categorical variable illustrating the geographical location of the household,
=1 if household is located in the Western region, 0.258  0.438
=2 if household is located in the Central region, 0.219 0.414
=3 if household is located in the Eastern region, 0.254  0.436
=4 if household is located in the Northern region 0.268  0.443
Urban area Dummy, =1 if household is in an urban area, 0 otherwise 0.136  0.343
Variability of precipitation Mean Absolute Deviation of precipitation considering the long-term period 1995-2013 (mm) 26.65 24.659
Variability of temperature Mean Absolute Deviation of temperatures considering the long-term period 1995-2013 (°C) ~ 0.717  0.581
Mean rainfall Average district rainfall occurred in 2013 and obtained from the nearby weather station (mm) 43.599 47.681
Perception of erratic rainfall Dummy, =1 if farmers perceived drought events in the last 12 months, 0 otherwise 0.282  0.450

increasing importance of women at household and com-
munity levels as a significant determinant of better agri-
cultural and development outcomes, including increases
in farm productivity, progresses in family nutrition and
improvements in the level of child undernourishment
and child mortality (Farnwortha, Colversonb, 2015;
Scanlan, 2004; Sraboni et al., 2014; Zhou et al., 2019).

With reference to the marital status, households
whose head is monogamous or polygamous are more
likely to be food secure than households managed by
individuals who are widowed or not married. This is
probably due to the precarious socio-economic condi-
tions underlying this last status, which is more common
among female-headed households (Verma, 2001).

We found that households managed by an educated
head are characterized by a higher level of food secu-
rity (the probability of having an acceptable food con-
sumption profile increases by 8.8 percentage points).
This result is in line with the literature and confirms

that education plays an important role in ensuring food
security and improving nutritional status (Keenan et al.,
2001; Smith et al., 2017). Educated farmers utilize their
knowledge to improve agricultural production and seek
alternative livelihood opportunities with the aim of
enhancing its resilience to climate change and improv-
ing food systems (Mwaura, 2017).

The increasing number of family members is positively
associated with a high level of food security. Since family
size is considered a proxy for labour availability, this result
confirms that large families whose members work in the
field could benefit from an increase in total agricultural and
food production. On the other hand, a large number of fam-
ily members could be linked to different sources of income
that can support the household economic access to food.

b) Households’ physical and economic assets
Size of plots available (expressed in acres) is found
to be related to a high food security level. The avail-
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Table 2. Results of generalized ordered logit regression model.

Marginal Effects
Food Consumption Score Coefl. (Std. Err.)

(Acceptable vs. Poor — Borderline) (Std. Err.)

Poor Borderline Acceptable

Household’s demographics

Household head male -0.515%** 0.018*** 0.056*** -0.074***
(0.174) (0.006) (0.019) (0.025)
Household head age 0.005 0.000 -0.001 0.001
(0.004) (0.000) (0.000) (0.001)
Household head monogamous 0.509*** -0.018*** -0.056%** 0.074***
(0.189) (0.007) (0.021) (0.027)
Household head polygamous 0.431** -0.015%* -0.047** 0.062**
(0.197) (0.007) (0.021) (0.028)
Household head educated 0.610%** -0.022%% -0.067*** 0.088***
(0.157) (0.006) (0.017) (0.022)
Family members 0.060*** -0.002** -0.007*** 0.009***
(0.023) (0.001) (0.002) (0.003)
Household’s physical and economic assets
Cropland area 0.056* -0.002% -0.006** 0.008**
(0.029) (0.001) (0.003) (0.004)
Organic fertilizers 0.246 -0.009 -0.027 0.035
(0.240) (0.009) (0.026) (0.035)
Chemical fertilizers 1.107%* -0.039*%* -0,121%%* 0.160%**
(0.413) (0.015) (0.045) (0.060)
Pesticides 0.005 0.000 -0.001 0.001
(0.201) (0.007) (0.022) (0.029)
Improved varieties 0.400** -0.014** -0.044** 0.058**
(0.163) (0.006) (0.018) (0.024)
Livestock 0.305%** -0.011%** -0.033%** 0.044***
(0.063) (0.002) (0.007) (0.009)
Crop diversification 0.059** -0.002** -0,006** 0.008**
(0.028) (0.001) (0.003) (0.004)
Income 0.001 0.000 0.000 0.000
(0.001) (0.000) (0.000) (0.000)
Environmental and climatic context
Eastern region -1.333%* -0.065* -0.066 0.131*
(0.581) (0.034) (0.064) (0.064)
Central region -0.625 -0.063* -0.048 0.112%**
(0.399) (0.033) (0.046) (0.039)
Northern region -1.4134%* -0.039 0.017 0.022
(0.461) (0,035) (0.047) (0.045)
Urban area 0.171 -0.006 -0.019 0.025
(0.177) (0.006) (0.019) (0.026)
Variability of temperature -0.110 0.004 0.012 -0.016
(0.164) (0.006) (0.018) (0.024)
Perception of erratic rainfall -0.002 0.000 0.000 0.000
(0.136) (0.005) (0.015) (0.020)

Region # Variability of precipitation

Western region # Variability of precipitation -0.004 - - -
(0.020) ; ; ;
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Marginal Effects

Food Consumption Score Coeff. (Std. Err)
(Acceptable vs. Poor — Borderline) (Std. Err.)
Poor Borderline Acceptable
Eastern region # Variability of precipitation -0.065 - - -
(0.094) - - -
Central region # Variability of precipitation 0.001 - - -
(0.021) - - -
Northern region # Variability of precipitation -0.032** - - -
(0.026) - - -
Region # Mean rainfall - - -
Western region # Mean rainfall -0.027** - - -
(0.012) - - -
Eastern region # Mean rainfall 0.103 - - -
(0.153) - - -
Central region # Mean rainfall 0.000 - - -
(0.011) - - -
Northern region # Mean rainfall 0.035%** - - -
(0.017) : . :
Cut point 1 2.517
(0.425)
Cut point 2 -0.525
(0.414)
LR chi?(27) 236.53
Prob > chi? 0,0000
Pseudo R? 0.0930
AIC! 2,367.67

* significant at 10%, ** significant at 5%, *** significant at 1%.

!'The Akaike information criterion (AIC) is a measure of fit that can be used to assess models. This measure uses the log-likelihood, but
adds a penalizing term associated with the number of variables. Such a measure tries to balance the GOF versus the inclusion of variables in
the model. The AIC is computed as follows: AIC = -2 x LL + 2p (Lord et al., 2021).

ability of large plots of land probably allows farmers to
expand their agricultural activities and increase food
production. At the same time, an increasing number
of crops cultivated in the field positively influences the
food security status of the household. This result con-
firms that, in subsistence-oriented agricultural systems,
a diverse agricultural portfolio allows a more diversified
and nutritious diet. At the same time, in market-orient-
ed households, an increase in the number of cash crops
can determine higher agricultural incomes and then
improvements in the economic food access.

The use of chemical fertilizers is found to be statisti-
cally significant and positively related with a high level
of food security (with an increase in the probability of
having an acceptable food security profile equal to 16%).
Increased inorganic fertilizer use can lead to imme-
diate and important increases in yields, especially in
contexts where the adoption of traditional soil-fertility-
maintenance techniques and organic fertilizers are often

ineffective (Emmanuel et al., 2016). For yields increase
and fertility maintenance, chemical fertilizer applica-
tion is considered the least-cost solution because of the
limited supply and low nutrient levels of organic inputs
(e.g. manure) and the limited crop residues available for
mulching (Abdoulaye and Sanders, 2005)

Not surprisingly, the adoption of improved varieties
is positively associated with a high level of food security,
confirming that such agricultural technology can signifi-
cantly increase household crop production and income,
enhancing the household’s chances of escaping poverty
and food insecurity (Kassie et al., 2011).

Livestock ownership is found to be positively related
with high food security levels (with an increase of one
TLU, the probability of having an acceptable food con-
sumption profile increases by 4.4%). This result could be
linked with the role of livestock activities, which represents
a direct source of food (meat and milk) for the household
members and are also an important source of income.
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Furthermore, it is demonstrated that farmers specialized
in crop production are more vulnerable than those in
mixed crop-livestock systems (Tibesigwa et al., 2015).

¢) Environmental and climatic context

With reference to the environmental and climatic
aspects, results show that households’ food security con-
ditions vary greatly across the country. Specifically, it is
clear that the smallholder farms located in the North-
ern and Eastern regions have a lower probability to be
food secure with respect to those located in the Western
areas. This result confirms the most precarious condi-
tions affecting rural communities living in such regions,
which are characterized by food deficits due to unfa-
vourable socio-economic and agro-ecological conditions.
(Wichern et al., 2017). The precarious situation of the
Northern region is particularly evident considering also
the climatic variables. Indeed, the parameter estimate
for rainfall variability measured by the long-run median
absolute deviation is found to be statistically significant
and negatively associated with acceptable levels of food
security of local households. The Northern region in
general, and the Karamoja area in particular, is charac-
terized by changeable and unreliable precipitations dur-
ing the rainy season. Despite dry periods being consid-
ered a natural occurrence in these territories, long-term
climatic trends show that their frequency and intensity
seem to be exacerbated by the on-going climate change
(Jordaan, 2015). The pivotal role of precipitation in this
region is also confirmed by the variable representing the
average rainfall occurred during the last agricultural
season (during 2013). This variable was found to be sta-
tistically significant and positively connected with high-
er levels of food security. This result confirms that, in
those territories with a semi-arid climate and prolonged
drought periods, an increasing occurrence of precipita-
tions can have positive effects on food production and
then on food security (Demeke et al., 2011). On the oth-
er hand, in the Western region of Uganda, the incidence
of increasing rainfall occurred in 2013 was found to be
statistically significant and negatively connected with
acceptable food security levels. This result could be due
to the incidence of the exceptional flooding event that
occurred in May 2013, which is considered the worst
since 1966 (Boyce et al., 2016). Specifically, between the
1*t and 5™ of May 2013, heavy rains caused flooding that
submerged 9 sub counties of Kasese District. Houses and
infrastructures were destroyed, causing enormous dam-
age to the livelihood conditions of local populations.
This result confirms that, although in some cases a mod-
erate increase in rainfall can bring benefits in terms of
agricultural production and food security to areas with
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a predominantly arid climate, in some other contexts
extreme precipitations and flooding events can cause
enormous damage and adversely affect livelihood, health
and food safety.

Although not statistically significant, the long-run
temperature variability and its negative coeflicient pro-
vide important insights. Specifically, an increase in the
median absolute deviation of temperatures determines
a decrease in the probability of being food secure equal
to 1.6%. This result could be due to the fact that higher
temperatures increase suitable conditions for crop dis-
eases and pest infestations such as blast and bacterial
leaf blight in rice, aflatoxin in maize, fungal and viral
disease in banana, and coffee rust in coffee trees (World
Bank, 2021). Such temperature-induced effects on food
production appear however not significant and/or deter-
minant with reference to the case study illustrated here.

The role of the climate variables illustrated above is
also confirmed by the results obtained by dividing the
sample according to geographical areas and using paral-
lel econometric models (Appendix).

Surprisingly, the variable illustrating the percep-
tion of erratic rainfall appears to be not statistically sig-
nificant. This result demonstrates that the perception of
farmers can often be biased by a subjective perspective,
which is not always adherent to the real weather situa-
tion. Using the farmers’ perception as unique proxy for
climate change is therefore not always effective and may
lead to conclusions that are not entirely objective and in
line with the reality.

6. CONCLUSIONS

This study provided quantitative evidence and con-
ceptual insights of factors determining smallholders’
food and nutrition security in a context characterized by
increasing weather variability and climate change. The
food consumption score index was used to define the
households’ food security profile, while a set of climatic
variables were introduced in the analysis to detect the
incidence that climate variability has on food and nutri-
tion security.

Results confirm that socio-demographic aspects like
gender, education and marital status of the household
head, as well as family size, can have a determinant role
in the food security level of households. Furthermore,
variables mainly connected to agricultural productiv-
ity, such as the existence of mixed crop-livestock sys-
tems, the use of improved seeds and chemical fertiliz-
ers, and the adoption of agricultural systems based on
crop diversification have a pivotal role in the improve-
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ment of household food and nutrition security. Among
the environmental and climatic variables, variations in
the regime of precipitations (both in a long- and short-
term perspective) seems to be particularly important in
the definition of food security. However, the effect of
erratic rainfall seems to be strongly connected with the
geographical location of the smallholder farms. Such
results suggest that policy actions and adaptation pro-
grammes should be site-specific and designed taking
into consideration the specific risk exposure of the dif-
ferent agro-ecological areas. In order to generate ad-hoc
policies based more on the different exposure of Uganda
regions to climate change, it will also be necessary to
involve local communities, which are currently exclud-
ed from strategic decisions and policies formulation
(Ampaire et al., 2017). Furthermore, the communication
between national, district and community levels should
be improved to allow for greater responsiveness to local
needs, climate emergencies and food crises.

To address food insecurity caused by climate vari-
ability and improve smallholder farm’s resilience, it is
also important to adopt an approach based on absorp-
tive, adaptive and transformative capacity measures.
Indeed, while the absorptive and adaptive capac-
ity measures are based on the ability to minimize the
exposure to shocks and make informed choices about
strategies to adopt, transformative capacity actions are
focused on system level conditions that are necessary to
create long-term resilience (Ansah et al., 2019).

Results obtained in the study also suggest that, at farm
level, adaptation strategies may be achieved by implement-
ing various sustainable practices such as: (i) crop diversifi-
cation; (ii) inter-planting (mixed cropping); and (iii) plant-
ing drought-resilient crops (Al Dirani et al., 2021).

Even if the paper focuses on the case of Uganda, the
methods used could be easily replicated in other coun-
tries. Results could be of interest for the international
community because they may apply to many develop-
ing countries with a similar structure of smallholder
agriculture and food and nutrition security problems, as
well as climatic drivers and agriculture framework.

Limits to the validity of our results exist. Although
the multidimensionality of the FCS allowed nutrition-
al aspects of food security to be considered, it tends to
overestimate the frequency of food secure units com-
pared to some other food security indicators (Lovon,
Mathiassen, 2014). This implies that the results could
be biased by food insecurity incidence underestimation.
Such an element is also confirmed by the low percentage
representing households with a poor food consumption
profile. Furthermore, dietary energy content is used in
FCS to define food categories. However, the energy con-

tent of certain food combinations is not necessarily the
best way to capture adequacy regarding nutritional value
(Cafiero et al., 2014). Further researches could therefore
involve the use and comparison of different food secu-
rity indicators in order to provide more evidence to sup-
port the thesis discussed in the present study.
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APPENDIX

Table A.1. Results of generalized ordered logit regression model, by region.

Food Consumption Score (Acceptable vs. Poor — Borderline) Western Eastern Central Northern

Household’s demographics

Household head male 0.062 -0.282 -l.446  *** -0.675
Household head age 0.007 0.001 0.005 0.004
Household head monogamous 0.368 0.321 0.717 * 0.655 o
+Household head polygamous 0.389 0.214 1.241 ** o 0.525
Household head educated 0.315 0.212 0.954 e 1.041 ¥
Family members -0.003 0.117  ***  0.062 0.037
Household’s physical and economic assets

Cropland area 0.097 0.162 b 0.119 -0.027
Organic fertilizers -0.174 0.384 0.321 13.087
Chemical fertilizers -0.126 2.296 b 1.233 12.919
Pesticides -0.304 0.397 -0.208 0.136
Improved varieties 0.701 0.045 0.581 0.415 *
Livestock (TLU) 0.743 e 0.230 el 0.142 0.340  ***
Crop diversification 0.032 -0.028 0.150 ** 0.099
Income 0.012 0.000 0.000 0.002
Environmental and climatic context

Urban area 0.415 0.414 -0.159 0.159
Variability of precipitation 0.001 -0.640 -0.001 -0.027 ¥
Variability of temperature 0.030 -6.269 -0.046 -1.379

Mean rainfall -0.033 b 1.036 -0.001 0.010 ox
Perception of erratic rainfall 0.276 -0.337 -0.354 0.213

LR chi*(27) 82.080 67.47 62.01 85.29

Prob > chi? 0.000 0.000 0.000 0.000
Pseudo R? 0.132 0.097 0.138 0.115

AIC 583.39 670.61 429.06 700.31

%%

* significant at 10%, ** significant at 5%, *** significant at 1%.
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