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Abstract

This paper investigates the effect of climate variables (precipitation and temperature) on food security
indicators from 1961-2011 for 10 Eastern and Southern African countries by estimating fixed effects
models. Food security is approximated by three indicators: food production index, mortality rate of people
under five years of age, and life expectancy at birth. The results show that GDP per capita, inflation,
population growth, and land under cereal production are significant in explaining the indicators of food
security. For climate variables, overall rainfall has a positive and significant effect on food security, whereas
the effect of temperature is negative.

Our results suggest some policy implications. As expected, ESA countries will experience unstable rainfall
and increases in temperature that could have adverse effects on food production, malnutrition, and mortality
rates. Policymakers will need to base policy decisions on the adoption of modern agricultural techniques
that optimize water use through increased and improved irrigation systems and crop development in order
to mitigate and adapt to climate change.

JEL Classification Numbers: O1, P34, Q18, Q54.

Keywords: climate variables, food security indicators, Eastern and Southern African countries, panel data

models.

Résumé

Cet article étudie I’effet des variables climatiques (précipitations et température) sur les indicateurs de
sécurité alimentaire dans 10 pays de Sud-est de I'Afrique pendant la période de 1961 a 2011 en estimant
des modeles a effets fixes. La sécurité alimentaire est approximée par trois indicateurs qui sont I’indice de
production alimentaire, le taux de mortalité des enfants de moins de cing ans, et I’espérance de vie a la
naissance. Les résultats trouvés montrent que le PIB par personne, I’inflation, le taux de croissance de la
population, et la terre utilisée pour la production des céréales expliquent significativement les trois
indicateurs de la sécurité alimentaire. Concernant les variables climatiques, globalement la variable
‘précipitations’ a un effet positif et significatif alors que la température a un effet négatif sur la sécurité
alimentaire dans les pays de Sud-est de I'Afrique dans les pays de Sud-est de I'Afrique.

Nos résultats suggerent certaines implications politiqgues. Comme attendu, les pays de Sud-est de I'Afrique
devront expérimenter des conditions climatiques variables caractérisées par une baisse dans les
précipitations et une hausse dans la température. Cette variation climatique devrait affecter la production
alimentaire, la malnutrition et le taux de mortalité. Pour faire face aux effets négatifs des changements
climatiques, plusieurs mesures d’adaptation doivent étre prises comme I’utilisation des techniques
modernes d’irrigation ainsi que 1’utilisation des nouvelles variétés des plantes.

Codes JEL: 01, P34, Q18, Q54.

Mots-clés: Variables climatiques, Indicateurs de sécurité alimentaire , Pays d’Afrique de I’Est et du Sud,

Modeéles de panel .



1. Introduction

According to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC,
2007), climate change and climate variability will severely compromise food security in Africa, a region
that is already vulnerable to food insecurity. Warming in Sub-Saharan Africa (SSA) is expected to be
greater than the global average, and precipitation is expected to decrease in the majority of areas. Global
circulation models (GCMs) have shown that temperatures are increasing throughout the Eastern and
Southern Africa (ESA) region, while rainfall is decreasing from June through August in southern Africa
and increasing from December through February in eastern Africa (Ringler et al., 2011). Easterling et
al. (2007) conclude that climate change will potentially increase the number of people at risk
for hunger compared with the reference scenario of no climate change. Under this climate change scenario,
Sub-Saharan Africa (SSA) would likely surpass Asia as the most food-insecure region in the world. Rising
food insecurity in Africa will make it harder for the continent to achieve the Millennium Development
Goals, and higher food costs, which are likely to result from reduced agricultural production, will affect
already poor populations the most. Hence, climate change, through its adverse effects on agricultural

production and yields, could have dramatic social and economic consequences on the continent.

Other than Easterling et al. (2007), little known empirical research exists regarding the impacts of climate
change on food security in general, and even less for the African region. Badolo and Kinda (2011) study
the effects of climatic shocks on food security from 1960-2008 for 77 developing countries using panel data
econometric models. The authors used two indicators of food security: malnutrition and food production.
They found that rainfall volatility negatively affects food security in developing countries and those African
countries are more vulnerable to rainfall variability than other regions. Demeke et al. (2011) investigate
the impact of socio-economic and climatic factors on the food security index using a primary survey of
households in Ethiopia. Kumar and Sharma (2013) study the impact of climate variation on food security
in 13 major agriculturally intensive states of India from 1985-2009. Their food security index is regressed
on climatic and non- climatic factors (socio-economic and other demographic variables such as gross sown
area, irrigated area, agricultural labor, tractors, and government expenditures on agricultural and related
activities). They find that climatic fluctuations adversely affected food security index in different Indian

states.

In addition to informing the growing debate regarding climate change and its impacts, we believe that our
analysis will generate policy implications that can help African countries to better prepare themselves for
the potential adverse effects of climate change on food security.

We analyze the impacts of climate change on food security using a panel data econometric model. In

general, the food security implications of changes in agricultural production patterns and performance due
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to climate change are of two kinds. Firstly, impacts on food production will affect food supply at the global
and local levels; secondly, impacts on all forms of agricultural production will affect livelihoods and access
to food.

There are a number of ways through which climate-related factors may impact food safety: changes in
temperature and precipitation patterns, increased frequency and intensity of extreme weather events, ocean
warming and acidification, and changes in contaminants' transport pathways, among others. Climate change
may also affect socioeconomic factors related to food systems such as agriculture, animal production, global
trade, demographics, and human behavior, all of which influence food safety (FAO, 2008; Tirado et al.,
2010).

The main objective of this study is to analyze the effects of climate change on food security from 1961-
2011 for 10 eastern and southern African countries. We focus on three indicators of food security: the food
production index, malnutrition, and life expectancy at birth. These food security indicators will be explained
by climate variables (rainfall and temperature) in addition to socioeconomic factors such as GDP per capita,
inflation, population growth, and land under cereal production. Our hypothesis is that an increase in rainfall
will increase food production, decrease the proportion of undernourished people, and increase life
expectancy, whereas an increase in temperature will decrease food production, increase the proportion of
undernourished people, and decrease life expectancy.

The paper is organized as follows. Section 2 describes climate change and food security in the ESA region.
In this section, we present the definitions of food security, we describe the food security situation in Africa
and in the ESA region in particular, and we present the predicted effects of climate changes on food security
in this region. In section 3, we present our data and methodology. Section 4 shows empirical results and

their analysis, and the last section concludes.
2. Climate Change and Food Security in ESA Region
2.1. Definitions of Food Security

The concept of the right to food was formally recognized by the adoption of the United Nations Universal
Declaration of Human Rights in 1948. However, the concept of food security emerged at the FAO’s 1974
World Food Conference, where availability of food was considered to be the sole component of food
security. In 1986, the World Bank defined food security as “access by all people at all times to enough food
for an active and healthy life;” this definition considered only two components of food security: availability
and accessibility of food. At the World Food Summit of 1996, FAO defined food security as “Food security
exists when all people at all times have physical or economic access to sufficient safe and nutritious food
to meet their dietary needs and food preferences for an active and healthy life” (FAO, 1996). This definition

considered three components of food security: availability, access, and utilization of food. Finally, in 2002
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during the Rome Declaration on World Food Security, FAO defined food security as when “all people, at
all times, have physical, social and economic access to sufficient, safe and nutritious food that meets their
dietary needs and food preferences for an active and healthy life.” Since this time, the definition of food
security comprises four key dimensions: availability, stability, access, and utilization (ADB, 2012; Kumar
and Sharma, 2013):

Availability of food means the physical presence of food in a particular region or place for certain duration
of time and with given inventory levels, local and international trade, commercial imports, or food aid. Dev
and Sharma (2010) and Shakeel et al. (2012) define food security as the quantity of food available for
consumption in a specific time period and a particular place either through domestic supply or through
imports.

Access refers to having the means to acquire food through production and stocks, purchase, gifts,
borrowing, and/or aid; this corresponds with people’s ability to obtain food, either through production,
purchase, or transfers. This component of food security is directly linked with a population’s economic
ability to afford the food needed for their survival.

Food stability refers to the condition in which food is regularly and periodically available in the domestic
market so that it also contributes to nutritional security. This includes times of natural shock like floods and
droughts, and focuses specifically on the continuity of supply and demand of food grain product (FAO,
2009).

Utilization of food refers to food safety, quality, and nutrition. It is defined as a household’s ability to absorb
and metabolize the nutrients and appropriate nutritional content of the food consumed, and the ability of
people’s bodies to use those nutrients effectively. Utilization of food is mainly linked with food’s nutritional
value and the interaction of physiological condition and food safety.

The four components of food security are depicted in Figure 1. Food insecurity is hence defined as the
absence of these components of food security. Food insecurity applies to a wide range of phenomena such

as famine, periodic hunger, and uncertain food supply.



Figure 1. Main components of Food Security
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2.2. Food Security in ESA Region

The indicators of human development in SSA are below the average of those in the world. According to
the WDI (2012), about 888 million (12.73%) of the world’s people were undernourished in 2011; of this
number, 213 million lived in sub-Saharan Africa (24.29%). The mortality rate for children under five years
of age (per 1,000 live births) is also very high in sub-Saharan Africa: about 108 in 2011, compared to only
51 in the world. Moreover, this rate has fallen more slowly in SSA than in the rest of the world. Between
1968 and 2011, the global mortality rate for children under five (per 1,000) fell from 153 to 51; however,
in Sub-Saharan Africa, the mortality rate of children under five (per 1,000) fell from 240 to 108. Globally,
life expectancy at birth was about 70 years in 2010 and only 54 years in sub-Saharan Africa. In Africa as a
whole, life expectancy at birth rose from 42 in 1961 to about 58 in 2011, whereas it only rose from 41 to
54 in Sub-Saharan Africa during the same period. During the same time, global life expectancy actually
rose from 53 to 70. Table 1 shows the mortality rate of children under five and life expectancy at birth in
Africa, Sub-Saharan Africa, and the 10 ESA countries investigated in this study.

In Africa as a whole, GDP per capita (constant 2000 US$) rose from US$ 481 in 1961 to US$ 922 in 2011;
during the same period in SSA, GDP per capita rose only from US$ 420 to US$ 647. Globally, GDP rose
from US$ 2448 in 1961 to US$ 6102 in 2011.

Large inequities in the distribution of land and income across and within African countries contributed to
these trends. Conflicts, natural disasters due to climate change, crop failures, and other factors caused 20

African countries to need external food assistance in 2010 (Salami et al., 2011).



Table 1. Under-five mortality and life expectancy at birth in Africa and in 10 ESA countries

Life expectancy at birth (years) Under-five mortality (deaths per 1,000)
. 1961 1980 2011 1961 1980 2011
Countries
Africa 42.09 49.92 57.64 266.007 186.67 100.17
SSA 40.89 48.03 54.63 - 196.26 108.57
Angola 33.38 40.16 51.06 - 286 157.6
Eritrea 39.52 43.97 61.41 - 186.3 67.8
Ethiopia 39.068 43.91 59.24 230.3 228.4 77
Kenya 47.013 57.74 57.08 192 108.3 72.8
Malawi 37.99 44.33 54.13 361.4 256.3 82.6
Mauritius 59.76 66.98 73.26 98.2 40.1 15.1
Mozambique 35.46 42.80 50.15 - 251.7 103.1
South Africa 49.42 56.97 52.61 - 92.1 46.7
Tanzania 43.91 50.45 58.15 240.1 172.3 67.6
Uganda 44,53 50.07 54.07 212.1 189.3 89.9
Zambia 45.48 52.02 48.96 210.4 159.7 82.9

Source: World Development Indicators (World Bank, 2012)
(-): The data are lacking.

In African countries, food security is closely linked to poverty and food prices. Energy prices, climate
change, and other factors (such as rising demand due to population growth, conflicts, and exchange rate
fluctuations) have caused food prices to increase since 2008. In 2011, the FAO Food Price Index exceeded
the peak seen during the 2008 food crisis. For example, the price of wheat rose by 90% between June 2010
and March 2011, while that of rice increased by 33% during the same period (Salami et al., 2011). The
percentage of the prevalence of undernourishment (also referred to as the percentage of the population
below the minimum level of dietary energy consumption) decreased from 19.28% in 1991 to 13.21% in
2008 in the world, whereas it decreased from 33.57% in SSA during the same period. In Africa as a whole,
the prevalence of undernourishment fell from 27.89% to 20.74%. The percentage of the population below
the minimum level of dietary energy consumption increased in SSA from 24.18 % in 2008 to 24.29% in

2011 due to the increase in food prices during this period.

South Africa is the main producer and exporter of food products in Africa. The producer price of wheat had
increased by 55% between 2009 and 2010 in South Africa (ADI, 2012). In Africa as a whole, the increase
in producer prices is exacerbated by low agricultural productivity, severe distortions in agricultural markets,
vast gaps in infrastructure, a higher incidence of conflict, and disproportionate damage from climate change.
Net food exports (excluding fish) in sub-Saharan Africa have become negative since 1981. All of the ESA

countries investigated in this study, with the exception of South Africa and Mauritius, have become net



food importers since the 1980s (ADI, 2012). Figure 2 shows the evolution of net food exports excluding
fish in the ESA countries during the period 1961 — 2010.

Figure 2. Evolution of net food exports excluding fish (FAO, current million US$)
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Source: Author’ calculations based on ADI (2012).

Figure 3 shows the evolution of cereal yields in Africa and globally. Cereal yields (kg per hectare) in Africa
is lower than any other region in the world, and less than the half that of global yields. In 2010, cereal yields
were 1533.794 kg per hectare in Africa, as opposed to 3563.538 kg per hectare globally. For the studied
ESA countries, cereal yields are very low in Angola and Eritrea: 694.4 and 591.6, respectively, in 2010.
Mauritius and South Africa are the only ESA countries with cereal yields surpassing the world cereal yield
average (Figure 4). As shown in Table 2, except for Mauritius and South Africa, agriculture accounts for
more than 70% of income in all other ESA countries. Clearly, increasing cereal yields, and thus incomes

from agriculture, is a key component in reducing poverty and food insecurity in ESA countries.
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Figure 3. Evolution of cereal yields in Africa and the World
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Figure 4. Evolution of cereal yields in ESA countries
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Table 2. Employment in agriculture as share of total employment, by regions and countries, 1994 — 2010.

Years 1994 2000 2005 2011
Countries
World 40.82 37.28 35.01 -
Africa 62.19 59.12 56.66 53.98
Sub-Saharan Africa 67.17 64.08 61.71 58.88
Angola 84.02 83.44 83.75 82.01
Ethiopia 81.24 83.02 80.13 76.90
Kenya 88.95 90.71 91.06 84.55
Malawi 84.81 81.08 75.09 73.06
Mauritius 13.69 12.10 10.00 8.39
Mozambique 85.02 81.26 79.62 78.02
South Africa 13.11 15.60 7.50 4.59
Tanzania 84.64 81.16 77.63 76.12
Uganda 86.52 83.13 83.76 81.67
Zambia 63.21 59.98 58.24 57.63

Source: WDI (2012)
(-): The data are lacking.

2.3. Impacts of Climate Variables on Food Security in the ESA Region

Climate change is now a part of our reality. Even the most optimistic estimates of the effects of
contemporary fossil fuel use suggest that the mean global temperature will rise by a minimum of 2°C by
the end of this century. It is expected that climate change (the decrease in precipitation, the increase in
temperature, sea level rise, droughts and floods caused by abnormal rainfall, etc.) negatively affects all
economic sectors, but particularly agricultural production and hence food security in ESA countries.
Climate change impacts food availability through multiple channels: agricultural production, economic
growth, employment opportunities, income distribution, and agricultural demand (Schmidhuber and
Tubiello, 2007). Stability of food systems, crop yields, and food supplies are also adversely affected by
climatic variability (Greg et al., 2011); climate change can also negatively affect people’s economic ability
to access the food they need due to an increase in food prices (Greg et al., 2011). Utilization of food also
may be adversely affected by climate variation through a reduction in food’s real nutritional content, and it
may increase several health problems (Greg et al., 2011). It will also have an impact on human health,
livelihood assets, and food production and distribution channels (FAO, 2008). Overall, the results of climate
change pose a serious threat of hunger, food insecurity, poverty, and malnutrition. Figure 5 shows the

linkage between climate variables, agricultural production, and food security indicators.
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Figure 5. Climate change variables and their impacts on food security
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In the 21st century, climate change is thought to be the greatest threat to agriculture and food security in
sub-Saharan African countries (Shah et al., 2008; Nellemann et al., 2009). According to the United Nations
Development Program (UNDP) of 2008, by 2080, the impacts of climate change could decrease agricultural
productivity by 15-30 percent on average, and could hence increase the number of malnourished people by
600 million and the number of people facing water scarcity by 1.8 billion. The UNDP warns that climate
change could slow the progress made in human development due to new threats to water access, food
security, agricultural productivity, and nutrition and public health.

Agriculture remains the most important sector for poor people in most African countries; rural areas
represent more than 70 percent of the total population. Improvements in agriculture can increase rural
incomes and purchasing power for large numbers of people (NEPAD, 2002; Wiggins, 2006). According to

the World Bank’s development report for 2010, climate change threatens the economic development of all
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African countries; the report also calls for a development agenda to be integrated into any future climate
negotiations (World Bank, 2010). The Fourth Assessment Report of the IPCC also provides some results
about the impact of climate change on African development. Projected reductions in crop yields in some
countries could be as much as 50 percent by 2020, and crop net revenues could fall by as much as 90 percent
by 2100. The population at risk of increased water stress is projected to be between 350-600 million by
2050, while between 25 and 40 percent of mammal species in national parks in sub-Saharan Africa will
become endangered (Boko et al., 2007).

It is expected that cereal production growth in SSA will decline by 3.2 percent by 2050 due to climate
change. Wheat and sweet potato yields are expected to be the most negatively affected by climate
variability, whereas millet and sorghum yields are projected to be slightly positively affected due to their
resistance to higher temperatures and drought stresses (Ringler et al., 2010). Food prices are a key indicator
of the effects of climate change on food security; wheat, rice, and maize prices in SSA are expected to
increase, respectively, by 15, 7, and 4 percent by 2050. These higher food prices are projected to dampen
demand for food in the region, thus increasing the number of malnourished children by both 2030 and 2050
(Ringler et al., 2010).

When droughts occurred in 1983 and 1992, Zimbabwe’s GDP fell by 3 percent and 11 percent, respectively.
The Pacific warming of 1991-1992 caused the worst drought of the last century in southern Africa (Glantz
et al., 1997), reducing regional maize production by about 60 percent and putting an estimated 30 million
people on the brink of famine (Battershy, 1992; Chiledi, 1992; Harsch, 1992). Since 2001, severe droughts
in some areas of southern Africa have led to serious food crisis in many countries. In 2001-2002, Lesotho,
Malawi, Mozambique, Swaziland, Zambia, and Zimbabwe all faced a deficit of 1.2 million tons of cereals
(SADC, 2002).

It is well known that daily and seasonal temperature patterns can affect the survival of mosquito and malaria
parasites. Over the past four decades, climate change has played a big role in the spread of malaria to the
highland areas of East Africa and elsewhere. Tanser et al. (2003) also projected that due to changing
temperature patterns in Africa, there would be a 5-7 percent potential increase in malaria distribution, with
surprisingly little increase in the disease’s latitudinal reach by 2100.

Climate change also negatively affects public health in Africa (Boko et al., 2007). According to Gallup et
al. (1999), malaria can have negative effects on labor productivity; this has implications for the future
welfare of African society.

In summary, climate change has negative impacts in most tropical regions because rain-fed agriculture is
the main livelihood of the majority of these countries’ populations. To this end, decreasing precipitation

and rising temperature patterns could have significant effects on agricultural production, farm incomes, and
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food security and could increase the incidence of poverty, hunger, and mortality (Ramasamy and Moorthy,
2012).

3. Data and Econometric Model

In this study, we analyze the effect of climatic factors on food security from 1961-2011 for 10 ESA
countries using a panel data econometric model. This approach is motivated by the hypothesis that drier
crop seasons reduce food production and increase the proportion of undernourished people. As such, rainfall
and temperature are key determinants of food insecurity in the agriculture-dependent ESA countries, both
directly and indirectly through food prices.

We will estimate the model given by the following equation (Badolo and Kinda, 2011; Kumar and Sharma,
2013). This model is a part of the conceptual model presented in Figure 5, which depicts the linkage between

climate variables and food security indicators:
FSit = p CCit + A Xit + ai + Mt +eit Q)

where FS;: is the variable representing an indicator of food security; Xi: is a vector of control variables (such
as income per capita, inflation, population growth, agriculture land under cereal production); CCj is the
vector of climate variables (rainfall, temperature) in a country i at a period t; &t iS the error term; . is time

effect; a; represents country fixed effects and $ and 2 are vectors of parameters to be estimated.

Alternative measures may be used to measure food security: food production index, the proportion of
undernourished people, the mortality rate among children under five years of age, life expectancy at birth,
and the Global Hunger Index (GHI). The GHI is an arithmetic average of child malnutrition, the proportion
of undernourished people, and the mortality rate of children under five years of age’. In our empirical
analysis, we shall use three indicators of food security: food production index, the mortality rate among
children under five years of age, and life expectancy at birth.

The food production index, measured by FAQ, covers food crops that are considered edible and that contain
nutrients. The under-five mortality rate is the probability per 1,000 that a newborn baby will die before
reaching the age of five, if subject to current age-specific mortality rates. Life expectancy at birth indicates
the number of years a newborn infant would live if prevailing patterns of mortality at the time of birth were

to stay the same throughout the child’s life?.

All data are taken from WDI (2012) except for the data on rainfall and temperature, which are taken from

NOAA. Descriptive statistics of different variables are presented in Table 3.

1 The data on the GHI are available only for a short-term horizon.
2 These definitions of mortality rate for children under five and life expectancy at birth are those of the World
Bank.
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Table 3. Descriptive Statistics

Variable Name of variables Obs. Mean Std. Dev. Min. Max.
Codes
Y1 Food production index (2004- 478 68.601 28.556 23.05 188.24
2006 = 100)
Y2 Mortality rate, under-5 (per 476 158.891 75.227 151 377
1,000)
Y3 Life expectancy at birth, total 510 50.084 8.236 33.386 73.266
(years)
X1 GDP per capita (constant 384 935.083 1249.072 98.180 5370.832
2000 US$)
X2 Inflation, consumer prices 375 45.580 269.087 -9.808 4145.107
(annual %)
X3 Population growth (annual %) 510 2.610 0.808 -0.217 5.921
X4 Land under cereal production 510 2261410 2193044 14 1.01e+07
(hectares)
X5 Average precipitation in depth 460 1023.448 345.601 321 2731.08
(mm per year)
X6 Mean annual temperature (C) 460 21.432 1.804 16.88 25.35

Income per capita is represented by “GDP per capita,” which is gross domestic product divided by mid-
year population and expressed in constant US$ 2000. Inflation, as measured by the consumer price index,
reflects the annual percentage change in the cost to the average consumer of acquiring a basket of goods
and services that may be fixed or changed at specified intervals, such as yearly. Annual population growth
rate is the growth rate of the population between two successive years. Land under cereal production refers
to harvested area, although some countries report only sown or cultivated area. Cereals include wheat, rice,
maize, barley, oats, rye, millet, sorghum, buckwheat, and mixed grains.

It is expected that the increase in “GDP per capita” has a positive effect on food security, whereas the
impact of inflation on food security will be negative. The increase in food product prices reduces people’s
access to food. A higher income per capita will reduce poverty, which should positively affect food security
through the channels of food accessibility and human health. Sustained economic growth has a direct impact
on food security by supporting agricultural production and an indirect impact by providing high incomes
that support greater food access. Population growth can have mixed effects on food security, but in general,
it is expected to have a negative effect. According to Malthus (1992), population growth puts pressure on
agricultural resources; this pressure can reduce agricultural productivity and food production. However,

some other authors believe that population growth is not an obstacle to food security because it can
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encourage technical progress and thus increase agricultural productivity (Boserup, 1965). The increase in

land under cereal production increases the availability of food products and food security.

Since global warming poses environmental implications that have a significant impact on agriculture
production; a central issue emerges: What is the link between climate change and food security? It is
projected that climate variability will adversely affect food security directly through a decrease in cereal
yields and indirectly through an increase in food product prices.

4. Empirical Results

Different specifications of the model given by equation 1 are estimated and their empirical results are
presented in Tables 4, 5, and 6. Table 4 shows the results of the impact of climate variables and control
variables on the food production index. Table 5 shows the results of the impact of climate variables and
control variables on mortality rates. Table 6 shows the results of the impact of climate variables and control

variables on life expectancy at birth.

We estimate three versions of the model. In the first version, we consider the control variables and climate
factors (precipitation and temperature). In the second specification, we add the term squared temperature.
The third specification includes time dummies. The results of the Hausman test show that country-level
effects are fixed in all the models estimated except for the model of life expectancy at birth with time
dummies. The results of Wooldridge and Breusch Pagan tests show that the term errors are correlated and

heteroskedastic. All our results are robust with (or without) temporal effects.

Overall, as expected, GDP per capita has a positive and significant effect on the food production index.
Income per capita increases the level of food production and is an indicator of a country’s economic growth.
Economic growth contributes to poverty reduction and hence reduces individuals’ constraints on food
access (Ravallion and Chen, 1997; Roemer and Gugerty, 1997). Moreover, high incomes allow an economy
to increase investments in food sectors (Smith and Haddad, 2000). Increased levels of development can
increase national food availability by improving the resources available for purchasing food on international
markets.

However, the results are unexpected in the third version of the model when considering time dummies.
Inflation has a negative and significant effect on the food production index. The increase in food prices
reduces access to food. As advanced by Malthus, population growth is shown to have a negative and
significant effect on the food production index. Our results are not different from previous authors such as
Merrick (2002), who concludes that population growth can exacerbate the harmful effects of inappropriate
policies on food security. Land under cereal production has a positive effect on the food production index

but it is not significant.
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Regarding the climate variables, rainfall is shown to have a positive and significant effect on the food
production index when we do not consider time effects. The increase in precipitation affects agricultural
productivity which in turn positively affects the availability of food products. The results for temperature
are mixed, but when we include time effects in the model, the variable temperature is shown to have a
negative and significant effect on food production. It has been found in many previous studies that an
increase in temperature in African countries should negatively affect agricultural production, thus reducing
the availability of food products and increasing food prices.

Table 4. Results of the impact of climate variables on Food production index

Models FE model with robust FE model with robust FE model with robust
standard errors standard errors standard errors
Variables coefficient | Probability | coefficient Probability coefficient Probability
X1 0.011 0.00 0.011 0.00 -0.011 0.00
X2 -0.008 0.02 -0.009 0.02 -0.002 0.09
X3 -4.826 0.02 -4.521 0.03 1.422 0.09
X4 1.37e-06 0.45 1.11e-06 0.54 5.53e-06 0.00
X5 0.011 0.04 0.009 0.08 0.005 0.12
X6 23.365 0.00 -22.948 0.46 -4.114 0.09
X7* - - 1.085 0.14 - -
Constant -440.58 0.00 49.49 0.88 103.29 0.04
Time dummies No No Yes
F-test 18.68 0.00 16.71 0.00 99.60 0.00
F-u 14.78 0.00 14.53 0.00 26.70 0.00
R-sq 0.503 - 0.508 - 0.912 -
Chi-squared stat - - 52.63 0.00 316.12 0.00
of Hausman test
F stat of 23.580 0.00 22.743 0.001 7.803 0.02
Wooldridge test
Chi-squared stat 25.405 0.00 24.274 0.00
of Breusch
Pagan test

(*) This variable is the squared term of temperature.

As expected, GDP per capita is shown to have a negative and significant effect on the mortality rate in the
two models without time dummies. The mortality rate of children under five years of age is linked to the
level of development. When income per capita increases the mortality rate of children will decrease.
Inflation has a positive and significant effect on mortality rate in the two models without time dummies.
The reverse effect is found in the model with time dummies, but it is not significant. Demographic
expansion has a positive and significant effect on the mortality rate of children under five. This result
conforms to the Malthus hypothesis; however, when considering time dummies, population growth has a
negative and significant impact on the mortality rate. This implies that population growth can encourage

technical progress and rising agricultural productivity, as advanced by Boserup (1965). Table 5 suggests
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that an increase in cultivated lands under cereal production has a negative and significant effect on the
mortality rate. This result implies that land under cereal production increases agricultural production and

hence increases food security and human health.

The results for rainfall are surprising in the three versions of the model. When precipitation increases, the
mortality rate for children under five years of age also increases. The effect of precipitation is only
significant in the model with time dummies, and the positive effect may be explained by rainfall variability.
Variable rainfall can reduce land suitability and crop yields and have a negative effect on food production.
In other words, rainfall variability can have effects on the viability of economic systems, food production,
and food availability, and can increase the percentage of total undernourished population.

When considering time dummies, the coefficient of the effect of temperature on the mortality rate is positive

and significant at 1 percent. This implies that when temperature increases, the mortality rate will increase.

Table 5. Results of the impact of climate variables on mortality rate

Models FE model with robust FE model with robust FE model with robust
standard errors standard errors standard errors
Variables coefficient Probability coefficient Probability coefficient | Probability
X1 -0.009 0.00 -0.0103 0.00 0.019 0.00
X2 0.008 0.04 0.0079 0.04 -0.002 0.13
X3 4.884 0.13 5.233 0.10 -4.148 0.03
X4 -0.00001 0.00 -.00001 0.00 -0.00001 0.00
X5 0.006 0.39 0.004 0.57 0.011 0.08
X6 -30.44 0.00 -85.005 0.15 14.08 0.004
X7 - - 1.271 0.35
Constant 808.04 0.00 1389.918 0.03 -98.74 0.35
Time No No Yes
dummies
F-test 23.62 0.00 20.42 000 | |
F-u 35.57 0.00 35.03 0.00 146.48 0.00
R-sq 0.849 - 0.859 - 0.962 -
Chi-squared of 20.88 0.00 21.42 0.00 131.41 0.00
Hausman test
F stat of 5374.51 0.00 5643.041 0.00
Wooldridge
test
Chi-squared 17.33 0.00 23.77 0.00
stat of Breusch
Pagan test
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The third indicator of food security is life expectancy at birth. When estimating the effect of climate change
factors and control variables on this indicator, the results are as expected for GDP per capita, inflation, and
land under cereal production. The impact of population growth on life expectancy at birth is positive and
significant. The coefficient of precipitation is not significant, whereas temperature has a positive and

significant effect on life expectancy at birth.

Table 6. Results of the impact of climate variables on life expectancy at birth

Models FE model with robust FE model with robust RE model with robust
standard errors standard errors standard errors
Variables coefficient Probability coefficient Probability coefficient | Probability
X1 0.002 0.00 0.002 0.00 0.005 0.00
X2 -0.0006 0.02 -0.0006 0.02 -0.003 0.00
X3 0.734 0.001 0.659 0.001 1.011 0.37
X4 1.39e-06 0.00 1.45e-06 0.00 4.46e-07 0.06
X5 -0.0009 0.22 -0.0006 0.45 .0002 0.95
X6 0.972 0.06 13.03 0.023 2.503 0.00
X7 - - -0.282 0.032 - -
Constant 24.113 0.03 -103.599 0.09 -11.35 0.27
Time No No Yes
dummies
F-test 27.55 0.00 26.61 0.00
F-u 33.98 0.00 34.96 0.00 60.81 0.00
R-sq 0.904 - 0.906 - 0.895*
(between)
Chi-squared of 31.14 0.00 40.30 0.00 13.20 1.00
Hausman test
F stat of 6023.949 0.00 5963.122 0.00
Wooldridge
test
Chi-squared 50.02 0.00 47.822 0.00 504.24 0.00
stat of Breusch
Pagan test

5. Conclusion

This paper analyses the effect of climate variables on food security indicators from 1961-2011 for 10
Eastern and Southern African (ESA) countries. We use three indicators of food security: food production
index, mortality rate of children under five years of age, and life expectancy at birth. The results show that
precipitation and temperature can negatively affect food security in ESA countries. The decrease and
variability of rainfall coupled with the continuing rise in temperature will reduce food production and
increase the percentage of the total undernourished population, thus increasing the mortality rate.

Our results suggest some policy implications. As expected, ESA countries will experience rainfall

variability and an increase in temperature, which will have adverse effects on food production, malnutrition,
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and the mortality rate. It seems evident that policymakers should encourage the adoption of modern
agricultural technigues that optimize water use through increased and improved irrigation systems and crop
development in order to mitigate and adapt to the changing climate. These measures could lead to higher
rates of agricultural productivity, availability of food products, and access to food, as well as improved
infrastructure and lower food prices in local markets. African countries should also remove barriers to trade,
especially intra-regional food trade, and food price volatility should be managed through policies regulating
the global food trade. In addition, the development of adequate rural infrastructure (roads, storage facilities,
market access, handling and conservation systems, and supply networks) is essential to improve the
competitiveness of local producers and to allow fast and efficient food distribution throughout the region.
Providing support to agricultural research as well as to the development of human resource capacity should
be a prioritized strategy for all African countries. Finally, land property rights should be improved in order
to facilitate the access to and efficient use of land.
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