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Abstract 

Climate change is negatively affecting food systems as a whole, as weather events are becoming more frequent and severe, which 

will pose a challenge to food production and may threaten the world’s people's ability to access and afford healthy diets, 

particularly in lower-income countries with higher rates of hunger and poverty. Inadequate diets will exacerbate the harm caused 

to people’s health and lead to higher rates of malnutrition among the population. In this study, we aim to examine the impact of 

climate change on food accessibility in Egypt over the period 2001–2023. We adopted the autoregressive distributed lag (ARDL) 

approach to trace long-run and short-run effects. The empirical results indicate a significant negative effect of climate change on 

food access, with temperature having a positive effect on the prevalence of malnutrition—as temperature-related shocks 

negatively affect food supply and lead to higher domestic food prices, which in turn limit people’s ability to purchase healthy 

and adequate food, thereby increasing malnutrition rates among the population. Food price inflation negatively impacts access 

to food, as these sharp price increases lead to a contraction in real income and higher rates of malnutrition during climate shocks. 

With regard to gross domestic product per capita and its positive impact on access to food, this demonstrates that purchasing 

power and income act as fundamental structural buffers protecting Egyptians households from sharp rises in food price inflation. 

As for per capita food production, this has a negative impact on malnutrition rates. 
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1. Introduction 

Despite sufficient global food production, millions of peo-

ple struggle with hunger or undernutrition due to a lack of safe 

and nutritious food, difficulty accessing it, or, in most cases, 

an inability to afford it. This situation threatens not only the 

fulfilment of Sustainable Development Goal 2 (SDG 2) and 

global nutrition targets, but also the 2030 Agenda for Sustain-

able Development as a whole, by undermine people's health 

and livelihoods [1], with the global prevalence of malnutrition 

remaining virtually unchanged for three consecutive years, 

following the sharp increase driven by the COVID-19 pan-

demic. According to the Food and Agriculture Organisation’s 
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2024 report, around 713 to 757 million people suffered from 

hunger in 2023 — that is, one out of every 11 people globally, 

and one out of every five people in Africa. It is estimated that 

28.9 percent of the world’s population, corresponding to 2.33 

billion people, suffered from mild or severe food insecurity. 

Focusing on the economic ability to access nutritious food, 

updated and refined estimations reveal that more than a third 

of the world’s population — around 2.8 billion people — were 

unable to afford a healthy diet in 2022. The disparities are 

clear: Lower-income countries have the highest proportion of 

people unaffordable a healthy diet (71.5 percent), compared 

with lower-middle-income countries (52.6 percent), upper-

middle-income countries (21.5 percent) and high-income 

countries (6.3 percent). An anticipated 582 million people are 

expected to suffer from severe chronic malnutrition by the end 

of 2030, more than half of them in Africa [2]. 

Climate variability is no longer an isolated environmental 

phenomenon; it has become a risk multiplier and the primary 

driver of structural deficiencies in global food systems. In its 

sixth assessment report, the Intergovernmental Panel on Cli-

mate Change (IPCC) confirmed that the Earth’s surface tem-

perature has increased by 1.1 degrees Celsius above pre-in-

dustrial levels, at the fastest rate of warming in since 2,000 

years, with nearly 3.3 to 3.6 billion people now live in ex-

tremely vulnerable areas exposed to direct environmental 

risks, confirms that global warming, the increasingly frequent 

of extreme temperatures, fluctuating precipitation patterns, 

and repeated droughts and floods have all contributed to a sig-

nificant slowed in global agricultural productivity over past 50 

years [3]. The climate-related impacts are not limited to sup-

ply and availability alone but are directly reflected in local 

food prices; as empirical studies indicate that any increase in 

the severity of heat shocks leads to sudden supply shocks, 

which in turn drive up food price inflation and put pressure on 

households’ real incomes, pushing prevalence of undernutri-

tion rates upward. 

Climate change or extreme weather events are likely to af-

fect the availability of certain food products, which in turn 

could affect their prices. High prices will make certain foods 

unaffordable, and rising food prices also affect real income; 

low-income households are often the hardest hit, as they tend 

to allocate a larger proportion of their income to food than 

high-income households [4]. When households are unable to 

afford food, they adapt by reducing their consumption of 

higher-quality foods or switching to lower-quality alternatives, 

which may affect people’s nutrition and lead to rising rates of 

malnutrition. The main impact of climate change on nutrition 

is likely to be indirect, through its effects on income and the 

ability to afford a varied diet. 

Furthermore, climate impacts on agriculture also lead to a 

decline in demand for seasonal labour, thereby reducing 

household incomes. When crops fail, employment opportuni-

ties in the agricultural sector fall sharply. Whilst commercial 

                                                             
1 https://unfccc.int/reports?f%5B0%5D=corporate_author%3A144 

2 https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS?locations=EG 

farms rely on insurance, smallholder farmers in developing 

countries lack such protection, leaving them vulnerable to se-

vere income losses during crop failures or market shocks. As 

a result, they often have no surplus to sell when prices peak 

[5]. 

Egypt is not far from these global shocks; in fact, interna-

tional reports classify it as one of the country’s most exposure 

to climate change. Despite accounting for fewer than 1 per 

cent of global greenhouse gas emissions, Egypt is highly ex-

posed to the adverse risks of climate change. This vulnerabil-

ity is clearly highlighted in the national communication re-

ports prepared by the Egyptian Environmental Affairs Agency 

(EEAA) and submitted to the United Nations Framework 

Convention on Climate Change (UNFCCC)1 [6]. This issue 

takes on complex dimensions in Egypt due to the country’s 

geographic and demographic characteristics; nearly 60% of 

Egypt’s agricultural food production is concentrated in the 

Nile Delta, and the Delta region is expected to lose at least 30 

per cent of its food production by 2030 [7]. The Delta is clas-

sified as one of the three largest ‘giant deltas’ threatened by 

salinisation, flooding and declining productivity by 2050, due 

to reduced sediment flow through the rivers, as well as accel-

erating rates of sea-level rise [8]. The agricultural sector con-

tributes 13.7%2 of Egypt’s gross domestic product and em-

ploys about 18%3 of the total workforce in 2024 (World Bank 

Data, 2026), meaning that any disruption in this sector directly 

affects the income of millions of rural households. 

Egypt is classified as the world’s leading importer of wheat. 

The International Food Policy Research Institute (IFPRI) 

notes that imports account for more than 40% of Egypt’s total 

caloric intake, reflecting a significant reliance on foreign mar-

kets to secure essential strategic commodities [9]. According 

to data released by the Food and Agriculture Organization 

(FAO) for 2024 and 2025 and the USDA, the magnitude of 

this structural gap is evident: Egypt requires approximately 20 

million metric tons of wheat annually, of which only about 9.5 

million metric tons are produced domestically, while the 

country is forced to import the remaining shortfall, which 

amounted to 14 million tons in 2024, with import pressure ex-

pected to continue at approximately 13 million tons for 2025 

and 2026 [10, 11]. This structural vulnerability makes the 

Egyptian economy highly sensitive to two types of global 

shocks: Climate shocks: where droughts and extreme heat 

waves in major exporting countries cause a decline in global 

crop yields and a shortage in global supply. (2) Political tur-

moil: such as the repercussions of political conflicts—for ex-

ample, the Russian-Ukrainian war, which immediately sent 

international food prices soaring. According to a study pub-

lished by the Economic Research Forum (ERF), the price elas-

ticity of global price shocks passed to local markets in Egypt 

is very high, reaching 29% of the shock within 6 months and 

rising to 66% after one year [12]. According to reports from 

the Information and Decision Support Centre of the Egyptian 

3 https://data.worldbank.org/indicator/SL.AGR.EMPL.ZS?locations=EG&start=2001 
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Cabinet, approximately 84.8% of Egyptian households are 

now facing financial strain in affording a healthy, balanced 

diet as a result of this imported inflation [13]. These price in-

creases are eroding real income and weakening households’ 

purchasing power, thereby limiting their direct financial ac-

cess to food and explaining the sharp rise in the prevalence of 

undernutrition in line with external and internal shocks. 

Therefore, this study is trying to find an answer to the fol-

lowing problematic question: “to what extent do climate 

changes affect food Accessibility in Egypt during the period 

2001-2023?”. Thus, the main hypothesis of this paper is that 

climate changes negatively and statistically significantly im-

pact food accessibility in Egypt. 

Previous and recent studies have recognized the expected risks 

that Egypt will face due to climate change, and these studies 

focused mainly on the availability of food, while little atten-

tion was paid to studying the impact of climate change on food 

Accessibility. Therefore, this study will help to address this 

research gap by estimating the impact of climate change on 

the Accessibility in Egypt by follows the statistical analysis 

methods ARDL Approach during the period (2001-2023). 

The paper is structured as follows: section 2 provides a The 

Reality of Climate Change and Food Security in Egypt. Sec-

tion 3 Theoretical Framework and literature review related to 

the topic. Section 4 details the econometric specification, Data 

and Methodology. Section 5 discusses the empirical Results 

and discussion and section 6 conclusion. 

2. The Reality of Climate Change and 

Food Security in Egypt 

The issue of access to food and the cost of food continues 

to place a burden on low-income Egyptian households, as Cli-

mate change affects the ability of certain parts of the popula-

tion to afford sufficient quantities of healthy food families are 

forced to adjust their dietary choices to align with their limited 

income and rising food prices [14]; Food prices have risen sig-

nificantly in Egypt, leading to an increase in expenditure on 

food as a share of overall expenditure, from around 34.4% of 

personal income in 2015 to more than 37% in 2018 to 43% in 

2020, and food prices are expected to rise by 16% to 68% in 

2030 [15]. People are also forced to rely on cheaper foods and 

reducing the size of their daily meals by 41%, and reducing 

daily consumption of foods with high nutritional value by 

72%. This shift in the existing diet leads to a further deterio-

ration in individuals’ nutritional status [16]. 

 
Source: FAOSTAT Database (Food and Agriculture Organization) (FAO): https://www.fao.org/faostat/en/#data/FS 

Figure 1. Prevalence of undernourishment (% of population). 

Figure 1 shows the prevalence of undernutrition as a per-

centage of the population in Egypt. Over the past two decades, 

a gradual rise in the prevalence rate has been observed, in-

creasing from 4.8% in the period 2001 to 9.4% in the period 

2023, a rise of 4.6%. It is also noted that the rate remained 

relatively stable between 2001 and 2010, ranging between 4.8% 

and 5.8. however, since 2011, there has been a marked in-

crease in the prevalence of undernutrition. This trend reflects 

a relative decline in the ability to meet the population’s nutri-

tional needs and may be linked to several economic factors, 

including rising global food prices and a decline in real per 

capita GDP. 
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Source: FAOSTAT Database (Food and Agriculture Organization) (FAO): https://www.fao.org/faostat/en/#data/FS 

Figure 2. Gross domestic product per capita, PPP, (constant 2021 international $). 

Figure 2 indicate the trend in the per capita GDP index over 

the period 2001–2023. The graph shows that the index follows 

a generally upward trend over the long term. The behavior of 

this index can be divided into three phases: The first period 

(2001–2010) was characterized by a clear upward trend, with 

per capita GDP rising from 10117 in 2001 to 13129 in 2010. 

This reflects the period of economic recovery and increased 

growth rates experienced by the Egyptian economy prior to 

2011, driven by an increase in foreign direct investment and 

structural reforms at that time. The second period (2011–2014) 

represented a period of relative stability, during which per 

capita growth remained flat without significant increase as a 

result of political instability and economic slowdown during 

that time; per capita growth rose only slightly from 13028 in 

2011 to 13,136 in 2014. The third period (2015–2023) marks 

a turning point, as the curve began a sharp and steady upward 

trajectory, driven by the implementation of a comprehensive 

economic reform program and the restoration of stability, 

which caused the pace of GDP growth to clearly outpace the 

rate of population growth. 

A review of the above indicators reveals an upward trend in 

malnutrition rates in Egypt. However, understanding this de-

cline in food security levels cannot be separated from the sur-

rounding environmental challenges; here, climate change 

emerges as one of the key drivers of this phenomenon. To 

track this impact, the following section reviews temperature 

trends in Egypt during the same time period to assess the ex-

tent of this relationship. 

 
Source: World Bank: https://climateknowledgeportal.worldbank.org/country/egypt/climate-data-historical 

Figure 3. Annual Average temperature (°C). 

Figure 3, shows the average annual temperature in Egypt 

for the period 2001–2023, reveals an upward trend that clearly 

reflects the phenomenon of global warming and the impact of 

global climate change on the local climate; Statistical analysis 

of the index indicates that the baseline was in the first year 

(2001), when the mildest average temperature across the time 

series was recorded, at 23.21 °C, after which temperatures 

fluctuated, peaking at 24.61 °C in 2010 as a result of excep-

tional and prolonged heatwaves; in 2011, the temperature 

reached its lowest point at 22.81 °C. Focusing on the dynam-

ics of change between the two ends of the series, the curve 
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shows a marked rise in temperature towards the end of the pe-

riod, with the annual average in the final year, 2023, rising to 

23.95 °C, representing an absolute increase of 0.74 °C, which 

is equivalent to a 3.18% increase; this rapid rise over just a 

quarter of a century is a decisive indicator of the accelerating 

pace of global warming, with its consequent direct environ-

mental and economic consequences. 

3. Theoretical Framework and 

Literature Review 

The emergence and development of the term “food security” 

in the international development literature can be traced back 

to the 1960s and 1970s, following a growing interest in food 

security at both the global and regional levels in the midst of 

the global oil crisis and the associated food crisis during the 

period (1972–1974), The famine that struck Africa during the 

period (1984–1985) and the growing importance of food aid 

in many countries also led to the proliferation of literature on 

food security [17]. 

The term “food security” first emerged in the mid-1970s, 

specifically at the World Food Conference held in Rome in 

1974 under the auspices of the Food and Agriculture Organi-

zation of the United Nations (FAO), where the first definition 

of food security was presented as ''“Availability at all times of 

adequate world food supplies of basic foodstuffs to sustain a 

steady expansion of food consumption and to offset fluctua-

tions in production and prices”. This definition reflects the 

dominant view at the time that hunger stems mainly from a 

lack of sufficient global food supplies, as well as constraints 

on food supplies. Thus, the definition focused primarily on the 

supply side, ignoring the issues of access to food and the eq-

uitable distribution of output. Production and prices fluctua-

tions were considered important, which meant ensuring the 

measurement of production levels worldwide and trends in 

food prices [18]. 

However, research seeking to understand why famines oc-

cur in certain circumstances has shown that, even though food 

was widely available and food prices fell after the mid-1970s, 

this did not prevent a rise in rates of food insecurity across 

numerous developing nations [19]. This unexpected paradox 

forced researchers to rethink what drives food insecurity from 

the ground up. By the early 1980s, a major conceptual shift 

took place. Economist Amartya Sen reframed the entire de-

bate, arguing that food insecurity is fundamentally an issue of 

demand—meaning the poor simply cannot access food—ra-

ther than a national supply problem [20]. As the discussion on 

food security evolved, the focus gradually shifted from the 

concept of food security as a national and international supply 

phenomenon to the issue of access to food at the household 

and individual levels. By 1983, (FAO) had incorporated into 

its analysis of food security the ability of individuals to obtain 

food, which led to the emergence of a new concept based on 

the balance of the food security equation by factoring in both 

supply and demand dynamics. This concept holds that ''“En-

suring that all people at all times have both physical and eco-

nomic access to the basic food that they need” [21]. 

The World Bank published its report on poverty and hunger 

in various countries around the world in 1986, in which it em-

phasised the need to differentiate between chronic and tempo-

rary food insecurity. In the report, a distinction was drawn be-

tween chronic food insecurity, related to problems of persis-

tent or structural poverty and low incomes, and temporary 

food insecurity, which refers to periods of heightened pressure 

brought on by natural disasters, economic breakdown or con-

flict [22]. 

In 1996, the World Food Summit provided a definition of 

food security, “food security” exists when all people, at all 

times, have physical and economic access to sufficient, safe, 

and nutritious food that meets their dietary needs and food 

preferences for an active and healthy life" [23]. This definition 

thus emphasized the multidimensional nature of food security, 

which encompasses the following dimensions: a. Food avail-

ability; that is, the availability of sufficient quantities of food 

of adequate quality, whether through domestic production, 

imports, or food aid. b. food accessibility; this means that in-

dividuals have sufficient resources to obtain food of adequate 

nutritional value. c. Utilization of food; meaning a compre-

hensive dietary system. In addition to food, members of soci-

ety must have access to clean water, improved sanitation, and 

adequate health care so that they can satisfy all their physio-

logical needs. D. stability of food supplies; for an individual 

to enjoy food security, they must be able to obtain sufficient 

food whenever they wish and not be vulnerable to the possi-

bility of losing access to food as a result of sudden shocks or 

cyclical events. 

Recently, the moral and human rights dimensions of food 

security have come into focus. It is worth noting that the right 

to food is not a new concept; it was first recognized in the 

United Nations Declaration of Human Rights in 1948. In 1996, 

the formal recognition of the right to adequate food marked a 

significant achievement by the delegates of the World Food 

Summit, as reaffirmed “the right of everyone to have access 

to safe and nutritious food, consistent with the right to ade-

quate food and the fundamental right of every person to be 

free from hunger” [24]. 

In May 2007, at the 33rd session of the World Food Summit, 

the Food and Agriculture Organization issued a statement re-

affirming its vision of a world with food security [25]. This 

vision is rooted in the definition of food security adopted by 

the World Food Summit in November 1996. The Food and 

Agriculture Organization emphasized that ‘food security de-

pends more on socio-economic conditions than on agro-cli-

matic conditions, and on access to food rather than its produc-

tion or physical availability.’ It noted that to assess the poten-

tial impacts of climate change on food security, “it is not 

enough to assess the impacts on domestic production in food-

insecure countries. One must also assess the impacts of cli-
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mate change on foreign exchange earnings, determine the ca-

pacity of food-surplus countries to increase their commercial 

exports or food aid, and analyze how the incomes of the poor 

will be affected by climate change. This is included in its 

Global Agriculture Outlook for 2015–2030, which is consid-

ered its first published assessment of the impacts of climate 

change on food security [26]. 

Several studies have examined the impact of climate change 

on food production and availability. However, studies examin-

ing the impact of climate change on food access are few. Ac-

cordingly, this section provides a review of previous studies that 

analyze the relationship between climate variables and food ac-

cess using a variety of analytical approaches and models. 

Joel Smith et al. (UNDP) [27] assessed how climate change 

might affect Egypt’s agricultural economy from 2030 to 2060. 

By applying a sea level rise (SLR) scenario, the study simulated 

modifications in crop yields and water availability. The findings 

indicate that by 2060, agricultural output could fall by 8% to 

47%, while food prices may escalate by 16% to 68%. Addition-

ally, farming-related employment is projected to contract by 

39%, leading to agricultural welfare losses valued between 40 

and 234 billion Egyptian pounds. Meanwhile, Hashem [15] ex-

amined climate change’s influence on food security across 

Egypt utilizing the ARDL approach. The empirical evidence re-

vealed that temperature exerts a positive and statistically signif-

icant impact on food access, driven by price inflation resulting 

from warmer conditions. Conversely, its positive effect on the 

prevalence of population undernutrition lacked statistical sig-

nificance. Whereas Nassr et al. [28] evaluated the prospective 

economic and social impacts of deteriorating weather condi-

tions on economic growth and food security in Egypt, using the 

“International Model for the Analysis of Agricultural Commod-

ity and Trade Policies” (IMPACT). The results show that losses 

in agricultural productivity resulting from climate change will 

lead to a rise in overall price level, subsequently causing a re-

duction in daily per capita food consumption (KCAL per person 

per day) by roughly -1.7% in 2030 and -3.8% by 2050. Ulti-

mately, this will lead to an increase in hunger by an average of 

0.017% during the period 2030–2050. Further, Ibrahim [29] ex-

amined the extent to which climate change affects various di-

mensions of Egypt's food security through time-series model-

ling, specifically ARIMA and MLR. The empirical outcomes 

revealed revealed that climate variations exert a detrimental and 

statistically significant influence on both food access and avail-

ability. Driven by rising temperatures, crop yields are projected 

to contract by 2070, with wheat dropping up to 24.5%, maize 

by 29.1%, and rice by 6.1%. which in turn will cause rise in 

food prices from 13.5% to 18.9% by 2070. 

Many studies investigations have highlighted the conse-

quences of climate change on food access across the African 

continent. For instance, Wossen et al. [30] evaluated what ef-

fect climate and price fluctuations have on household food se-

curity and income within Ghana and Ethiopia using an agent-

based modelling approach to focus on adaptation and coping 

mechanisms. Their findings revealed that such variations det-

rimentally impact household welfare in both nations, leading 

to an average income reduction of approximately 5% in Ethi-

opia and 20% in Ghana. Similarly, Odongo et al. [31] exam-

ined the relationship between environmental volatility and 

macroeconomic instability in Eastern and Southern African 

countries from 2001 to 2020. Utilizing a combination of quan-

titative descriptive analysis and error correction models (ECM) 

on monthly datasets. They found that rainfall fluctuations ac-

count for 65 per cent of food price volatility, with supply-side 

climate shocks significantly outweighing pressures from in-

ternational markets. The study highlights that landlocked 

countries experience more severe inflation as a result of these 

shocks compared to coastal regions, underscoring the urgent 

need for sector-specific local strategies, such as solar-powered 

irrigation, to enhance economic resilience in sub-Saharan Af-

rica. Meanwhile Oyelami et al. [32] explored the relationship 

between institutional quality, climate change, and food secu-

rity across 26 sub-Saharan African countries from 1996 to 

2020. Utilizing Ordinary Least Squares (OLS) and Cross-Sec-

tional Autoregressive Distributed Lag (CS-ARDL) techniques, 

they modelled food availability and accessibility dimensions. 

The practical results, using agricultural gross domestic prod-

uct as a proxy for accessibility, indicated that while population 

growth and rainfall exert positive effects, temperature, infla-

tion, and institutional quality negatively influence agricultural 

output. Furthermore, Mohamed et al. [33] aimed to investigate 

the short- and long-run impacts of climate variability, food 

price inflation, and armed conflicts on global acute malnutri-

tion in Somalia between 2015 and 2022. Applying dynamic 

ARDL simulations via STATA, in both the short and long 

term, food price inflation shows a positive association with 

global acute malnutrition, especially in conflict-prone areas 

and during periods of inflation. Furthermore, climatic varia-

bles—specifically temperature and rainfall—show non-sig-

nificant positive associations with global acute malnutrition. 

Conversely, climatic factors like rainfall and temperature ex-

hibited statistically nonsignificant positive associations with 

malnutrition in the short term. 

Globally, several studies have examined the effect of high 

food prices on poverty in low-income countries, including the 

Ivanek and Martin [34] study, which found that global in-

creases in food prices tend to exacerbate poverty within low-

income countries by reducing the purchasing power and in-

creasing the living costs of poor families. The study relied on 

detailed household data from nine low-income countries to es-

timate these effects. The results showed that high food prices 

lead to increased poverty in low-income countries. The aver-

age estimated effects on national poverty rates (USD 1/ day) 

in the sample is an increase of 4.5%. It translates into a rise in 

poverty of 105 million people. While Heinen et al. [35] ana-

lysed the relationship between extreme weather events and ris-

ing food prices. Using regression analysis on a monthly da-

taset covering the period from 2001 to 2012 across 15 Carib-

bean countries, the authors developed indices of damage 

http://www.sciencepg.com/journal/ijnfs


International Journal of Nutrition and Food Sciences http://www.sciencepg.com/journal/ijnfs 

 

184 

caused by hurricanes and floods to assess the wider economic 

impacts. Their econometric framework revealed a strong 

causal relationship between severe weather shocks and in-

creases in consumer food costs, with the negative effects per-

sisting for between 3 and 6 months following such events. To 

clarify the resulting welfare losses, these price fluctuations 

were combined with demand elasticity and the probability of 

such events occurring in Jamaica. Ultimately, the researchers 

attributed these sustained price rises to severe disruptions in 

the agricultural supply chain and widespread damage to crops. 

Whereas, Yuksel et al. [36] aimed to study climate shock’s im-

pact on food prices in Turkey. They examined the role of cli-

mate change in determining food prices by using the causal 

effect of food prices on per capita food expenditure using the 

demand equation. The results showed a 5% increase in food 

prices in the region experiencing climate change, compared to 

other regions. However, they did not observe statistically sig-

nificant variations in the effect of wealth on the consumption 

of other goods across regions. 

4. Data and Methodology 

4.1. Data Sources and Variables 

This study uses annual time-series data for five variables 

covering the period 2001–2023 in Egypt, collected from the 

Food and Agriculture Organization of the United Nations 

(FAO) database, the World Bank (WB) database, the World 

Bank database's climate change Knowledge Portal (CCKP). 

More details on variable measurement and sources are given 

in Table 1 in the appendix. 

The study model can be described as: 

𝑃𝑂𝑈𝑡  =  𝛽0  +  𝛽1𝑇𝐸𝑀𝑡  +  𝛽2𝐿𝑛𝐹_𝐶𝑃𝐼𝑡  +

 𝛽3𝐿𝑛𝐺𝐷𝑃𝑡  +  𝛽4𝑃𝐶𝐹𝑃𝑡  +  𝜀𝑡       (1) 

Where: 

POUt represents Prevalence of undernourishment (% of 

population) at time t. 

TEMt represents Annual Average temperature at time t. 

LnF_CPIt represents Log of food consumer price index at 

time t. 

LnGDPt represents Log of GDP per capita (constant 2015 

us$) at time t. 

PCFPt represents per capita food Production at time t. 

β0 is the constant term, β are the coefficients of independent 

variables, and εt represents the unexplained variables that af-

fect on Prevalence of undernourishment (error term). 

4.2. Methodology 

To investigate the long-run co-integration and dynamic in-

teractions among our variables, we utilize the Autoregressive 

Distributed Lag (ARDL) bounds approach developed by Pe-

saran et al. [37]. This framework offers three distinct method-

ological advantages. First, it performs reliably with small sam-

ple sizes, making it ideal for our dataset of 23 observations. 

Second, unlike traditional techniques such as the Johansen 

procedure, the bounds test eliminates the need for preliminary 

unit root testing, functioning effectively whether the underly-

ing regressors are integrated of order I(0), I(1), or mutually 

cointegrated. Third, it allows for the simultaneous estimation 

of both short- and long-term effects. 

Within this ARDL framework, the short- and long-run rela-

tionships between food access and the independent variables 

are modelled using the following equations: 

∆𝑃𝑂𝑈𝑡 = 𝛽0  + ∑ 𝛽1∆𝑃𝑂𝑈𝑡−1
1
𝑖=1 + ∑ 𝛽2∆𝑇𝐸𝑀𝑡−1 1

𝑖=0 + ∑ 𝛽3∆𝐿𝑛𝐹𝐶𝑃𝐼𝑡−1
+ ∑ 𝛽4∆𝐿𝑛𝐺𝐷𝑃𝑡−1 +1

𝑖=0
1
𝑖=0

 ∑ 𝛽5∆𝑃𝐶𝐹𝑃𝑡−1 + 1
𝑖=0 𝛿1𝑃𝑂𝑈𝑡−1 +  𝛿2𝑇𝐸𝑀𝑡−1 +  𝛿3𝐿𝑛𝐹_𝐶𝑃𝐼𝑡−1 +  𝛿4𝐿𝑛𝐺𝐷𝑃𝑡−1 +  𝛿5𝑃𝐶𝐹𝑃𝑡−1 +  𝜀𝑡 (2) 

5. Results and Discussion 

5.1. Unit Root Test 

Before conducting the cointegration analysis, testing for 

unit roots is necessary to avoid biased inferences caused by 

non-stationary variable. To examine the unit root properties of 

the time-series data, we use Augmented Dickey Fuller Test 

(ADF test) [38]. The alternative hypothesis of ADF indicates 

there is no unit root problem, while the null hypothesis implies 

that there is. Rejection of the null occurs if the calculated t-

value exceeds the critical threshold. if it is lower, the reverse 

is true. 

As detailed in Table 2, temperature (TEM) and the loga-

rithm of GDP per capita (LnGDP) are stationary at level, I(0). 

Meanwhile, the prevalence of undernourishment (POU), the 

logarithm of food CPI, and per capita food production (PCFP) 

become stationary at first difference, I(1). Because all varia-

bles are integrated of order I(0) or I(1) with no higher-order 

integration, the ADF results justify the application of the 

ARDL regression. 
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Table 2. Results of ADF Test for Unit Roots. 

Augmented Dickey Fuller Test 

Variables 

Level First Difference R 

Intercept Intercept and Trend None Intercept Intercept and Trend None  

POU 1.63743 -2.23358 1.94535 -1.48692 -4.31436*** -1.09829 I(1) 

TEM -5.33395*** -6.629182*** 0.49787 - - - I(0) 

LnF_CPI 1.74065 -2.999377 3.76279 -2.89986** -3.36113* 0.02308 I(1) 

LnGDP -0.88963 -3.95809** 2.18706 - - - I(0) 

PCFP -2.12310 -2.57225 0.49893 -4.36488*** -4.18671*** -4.4668*** I(1) 

*, **, *** indicate 10%, 5%, and 1% level of significance respectively. 

5.2. Lag Selection Criteria 

This is performed before the bound test for the ARDL 

model to verify whether cointegration exists between the var-

iables; it is important to identify the best ARDL model, as this 

involves selecting the optimum lag length for dependent vari-

able and independent variables. The determination of lags is 

of paramount importance for obtaining Gaussian error terms 

that are not autocorrelated. The lag lengths are set using infor-

mation criterion tests such as the Hannan–Quinn criterion, the 

Schwarz criterion and the Akaike Information Criterion. Due 

to the discrepancy between the Akaike Information Criterion 

(AIC) and the Schwarz Information Criterion (SIC) in deter-

mining the optimal model structure and lag length, this study 

relies on the Schwarz Information Criterion (SIC) to specify 

the final model parameters. The best ARDL model, with the 

minimum SC value, was: ARDL (2, 0, 0, 1, 2). The selection 

rests on the fact that the SIC outperforms the AIC in terms of 

the 'consistency' property. In contrast, the AIC is often criti-

cized for its tendency toward lag length overestimation, which 

introduces redundant parameters that consume degrees of 

freedom and create multicollinearity issues. 

 
Source: Authors’ Estimations and Eviews Plotting 

Figure 4. Schwarz criterion (Top 20 Models). 
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5.3. F-Bounds Test 

Based on Fosu and Magnus [39], the ARDL method begins 

with an F-bounds test to verify the presence of long-run rela-

tionships. Comparing the F-statistic against the critical values 

that given in Pesaran et al. [37] leads to three possible out-

comes: a statistic above the upper bound rejects the null hy-

pothesis of no cointegration, while one below the lower bound 

fails to reject it. Any value falling between these two thresh-

olds remains inconclusive. 

Table 3. Results of the F-Bounds. 

F-statistic Significance level I(0) I(1) 

 10% 1.9 3.01 

5.828517 5% 2.26 3.48 

 2.5% 2.62 3.9 

 1% 3.07 4.44 

Source: Authors’ calculating (Eviews) 

Table 3 illustrates the results of the F-bounds test. The F-

statistic value is 5.828517 which is higher than the the critical 

value for the upper bound at 1% significance level. The results 

of Bounds test successfully rejected the null hypothesis of no 

cointegration. 

5.4. Long Run Estimation 

Once cointegration in the long run between the variables 

has been confirmed via the ARDL bound test, the long-run 

elasticity coefficient elasticities for these variables can be es-

timated. Table 4 displays the coefficients of climate and non-

climate variables that effect on Prevalence of undernourish-

ment of Pop in Egypt in the long run. 

Table 4. Long-run Relationships. 

Variables Coefficient t-Statistic 

TEM 0.401303 3.599137*** 

LnF_CPI 0.922497 14.70929*** 

LnGDP -0.491167 -1.824414* 

PCFP -0.037839 -3.249856*** 

*, **, *** indicate 10%, 5%, and 1% level of significance respec-

tively. 

Source: Authors’ calculating (Eviews) 

As shown in Table 4, Temperature and Food consumer 

price are positively and significantly associated with the prev-

alence of undernourishment as a percentage of the entire pop-

ulation. Whereas GDP per capita and per capita food produc-

tion negatively effect on Prevalence of undernourishment. 

Prevalence of undernourishment will increase by 0.40% and 

0.90% if the temperature increases by one degree Celsius 5% 

significance level, and Food consumer price increase by one 

percent at 1% significance level respectively. conversely 1% 

increase in GDP per capita would lead to a 0.49% reduction 

in prevalence of malnutrition among the population at 10% 

significance level. 0.49% at 10% significance level. Also, 1 

percent increase of per capita food production will cause 0.03% 

decrease in Prevalence of undernourishment at 1% signifi-

cance level. 

5.5. Short Run Estimates and Error Correction 

Regression 

Table 5 shows the short run dynamics coefficients from the 

estimated ARDL model. 

Table 5. Short Run and Error Correction Regression Results. 

Independent Variables Coefficient t-Statistic 

D(POU(-1)) 1.306311 11.20655*** 

D(PCFP) 0.036591 3.390228*** 

D(PCFP(-1)) 0.030760 2.997092*** 

D(LnGDP) 6.465097 4.433138*** 

CointEq(-1)* -0.576774 -6.233521*** 

*, **, *** indicate 10%, 5%, and 1% level of significance respec-

tively. 

Source: Authors’ calculating (EViews) 

As presented in Table 5, the coefficients of Error Correction 

Term (ECT) is -0.576774. since it is a negative sign, its abso-

lute value is strictly less than one and it is significant at 1% 

significance level. It implies that about 57.6% of any short-

run deviations from the long-run equilibrium are corrected 

within one period. 

5.6. Diagnostics Tests 

Diagnostic tests were performed to ensure the robustness of 

the results, and confirm that the model possesses the required 

econometric properties and exhibited the best fit for an ARDL 

model, it is also suitable for reliable interpretation, Specifi-

cally, the Breusch-Godfrey serial (LM) test is utilized to detect 
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serial correlation, while the Breusch-Pagan-Godfrey test is ap-

plied to assess heteroscedasticity. Additionally, the Jarque-

Bera test evaluated the normality of the residual distribution, 

and the Ramsey RESET test is employed to verify the correct-

ness of the model specification. 

Table 6. Diagnostics Tests Results. 

Tests Test Statistics 

Breusch-Godfrey serial Correlation LM 
F-statistic 2.825206 

Prob. F (1,11) 0.1209 

Heteroskedasticity Test: Breusch-Pagan-Godfrey 
F-statistic 1.173754 

Prob. F (11,9) 0.3944 

Normality Test 
Jarque-Bera 1.768068 

Probability 0.413113 

Ramsey Reset 

F-statistic 1.656376 

Probability 0.2245 

Source: Authors’ calculating (EViews) 

To ensure the reliability of the statistical inference, The 

Breusch-Godfrey Serial Correlation LM test is employed to 

evaluate the residuals for potential serial autocorrelation 

[40]. Table 6 shows that the F-statistic p-value equals 

0.1209. Given that the p-value of the F-statistic is higher 

than 5%, the null hypothesis of no serial correlation cannot 

be rejected, confirming the absence of autocorrelation 

within the model. 

The presence of heteroskedasticity is evaluated using the 

Breusch-Pagan-Godfrey test. Table 6 shows that the F-statis-

tic p-value equals 0.3944. Since the p-value exceeds the 5% 

significance level, we cannot reject the null hypothesis, indi-

cating that the residuals are free from heteroskedasticity. 

As Brooks [41] pointed out, deviations from the normal dis-

tribution may distort statistical inferences, particularly confi-

dence intervals and significance tests for coefficient estimates. 

To check the extent to which the residuals follow a normal 

distribution, the Jarque–Bera test is applied under the null hy-

pothesis: If the resulting p-value exceeds the 5% threshold, the 

null hypothesis cannot be rejected, confirming that the resid-

uals follow a normal distribution. According to table 6, the p-

value of Jarque-Bera tests is 0.413113, thus the residuals are 

normally distributed. 

An inefficient estimation of a standard economic model 

may result from an error in the specification of the variables. 

To check for specification errors in standard economic models, 

Ramsey devised the RESET tool, which identifies both miss-

ing variables and incorrect functional forms. Table 6 shows 

that the p-value for the F-statistic is 0.2245, which is greater 

than 5%; therefore, we cannot reject the null hypothesis that 

there are no omitted variables in the model, and thus there is 

no error in variable selection [42]. 

5.7. Stability 

To verify the accuracy and stability of our findings regarding 

the estimated parameters for both the long-run and short-run of 

the ARDL (2, 0, 0, 1) model, with error correction, we em-

ployed the Cumulative Sum (CUSUM) and Cumulative Sum of 

Squares (CUSUM of squares) tests, as proposed by Brown et al. 

[43] and Pesaran and Pesaran [44]. The CUSUM and 

CUSUMQ statistics are updated frequently and plotted against 

the breakpoints. When the plotted points for the CUSUM and 

CUSUMQ statistics remain within the critical limits at a 5% 

significance level, the null hypotheses for all coefficients in the 

given regression are stable and cannot be rejected. 

Figures 5 and 6 show that the CUSUM and CUSUMQ of 

squares statistic remain within the critical limits at a 5% sig-

nificance level. We can therefore conclude that the coeffi-

cients in our ARDL models are stable. Consequently, the null 

hypothesis, which states that all coefficients are stable, cannot 

be rejected. 

 
Figure 5. Plot of Cumulative Sum of Recursive Residuals. 
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Figure 6. Plot of Cumulative Sum of Squares of Recursive Residuals. 

6. Conclusion 

This study was conducted with the aim of empirically ex-

amining the influence of climate change on food accessibility 

in Egypt from 2001 to 2023 by using the autoregressive dis-

tributed lag (ARDL) approach cointegration in conjunction 

with ECM techniques to identify long-run and short-run ef-

fects. The analytical framework specifies the "Prevalence of 

Undernourishment" indicator as the dependent variable, 

driven by four explanatory variables representing climate 

shocks, economic drivers, and supply-side indicator: Temper-

ature, Food Consumer Price Index (Food CPI), GDP per cap-

ita, and per capita Food Production. The empirical findings 

indicate a significant negative impact of climate change on 

food access, with temperature having a positive effect on the 

prevalence of malnutrition – as temperature-related shocks 

negatively affect food supply and lead to higher domestic food 

price inflation, which in turn leads to higher rates of undernu-

trition among the population. Food price inflation has a nega-

tive impact on access to food, as these sharp price increases 

lead to a contraction in real income and higher rates of malnu-

trition during climate shocks. With regard to GDP per capita 

and its positive impact on access to food, this demonstrates 

that purchasing power and income act as fundamental struc-

tural buffers protecting Egyptian households from sharp rises 

in food price inflation. As for per capita food production, this 

has an adverse effect on malnutrition rates. The study recom-

mends accelerating climate variability adaptation strategies to 

boost per capita food production, alongside curbing food price 

inflation and expanding social safety nets to ensure financial 

resilience. 
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Appendix 

Table 1. Variables Definition. 

Abbreviation Variable and Measurement Source of the data 

POU 

Prevalence of 

undernourishment (% of 

population) 

FAOSTAT Database (Food and Agriculture Organization) (FAO) 

https://www.fao.org/faostat/en/#data/FS 

TEM 
Annual Average temperature 

(°C) 

World Bank 

https://climateknowledgeportal.worldbank.org/country/egypt/climate-data-historical 

F_CPI Food, Consumer Price index 
FAOSTAT Database (FAO) 

https://www.fao.org/faostat/en/#data/CP 

GDP 
GDP per capita (constant 

2015 US$) 

World Bank 

https://data.worldbank.org/indicator/NY.GDP.PCAP.KD?end=2023&loca-

tions=EG&start=2001 
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Abbreviation Variable and Measurement Source of the data 

PCFP Per capita food production 

World Bank 

https://data.worldbank.org/indicator/NY.GDP.PCAP.KD.ZG?end=2023&loca-

tions=EG&start=2001 
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