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CHALLENGES OF FOOD SECURITY IN THE GULF COOPERATION 

COUNCIL COUNTRIES: AN EMPIRICAL ANALYSIS OF FIXED  

AND RANDOM EFFECTS 

 
Purpose. This research aims to identify the challenges of the food security indicators in the 

Gulf Cooperation Council (GCC) countries for the period 2000–2020. 

Methodology / approach. The dataset of this study includes the annual secondary data covering 

the time 2000–2019 of the six GCC countries. The dependents variables represent the food security 

indicators whereas, the independents variables (explanatory) represent the challenging factors of the 

food security at the macro-level data. All the studied variables are reshaped in the balanced panel 

form; thus, the study uses a long panel, it has many periods (T = 20 years) but few entities (n = 6 

countries of GCC) with the total 120 observation. The study applies three alternatives to panel data 

analysis.  

Results. The results show that population is a significant driver of food security challenges in 

the GCC countries. Moreover, food price inflation has a significant impact on the food availability 

and stability but show no significance on food access and utilization. Fertilizer consumption causes 

significant problems with food use. The results show that there is an evidence of significant 

differences in food security across the GCC countries. The random-effects estimators of regression 

coefficients of food availability and stability challenges are more statistically efficient than those for 

pooled ordinary least square and fixed effects. While the fixed effects estimators are most preferred 

for the coefficients of food access and utilization challenges. 

Originality / scientific novelty. Most scientific articles are mostly focused on examining the 

food security challenges from one separate aspect: economics, climate, or social aspects. Thus, the 

scientific novelty of the study is to investigate the combination of the food security challenges, social, 

economic, and agri-environmental factors in the GCC oil countries.  

Practical value / implications. Through this research, it is proposed that decision-makers 

embark on interferences that stimulate food security to meet the continual increase in population also 

future research should be applied to the other factors that challenged food security. 

Key words: food security indicators, population, food price inflation, gross domestic product, 

fertilizer consumption, panel data analysis, GCC countries.  

 

Introduction and review of the literature. Food security has been considered a 

significant global crisis for the past several years, according to FAO’s report [1], and 

based on the Food Security and Nutrition in the World estimates that between 720 and 

811 million people were affected by hunger in 2020, up to 161 million more than in 

2019, with the outbreak by the COVID-19 crisis. 

Furthermore, FAO [2] indicates that agriculture over the world would face 

substantial challenges in terms of supplying food to feed the world population. The 
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world now faced the development of food insecurity and the food crisis is most often 

associated with rural areas [3] with heterogeneity and variation within and between 

global food security indicators [4]. Mohammadi et al. [5] confirm that the most food 

security challenges and barriers such as direct policy deficiencies and institutional 

constraints and the three dimensions of food security (utilization, agency, and 

sustainability) are mainly ignored [5].  

Briefly looking at the GCC countries, during the last era, the GCC countries 

intended to outsource agricultural production using two ways: importing food and 

acquiring land abroad to fill a gap in the food supply [6].  

The GCC governments have been active in addressing the threat of food security 

and over the past decades, despite a significant development in economic growth in the 

GCC countries, food security is one of the most targeted agendas of GCC countries. 

Nowadays, food security has recently become a priority for the GCC governments 

which is involved in their national strategic plans, and has become increasingly 

significant to the political agenda in GCC countries, for instance, the Saudi Vision 2030 

and the United Arab Emirates’ future possibilities [7; 8]. 

For eradicating the problem of food security, the GCC countries are seeking to be 

sufficient in food production and increase food stock for a population to meet their 

daily requirements through international investment. The main reason behind the GCC 

engaging in international investments, because that most of the GCC have faced several 

challenges encounters and hinder food security.  

Increasing population is a key strategic challenge for the GCC countries. Alharthi 

[9] investigates that population growth in the GCC countries affected the economies 

significantly and adversely. The GCC countries have rapidly expanded GCC 

populations as a result of the large foreign migrant workforce. The Migrants constitute 

a substantial share of percentages of the GCC population, estimated as most share 

(88 %) in UAE; (76 %) in Qatar; (74 %) in Kuwait; (51 %) in Bahrain, and (41 %) in 

Oman, whereas it constitutes the least share (32 %) in Saudi Arabia [10]. Moreover, 

the decline in agriculture production is attributed to decreasing and scarcity of natural 

resources (e.g., scarcity of water and shortage of farmland) which poses a natural 

challenge to food security in GCC countries. Across the coming decades, economic 

crisis and climate change will have significant but uncertain influences on food security 

for instance fluctuations in the food price can directly affect food affordability [11].  

As shown in Figure 1, over 2020 the rapid food prices inflation is noted in the 

GCC countries between April – December specifically in Saudi Arabia, which reached 

a peak in July. Kuwait shows the growth of increasing food price inflation between 

August and December, in contrast, Oman observed low food price inflation during the 

same periods. While the United Arab Emirates and Bahrain show variation in the food 

prices inflation. 

The rationale for studying this research is that: based on the estimation of the 

Economist Intelligence Unit [13] it is stated that the GCC countries are food secure in 

comparison with other world countries; Hassen and El Bilali [14], reveal that the food 

security problems of the GCC are more likely to be related to food self-insufficiency 
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rather than food insecurity. Despite the improvement of the food security index (FSI) 

score of some countries (Kuwait, Oman, and Bahrain) in 2020, globally, the rank of 

the GCC countries based on the overall food security environment across all countries 

deteriorated in 2020 in comparison with 2018.  

 
Figure 1. Food price inflation among the GCC countries across 2020, % 
Source: developed by the author according to FAOSTAT data [12]. 

FSI is slightly declined in descending order in Saudi Arabi (-0.7), UAE (-1.9), and 

Qatar (-2.1), while the marked improved score in Kuwait (+1.5) and Oman and Bahrain 

is estimated by an equal improved score (+1.1) for each (Table 1).  

Table 1 

Ranking of GCC countries in the global FSI (2018–2020) 

GCC countries 
Rank in 

2018 

Rank in 

2020 

Food Score in 

2020* 

Change in food 

score 

Improved / 

worsened 

Qatar  22 37 69.6 -2.1 worsened 

Kuwait 28 33 70.7 +1.5 improved 

Oman  29 34 70.2 +1.1 improved 

UAE 31 42 68.3 -1.9 worsened 

Saudi Arabia  32 38 69.5 -0.7 worsened 

Bahrain  41 49 64.6 +1.1 improved 

Note. *Scores are standardized 0–100, where 100 = Most favorable food security environment. 

Source: developed by the author according to Economist Intelligence Unit [13]. 

Moreover, based on the dataset formulated by the Economist Intelligence Unit 

[13], the performance of the GCC countries based on their FSI scores seems to improve 

across Bahrain, Oman, and Kuwait but shows a slight decline in Saudi Arabia, UAE, 

and Qatar in the year 2020 compared to the year 2012 (Figure 2). The overall mean of 

FSI across 2012–2020 is 66.8 with a minimum and maximum of 58.4 and 71.7 

respectively.  

Oil and natural gas return still constitute the key part of the national income in 

GCC countries. GCC countries face several conservation challenges and will have to 

resolve the many contradictory priorities aspects such as water scarcity, food security, 

desertification, economic diversification, and resources management to the impacts of 
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climate change. Thus, this study will deliver a better understanding of food security 

challenges in GCC countries, which will help in forming policy strategies in the present 

and future time. 

 
Figure 2. Performance of the GCC States based on their FSI (2012–2020) 
Source: developed by the author according to Economist Intelligence Unit [13], graphs by ID. 

Currently, there are still research gaps in the original research published on the 

challenges of the food security indicators aspects conducted in GCC countries. Limited 

numbers of the studies have examined the determinates of food security using the 

econometrics models [15], besides, the keywords for some previous and existing 

studies of food security, directly or indirectly achieved in GCC countries, were 

addressing aspects related to strategies, water, agriculture, tourism, food production, 

energy, and sustainable development [16–19].  

Considering the implications of food security mentioned above in GCC countries, 

this study tries to fill a gap in investigating the combination of the food security 

challenges illustrating the effects of each challenge on the food security indicators. 

This article consists of the following four sections. The first section covers the 

introduction and the related literature. The second section presents the material and 

methods. The third section interprets the results and discussions. Whereas the last 

section draws the study’s conclusions and makes some policy recommendations to 

overcome the current and future food security challenges that faced the GCC countries.  

It is well known that food security is a complex and multidimensional concept 

that can be assessed by various indicators. Usually, food security involves the four 

pillars or indicators, categorized as the availability, access, utilization, and stability of 

food [20]. Numerous studies have depicted the significant role of analyzing the food 
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security indicators and challenges among the various world nations [21; 22]. Most the 

scholars identified the most effective challenges that threaten food security as the fast 

expansion of the population growth, increasing of malnutrition and hunger; scarcity of 

water, scarcity of mineral and trace elements; changes in global climate patterns, 

changes in land-use patterns; changing in food behaviors; deteriorating of the crops 

land and diminishing in crops production; undernourishment; economics crisis, change 

in markets conditions, political instabilities, and recently the spread out of the virus 

diseases [23–25]. Moreover, Badghan et al. [26], confirm that the food security 

challenges can similarly be constructed in the manner of qualitative challenges.  

Population growth is the greatest social challenge facing food security worldwide, 

hence population growth will greatly increase the amount of food needed to adequately 

feed people. Population growth affects the reduction in food production indirectly, for 

instance, during the peak population period, the irrigation water demand will increase 

[27], and the countries like GCC which are suffered from water scarcity which is one 

of the important prerequisites for increasing crop yield and hence insuring and filling 

the domestic food shortages. 

In the Middle East, food insecurity is exacerbated by rapid population growth, and 

the population growth combined with other factors such as: urbanization, climate 

change, and reduced yield of crops have resulted in increased global food demand [28; 

29]. A recent study [30] examines the projected different population changes and 

confirms that countries with a predicted decline in population growth had higher food 

security, while those with a predicted rapid population growth tended to suffer the 

worst shocks in food security, in addition the study shows that population growth and 

land-use change could have the greatest impact on the food security. Furthermore, 

Blekking et al. [31] investigate the connection between food security and different 

employment types by performing the Food Consumption Score (FCS) and the Coping 

Strategies Index (CSI) measures using ordinary least squares (OLS) regression and 

their results reveal that the effect of employment on predicting FCS and CSI is not the 

same. 

Studies rely on various proxies that capture diverse aspects of the social 

challenges of food security such as the dietary shift/change, the changes in food habits 

as well as life satisfaction [32–34]. Meanwhile, Salahodjaev and Mirziyoyeva [35] 

study the causal link between food security and life satisfaction worldwide using panel 

data analyzed by conventional OLS regression and instrumental variable two-stage 

least squares (IV2LS) method and find that food insecurity is significantly and 

negatively correlated to life satisfaction. 

Despite the reliance of previous studies on investigating the social challenges of 

food security, several researchers have studied the most economic challenges of food 

security correlated to goals and sites of searches from the economic view and lastly 

agreed that growth of the economy can have a significant positive impact on food 

security. Gödecke et al. [36] use the cross-country panel data regressions estimating 

the fixed effect (FE) and random effect (RE) to indicate that higher per capita gross 

domestic product (GDP) is strongly associated with a lower burden of chronic and 
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famine. Newly, an opinion-based article conducted during the COVID-19 era 

(2019/2020) shows that the main challenges to food security in Pakistan during a 

pandemic are the consumer prices index and food inflation price [37].  

Molotoks et al. [30] prove that climate change is a key driver of severe food crises. 

In the other context, the food security trends are likely to have a negative significant 

challenge by climate change in developed countries as well as in developing countries 

unfavorable climatic conditions adversely affect the household’s food security [38]. 

Many factors of climate change can challenge food security directly through changes 

in agroecological conditions the aggravating the greenhouses gases (GHG) emissions 

intensity breaking the balance of food security and ecosystem sustainability [39] and 

indirectly through affecting economic growth and allocation of incomes and thus 

demand of agricultural products [40].  

A previous study [41] using the panel data generating a time-variant household 

food security index which is created by principal components analysis confirms that 

the level and variability of rainfall significantly affect food insecurity. 

Correspondingly, Wang [42] applies the balanced panel data analysis by pooled 

ordinary least square (POLS), Fixed Effect (FE), difference Generalized Method of 

Moments (DIF-GMM), and system GMM (SYS-GMM) to estimate the effect of the 

climate change on the food security and confirm that climate change affects the food 

security.  

The lack of sustainable agriculture development is the main factor threatening 

food security in term of the overuse of fertilizers, Xin and Tao [43] examine structural 

equation modeling (SEM), for determining the main factors that lead to the climate 

change and confirm that the fertilizer consumption played dominate role in increasing 

the carbon dioxide emissions. But in the same way, the use of fertilizers increases crop 

production and enhances food security. Similarly, a study done by Chandio et al. [44] 

using a panel cointegration approach, finds that consumption of fertilizers has a 

positive impact on rice production. 

We concluded that from the previous literature review, most articles are primarily 

oriented toward examining the food security challenges from one separate aspect, 

economics, climate, or social aspects.  

The purpose of the article. Against this background, the purpose of this article 

is to identify the challenges of food security across the GCC countries for the period 

2000–2020 focusing on the major challenges facing food security given economic, 

climate, and social challenges. Besides the study attempts to explore the most 

appropriate model of the econometric approach for achieving the goal of the study. 

Likewise, the current study considers the issue of research as: what is the biggest 

challenge that affects food security significantly? 

Methodology. The six GCC countries selected as the study area, named as Saudi 

Arabia, Area United Arab Emirates (UAE), Bahrain, Kuwait, Oman, and Qatar. The 

willingness for selecting the GCC countries as the study area since the GCC countries 

share identical climatic conditions, characterized by desert geographies, and marked 

by high temperature and limited rainfall, besides, the economic situation of the GCC 
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countries is homogeneous (oil countries). Additionally, the food habits are nearly 

similar in the GCC countries. The GCC countries lie at longitude from 45 to 58◦E and 

latitudes from 20 to 30◦N [45]. The total area of the GCC countries is 2 557 470 km2 

(Saudi Arabia occupies the greatest percentage (85.0 %) with a total population of over 

56 million in 2019 [46].  

The dataset of this study includes the annual secondary data covering the time 

2000–2019 of the six GCC countries. The purpose for selecting the time frame of data 

is that secondary food security data by FAO is available only for this period and 

through this era the Global financial crisis takes place (2007–2009). Additionally, most 

of the GCC countries issued significant visions and future possibilities in (2016–2019) 

considering the food security aspects as well. 

The dependents variables represent the food security indicators whereas, the 

independents variables (explanatory) represent the challenging factors of the food 

security at the macro-level data.  

The food security indicator dataset incorporated in this study is derived from the 

FAO suite of Food security indicators [12], which involves 4 indicators categorized as 

average value of food production (AFP), gross domestic product (GDP), food imports 

(VOFI), and obesity (POB) along the four dimensions of food availability, access, 

stability, and utilization, respectively. The reason behind selecting such dependents 

variables is that: for example, the percentage of the prevalence of obesity in the adult 

population is high among the GCC countries. 

Further, the data of the explanatory variables have been retrieved from the World 

Bank statistics [47]. The explanatory variables include the (1) annual population 

(POP), which represents the social factor; (2) food price inflation (FPI) represents the 

economic factor, and (3) fertilizers consumption (FC) represents the agri-

environmental factors. We selected such explanatory variables because these variables 

from the literature review are the most factors that influence food security.  

All the studied variables are reshaped in the balanced panel form; thus, the study uses 

a long panel, it has many periods (large T, 20 years) but few entities (n = 6 countries of 

GCC) with the total observation, N = n · T = 120. Table 2 presents the explanation of the 

key terms, measuring unit, and descriptions of the main variables (types of the variables). 

Table 3 shows the statistics summary of the studied variables. Regarding the food 

security indicators: The overall average value of food production is (59279.94 USD) 

ranging from 27896.30 USD (minimum) to 104091 USD (maximum). The overall 

mean of GDP per capita is (83.88 USD per capita) with the highest (247 USD per 

capita) and lowest (21 USD per capita). The highest percentage of the food import is 

(10.0 %) with the lowest percentage (2.0 %) during the studied period with an overall 

mean (4.6 %). The overall percentage of the prevalence of obesity is (28.2 %) with the 

lowest percentages (18.0 %) and highest percentages (37.9 %).  

Moreover, concerning food security challenges: the largest population over the 

study period was observed in Saudi Arabia in 2018 and is estimated at 33702.76 thsd 

persons, while the smallest population was observed in Qatar in 2000, it was estimated 

at 592.49 thsd persons. 
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Table 2 

Clarification of key terms used in the study 

Variable Explanation 
Unit of 

measure 

Type of food 

security indicators / 

challenges 

Dependent variables 

AFP 
The average value of food production 

(constant 2004–2006) for a 3-year average 
USD Availability 

GDP 
Gross domestic product per capita, PPP, 

dissemination “constant 2011” 

USD per 

capita 
Access 

VOFI 
Value of food imports in total merchandise 

exports (3-year average) 
% Stability 

Explanatory variables (independent variables) 

POB 
Prevalence of obesity in the adult population 

(18 years and older) 
% Utilization 

POPU Annual population 1000 persons Social factor 

FC 
Fertilizer consumption: measures the amount of 

plant nutrients used per unit of arable land 
kg/ha 

Agri-environmental 

factor 

FPI Food price inflation, annual consumer prices % Economic factor 

Source: designed by author. 

 

Table 3 

Statistical summary of the cross-country original panel variables. 
Variable Mean Std. dev. Min Max Observations 

AFP 

Overall 59279.94 22669.31 27896.30 104091.00 N =     120 

Between - 23225.62 32159.28 96145.88 n =       6 

Within - 7784.32 39330.25 86903.45 T =      20 

GDP 

Overall 83.88 44.74 21.00 247.00 N =     120 

Between - 42.78 25.93 123.13 n =       6 

Within - 21.54 21.56 222.56 T =      20 

VOFI 

Overall 4.59 1.75 2.00 10.00 N =     120 

Between - 1.46 2.38 6.00 n =       6 

Within - 1.13 1.60 8.72 T =      20 

POB 

Overall 28.19 4.39 18.00 37.90 N =     120 

Between - 2.93 23.53 31.54 n =       6 

Within - 3.48 14.64 34.54 T =      20 

POPU 

Overall 7130.15 9311.20 592.47 33702.76 N =     120 

Between - 9920.87 1116.86 26950.35 n =       6 

Within - 1997.34 843.64 13882.55 T =      20 

FPI 

Overall 2.50 3.11 -0.86 15.05 N =     120 

Between - 0.65 10.76 3.46 n =       6 

Within - 0.05 -0.82 14.09 T =      20 

FC 

Overall 586.47 673.23 38.46 3100.73 N =     120 

Between - 567.41 88.64 1638.10 n =       6 

Within - 427.42 -01.63 2049.10 T =      20 

Source: author’s computations based on the studied data. 

The highest percentages of food price inflation were observed in Qatar in 2008 

with the average percentages across all countries (2.5 %). Furthermore, from Table 3, 
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it seems that the average quantities of the fertilizer’s consumption overall in all the 

countries are (586.47 kg/ha) with the lowest quantities consumed during 2000 

estimated as (38.46 kg/ha) and the highest quantities consumed during 2011 noted in 

Bahrain and estimates as (3100.73 kg/ha). 

The standard deviation for population, fertilizers consumption, and food price 

inflation is greater than the average value (corresponding mean) indicating that might 

be present of the non-normality distribution of data in (population and fertilizers 

consumption) and the negative numbers in food price inflation.  

Empirical econometric techniques. This study applies the balanced panel 

regression model grouped into four sub-panels food security models parallel to the food 

security indicators. The data was analyzed by pooled ordinary least square (POLS), 

fixed effect (FE), and random effect (RE) regression models to examine the 

relationship between the food security indicators and population, food price inflation, 

and fertilizers consumption. The models were run separately for each food security 

indicator (AFP, GDP, VOFI, and POB).  

To verify which model (POLS, FE and RE) was the most appropriate, the  

F-statistic, Lagrange Multiplier (LM) developed by Breusch and Pagan [48], and 

Hausman test [49] were performed. We approved these approaches of analysis, for the 

reasons: firstly, it is more suitable for the number of the period (T) < 25 and the numbers 

of countries (n) < 25, since small T panel estimation usually relies on fixed-or random-

effects estimators or a combination of fixed-effects estimators and instrumental-variable 

estimators [50]. Secondly, it is suitable when there is a presence of unit root among the 

food security indicators. Thirdly, it depicts heterogeneity effects in the data as we have 

some noted challenging factors due to cross-sectional differences among the countries. 

Basic econometric tests. Before starting the process of modeling the data, 

significant statistical tests were performed, for instance: to estimate whether there is a 

relationship between food security indicators and challenging factors, the Pearson 

Product-Moment Correlation approach (PPMC) together with multi-collinearity test 

via tolerance and Variance Inflation Factor (VIF) approaches, is used to detect and 

avoid the severity of multicollinearity among the explanatory variables in the OLS 

regression analysis. Likewise, skewness / kurtosis and Jarque and Bera [51] tests for 

normality of residuals are verified. Furthermore, homogeneity and cross-sectional 

dependence (CD) preliminary tests are performed following Pesaran et al. [52].  

Unit root tests. A plot graph is built to visualize the food security indicators and 

challenges variables and to compare their trend with one another in the selected period. 

But it is difficult to assess the condition of the stationary characteristics of these panel 

data based on plots. As we are interested in whether the studied variables (food security 

indicators and challenges factors) are stationary or not, thus, the current study applies 

two statistical unit root tests for examining the stationary characters following: 

A. Levin-Lin-Chu (LLC) test. The model of the LLC test is an expansion of the 

Augmented Dickey-Fuller, ADF [53; 54] test in the context of panel data since the LLC 

test proposes that individual processes are cross-sectionally independent, so we adopt 

that the LLC test equation for 𝑌𝑖𝑡  is generated by the following form: 
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 ∆𝑌𝑖𝑡 =  𝛼𝑖 + ∅𝑖 +  𝛿𝑡𝑖 + 𝜌𝑖𝑌𝑖,𝑡−1 + ∑ ∅𝐾
𝑛
𝐾 =1 ∆𝑌𝑖,𝑡−𝐾  + 𝒰𝑖𝑡 .    (1) 

The LLC equations include two fixed effects, 𝛼𝑖 and ∅i (unit-specific time effects), 

furthermore, the LLC test comprised separated deterministic trends in each series 

though 𝛿𝑡𝑖 and the lag form (∆𝑌𝑖,𝑡−𝐾) for removing the autocorrelation in ∆𝑌𝑖𝑡 . 

According to the log order (𝜌𝑖) for each cross-section, the 𝐻0   and 𝐻1 of the LLC test 

can be written as follows: 
𝐻0 ∶ 𝜌𝑖 =   𝜌 =  0,       (2) 

𝐻1 ∶ 𝜌𝑖 =   𝜌 <  0, 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖 =  1, . . . . 𝑁.     (3) 

This test was approved for this study because is likely to be suitable in a small 

sample of the time trend.   

B. Breitung and Das unit root test. Breitung and Das [55] suggest a robust OLS 

statistic involving panel corrected standard errors and establish the equation in matrix 

form, i.e., the cross-sectional correlation is depicted by a non-diagonal covariance 

matrix (Ω) and present the data such as: 

𝑦𝑡𝑖̃ = 𝑦𝑡𝑖 − 𝑦0𝑖 ,      (4) 

where 𝑦0𝑖  is the value of the initial observation and regularly estimates the 

variance-covariance matrix of the OLS estimator which denotes by 𝜗̂𝛽̂, later the robust 

t-statistic free of size distortions due to contemporaneous cross-sectional correlation 

for N and T tending to infinity achieved [56].  

𝑡𝑟𝑜𝑏 =
𝛽̂

√𝜗̂𝛽̂

=
∑ 𝑦𝑡=1

´𝑇
𝑡=1 ∆𝑦𝑡

√∑ 𝑦𝑡=1
´𝑇

𝑡=1 Ω̂𝑦𝑡

 , 
(5) 

Moreover, Werkmann [57] indicates that for a weak cross-sectional correlation, 

Breitung and Das test displays that 𝑡𝑟𝑜𝑏 has a standard normal limiting distribution in 

the null hypothesis: 

𝑡𝑟𝑜𝑏

𝑑
→  𝑁(0.1), 𝑎𝑠 𝑇 → ∞, 𝑓𝑜𝑙𝑜𝑤𝑒𝑑 𝑏𝑦 𝑁 → ∞     (6) 

This test has been chosen to be used in this study, because the method does not 

depend on the frequency of the weight function and is suitable for a small sample study 

test based on residual, in our study the T is greater than n.  

POLS model. POLS is also known as the Constant Coefficient Model (CCM), this 

model assumes that if an individual effect 𝜇𝑖 (cross-sectional or time-specific effect) 

does not exist (𝜇𝑖 = 0), OLS produces efficient and consistent parameter estimates 

(efficient model). In our study the equation of POLS for food security equation takes 

the formula as follows: 

𝐹𝑆𝐼𝑖𝑡 =  𝛼𝑖 + 𝛽𝐹𝐶′𝑖𝑡 + 𝒰𝑖𝑡 , i =  1 … … . N and t =  1, … … … T (𝜇𝑖 =0),       (7) 

where 𝐹𝑆𝐼𝑖𝑡  denotes the dependents variables (food security indicators), in this study 

the dependents variables as mentioned briefly in (Table 2) are AFP, GDP, VOFI, or POB; 

𝐹𝐶′𝑖𝑡 is a set of the explanatory variables (challenges) i.e., including the ith 

observation of K on explanatory variables, POPU, FC, or FPI; 

𝛽𝑖𝑡 has estimated coefficients for POPU, FC, or FPI; 

i denotes GCC countries (1 to 6) and t denotes time (2000 to 2019), the i and t 
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subscript, thus denote the cross-section dimension and time-series dimension, 

respectively; 

𝛼𝑖   is a fixed effect (scalar), denotes unobserved country-specific effects which 

are assumed to be fixed over time and vary across countries (i); 

𝒰𝑖𝑡  random disturbance, while most of the panel data presentations employ a one-

way error component model for the disturbances with: 

𝒰𝑖𝑡  =  𝜇𝑖 + 𝒱𝑖𝑡,                                                  (8) 

where 𝜇𝑖  denotes the unobservable individual-specific effect and 𝜈𝑖𝑡 denotes the 

residue disturbance [58].  

FE model. A fixed-effect model examines if intercepts vary across groups or time 

[59]. FE model is estimated by least squares dummy variable (LSDV) regression 

(robust model). A parameter estimate of a dummy variable is a part of the intercept 

(𝛼𝑖) in a fixed-effect model, i.e., the intercept is varying across groups and/or time. 

Thus, the equation of FE for food security indicators takes the follows: 

𝐹𝑆𝐼𝑖𝑡 =  (𝛼𝑖 + 𝜇𝑖)  + 𝛽𝐹𝐶'
𝑖𝑡

 + 𝒱𝑖𝑡.                                (9) 

In this fixed-effect regression model, the null hypothesis (𝐻0) is that all dummy 

parameters are equal to zero exclusion for omitted one.  

𝐻0 =  𝜇1 − − − 𝜇1−1 = 0, while the alternative hypothesis (𝐻0), is that at least 

one dummy parameter is not zero. 

𝐻1 ≠ 0, if the 𝐻0 is rejected there is a significant FE. For selecting whether the 

EF is better or not than the POLS, then this hypothesis is tested by the F-statistic test. 

The F-statistic test contrasts LSDV with the POLS model and examines the extent 

that which the goodness-of-fit measures (R2) changed and takes the formula of: 

𝐹(𝑛 − 1, 𝑛𝑇 − 𝑛 − 𝐾)  =
(é 𝑒𝑝𝑜𝑜𝑙𝑒𝑑−é𝑒𝐿𝑆𝐷𝑉)/(𝑛−1)

(é𝑒𝐿𝑆𝐷𝑉)/(𝑛𝑇−𝑛−𝐾)
 =  

𝑅𝐿𝑆𝐷𝑉
2  −𝑅𝑝𝑜𝑜𝑙𝑒𝑑  /(𝑛−1)

2

1−𝑅𝐿𝑆𝐷𝑉
2 /𝑛𝑇−𝑛−𝐾)

,       (10) 

where é 𝑒𝑝𝑜𝑜𝑙𝑒𝑑  𝑎𝑛𝑑 é𝑒𝐿𝑆𝐷𝑉 is the sum of squares due to the error of the POLS 

and LSDV model;  

T is the number of periods (T = 20 years). 

The null hypothesis (𝐻0): select POLS (P > 0.05) otherwise the alternative 

hypothesis (𝐻1): select FE (P < 0.05). 

RE model. A random-effect model explores differences in error variance 

components across individuals or time. A parameter estimate of a dummy variable is 

an error component in a random effect model, i.e., the intercept (∝𝑖) is constant. Thus, 

RE formulas for the food security indicators take the follows: 

 𝐹𝑆𝐼𝑖𝑡 =  𝛼𝑖 + 𝛽𝐹𝐶′𝑖𝑡  +  ( 𝜇𝑖 + 𝒱𝑖𝑡).                           (11) 

The RE model is tested by the Lagrange multiplier (LM) statistic test and it 

follows the chi-squared (X2). The LM test investigates if individual or period-specific 

variance components are zero, then: 

𝐻0 = 𝜎𝑢 
2  = 0,                                                 (12) 

where 𝜎𝑢 
2  is variance components estimated in RE in case the 𝐻0 is rejected, there 

is a significant RE in the panel data, the advantage of the RE is that it is well consistent 

with heterogeneity than does the POLS. The LM takes the formula as: 
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𝐿𝑀𝑢 =  
𝑛𝑇

2(𝑇−1)
[

𝑇2é̅ 𝑒 ̅

𝑒 ´𝑒
 − 1]

2

~𝑋2,                              (13) 

where é̅ 𝑒 ̅ is the sum of squared means group-specific residuals. 

𝐻0: select POLS (P > 0.05) otherwise 𝐻1: select RE (P < 0.05). 

Furthermore, the specification test developed by Hausman [42] is applied to test 

for orthogonality of the RE and the regressors. The test is founded on the concept that 

under the hypothesis of no correlation, both OLS in the FE model and RE are 

consistent, but OLS is inefficient, whereas, under the alternative, OLS is consistent, 

but RE is not [60]. Therefore, the Hausman test performs for comparing the relevance 

of the FE and RE models and takes the formula:  

𝐻 =  (𝛽𝐹𝐸 − 𝛽𝑅𝐸)´ ⌈𝑉𝑎𝑟 (𝛽𝐹𝐸 ) − 𝑉𝑎𝑟(𝛽𝑟)⌉
−1

(𝛽𝐹𝐸 − 𝛽𝑅𝐸),           (14) 

where H denotes to Hausman test, 𝛽𝐹𝐸 which is the coefficient of FE and the 

coefficient of 𝛽𝑅𝐸. 

𝐻0: select RE (P > 0.05) otherwise 𝐻1: select FE (P < 0.05). 

Results and discussion. Basic econometrics tests results. Table 4 summarizes the 

result of PPMC and VIF results. The PPMC results indicate that food production has a 

statistically significant and negative correlation with GDP, food import, population, and 

fertilizers consumption, however, has an appositive correlation with obesity and food price 

inflation. Besides, GDP, and food imports, show a negative correlation with obesity and a 

positive correlation within the population. However, GDP does not correlate with food 

import and food price inflation, but a negative correlation and statistically significant is 

identified between GDP and fertilizers consumption, though, food import correlated 

positively with fertilizers consumption. Likewise, obesity and population have shown a 

negative correlation between fertilizers consumption. It noted that fertilizers consumption 

has a statistically significant correlation with all variables except food price inflation. As 

the evidence of highly correlated variables can affect the precise estimation of regression 

which might lead to bias inference [61], the study achieves a multi-collinearity protection 

omission or inclusion of explanatory variables within the study model.  

Table 4 

Pearson correlation coefficient and multicollinearity analysis 

PPMC Results 
Test of multi-

collinearity 

Vari-

able 
AFP GDP VOFI POB POPU FPI FC VIF 

Tole-

rance 

AFP 1       - - 

GDP -0.26*** 1      - - 

VOFI -0.71*** 0.18 1     - - 

POB 0.31*** -0.23** -0.46*** 1    - - 

POPU -0.27*** 0.44*** 0.22** 0.14 1   1.12 0.89 

FPI 0.22** -0.11 -0.25*** 0.20** -0.02 1  1.01 0.99 

FC -0.21** -0.36*** 0.30*** -0.21** -0.33*** -0.09 1 1.13 0.88 

Mean VIF = 1.09 

Note. ***, **, and * represent statistical significance at the 1 %, 5 %, and 10 % level, respectively. 

Source: author’s computation based on the collected data. 
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The tested values of VIF are lower than 2 and the results of mean VIF are less 

than 5 (1.09), beside the degree of tolerance for explanatory variables is greater than 

0.5 (Table 4) suggesting that there is no multicollinearity between the explanatory 

variables, so the population, fertilizers consumption and food prices inflation are 

included in the study models as social, agri-environmental, and economic keys 

challenges are affected the food security indicators in GCC countries.  

Moreover, Table 5a shows that the food security indicators for GDP and obesity 

are positively skewed across all panels with p > 0.05, which indicates that these 

indicators are normally distributed. Whereas the other indicators (food production and 

food import) together with all food security challenges (population, food price 

inflation, and fertilizers consumption) show non-normal distributions. Accordingly, the 

variables are transformed into logarithmic forms. 

Table 5a 

Skewness / Kurtosis tests for normality 

Variable Obs 
Pr 

(skewness) 

Pr 

(kurtosis) 
adj chi2(2) Prob>chi2 Normality 

AFP 120 0.00 0.00 15.36*** 0.00 Non-normal  

GDP 120 0.21 0.99 1.59 0.45 Normal  

VOFI 120 0.00 0.50 6.89** 0.03 Non-normal  

POB 120 0.59 0.35 1.16 0.55 Normal  

POPU 120 0.00 0.01 31.01*** 0.00 Non-normal  

FPI  120 0.00 0.00 55.31*** 0.00 Non-normal 

FC 120 0.00 0.00 44.63*** 0.00 Non-normal 

Jarque-Bera Test for Normality of Residuals (Joint test) 

JB test  120 0.7061 0.0684 3.54 0.1702 Normal 

Note. ***, **, and * represent statistical significance at the 1 %, 5 %, and 10 % level, 

respectively. 

Source: author’s computation. 

Besides, the JB normality jointed test assures the normality of errors at a 5 % 

significance level i.e., given that the p-value (0.1702) is greater than 5 % for the 

residual, the 𝐻0 is accepted and thus the residuals are normally distributed (Table 5a). 

Furthermore, our empirical results for slope homogeneity are reported in Table 5b 

indicating the rejection of the null hypothesis and acceptance of the alternative 

hypothesis of the heterogeneity at 1 % for the dependents variable for AFP and GDP 

variables. However, the results show that the slope coefficient of the VOFI is 

homogenous. 

Table 5b 

Testing for slope heterogeneity 
Dependent variable AFP GDP VOFI 

Test  Statistics p-value Statistics p-value Statistics p-value 

Delta  6.66 *** 0.00 3.04*** 0.00 0.75 0.45 

Delta adj. 7.96 *** 0.00 3.64*** 0.00 0.90 0.36 

Note. ***The level of significance is determined by 1 %. 

Source: author’s computation. 

Table 5c displays the findings of the CD test created on the results of the cross-
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sectional dependence attempt, the rejection of the null assumption, and acceptance of 

the alternative statement that, a cross-sectional dependence exists within variables for 

VOFI, POB, POPU, and FC was crucial at the 1 % level. While our results show no 

existence of a cross-sectional dependence within variables for AFP and GDP.  

Table 5c 

Results of cross-sectional dependence test 
Variable CD-test p-value 

AFP 0.86 0.39 

GDP 0.55 0.58 

VOFI 8.44*** 0.39 

POB 6.99*** 0.00 

POPU 16.68*** 0.00 

FC 2.36*** 0.00 

Note. ***The level of significance is determined by 1 %. 

Source: author’s computation. 

Unit root test result. The LLC and Breitung test results are reported in Table 6. 

The results reveal that Log AFP, Log VOFI, Log POPU, Log FPI, and Log FC variables 

are stationary (no unit root) at the level test and therefore are said to be stationary and 

integrated of order zero i.e. I (0). While GDP, POB, and Log FPI are non-stationary at 

the level test (unit root) and this means that all of the variables have the same order of 

integration, which is I (1), and further became stationary at the first-order difference 

(Table 6). In contrast, the Breitung test shows that the VOFI, FC, and FPI variables are 

stationary at level, while the AFP, GDP, POB, and POPU become stationary at the 

first-order differences.  

Table 6 

LLC test for unit root at the level 
Unit root analysis at the level 

Variable 

term 

LLC  

t-statistic 
p-value 

Statistical 

decision 

Breitung 

lambda 
p-value 

Statistical 

decision 

Log AFP -1.61** 0.05 S 0.08 0.52 NS 

GDP -1.29* 0.09 NS 0.01 0.50 NS 

Log VOFI -2.07** 0.01 S -2.56*** 0.00 S 

POB -0.30 0.38 NS 2.13 0.98 NS 

Log POPU -1.82** 0.03 S 0.42 0.66 NS 

Log FC -3.39 *** 0.00 S -1.70** 0.04 S 

Log FPI -1.13 0.12 NS -4.47*** 0.00 S 

Unit root analysis at first difference 

∆ Log AFP - - - -3.98*** 0.00 S 

∆ GDP -2.52*** 0.00 S -2.17** 0.01 S 

∆ POB -3.84*** 0.00 S -7.09*** 0.00 S 

∆ Log 

POPU 
- - - -1.80** 0.03 S 

∆ Lag FPI -4.62*** 0.00 S - - - 

Notes. S = stationary, NS= non-stationary, ∆ Stands for the first difference. 

***, **, and * represent statistical significance at the 1 %, 5 %, and 10 % level, respectively. 

Source: author’s computations. 
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Challenges of the Food security indicators. The estimations observed from 

Table 7 show that the influence of the population has a negative influence on food 

availability as expected, moreover, fertilizers consumption negatively impacts food 

availability. However, the population impact of food availability is stronger than 

fertilizer consumption. This result confirmed by Molotoks et al. [30] that population 

growth affects food availability. In contrast with Arabic countries, Devesh and Affendi 

[15], find that food security is significantly affected by the population growth rate in 

Oman, and rising population growth positively influences food security in Algeria [62].  

While food price inflation has a positive impact on food availability. These results 

confirmed with [63] argued that an increase in food prices will adversely affect food 

availability. In comparing the F-statistic, p < 0.05, then the FE model is recommended 

over the POLS. However, the Breusch-Pagan LM test indicates that the POLS method 

became preferable over the random-effects model, p < 0.05 (Table 7). Conversely, the 

Hausman test accepted the null hypothesis, therefore, the Hausman test indicated that 

the studied variables were correlated and indicate that the RE method became 

preferable to the FE model (p > 0.05). Later, as the results of the tests’ analysis, the RE 

was chosen. The choice of this model was proven after the results of the  

F-statistic, Breusch-Pagan LM and Hausman, used to determine which model was most 

appropriate (Table 7). 

Table 7 

Challenges of food availability in the GCC countries (2000–2020) 

Model 

Estimators  

POLS (CCM) 

(t-value) 

FE (LSDV) 

(t-value) 

RE (GLS) 

(Z-value) 

Difference 

(FE-RE) 

Constant 5.40*** 

(35.67) 

5.23*** 

(51.83) 

5.23*** 

(39.10) 

- 

∆ log POPU -0.12*** 

(-3.85) 

-0.14*** 

(-4.55) 

-0.14*** 

(-4.59) 

0.00 

Log FC -0.10*** 

(-3.46) 

0.01 

(0.03) 

-0.00 

(-0.04) 

0.00 

∆ Lag FPI 0.055 

(0.12) 

0.03** 

(2.78) 

0.03*** 

(2.82) 

0.00 

R2 0.16 - - - 

F-statistic 

(Prob > F) 

7.47*** 

(0.00) 

9.98*** 

(0.00) 

- - 

F test that all 

u_i=0: 

- 242.66*** 

(0.00) 

- - 

Wald chi2(3) 

(Prob > chi2) 

- - 30.58** 

(0.00) 

- 

LM (Prob > 

chibar2) 

- - 870.11*** 

(0.00) 

- 

Hausman: chi2(3) 

(Prob>chi2) 

- - - 0.17 

(0.98) 

Notes. (i) t and z-statistics are reported in parentheses; (ii) ***, **, and *represent statistical 

significance at the 1 %, 5 %, and 10 % level, respectively. 

Source: panel models’ results. 
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Additional findings, the results in Table 8 confirm the study hypothesis that the 

population factor challenges food access. However, the first-year lag of the population 

is positive in the POLS estimation but negative in the fixed-effect model. The 

coefficient and the significance levels also differ between the models for other 

variables. The fixed-effect model examines with positive significantly coefficient of 

FC. Boulanger et al. [64], indicate that the use of fertilizers enhanced food security 

(food availability). The result for food price inflation is more uncertain, with a 

statistically not significant coefficient in the three estimations.  

Additionally, Table 8 shows the p-value of the tests at a significance level of 1 % 

given that Ho was rejected through the F-test result (0.00). Therefore, we concluded 

that the FE model was an adequate option, moreover, the Hausman test rejected the 

null hypothesis such as the Breusch-Pagan LM test; therefore, the Hausman test 

indicates that the variables were uncorrelated (p < 0.05). 

Table 8 

Challenges of food access in the GCC countries (2000–2020) 

Model 

Estimators 

POLS (CCM) 

(t-value) 

FE (LSDV) 

(t-value) 

RE (GLS) 

(Z-value) 

Difference 

(FE-RE) 

Constant  
-110.56** 

(-3.05) 

349.77*** 

(8.10) 

224.51 - 

∆ log POPU 
55.30*** 

(7.57) 

-84.67*** 

(-6.45) 

-40.68 -43.20 

Log FC  
0.45 

(0.06) 

14.61* 

(2.06) 

1.85 12.76 

∆ Lag FPI 
-10.92 

(-1.31) 

-0.18 

(-0.04) 

-1.12 0.94 

R2 0.36 0.34 0.35 - 

F-statistic 

(Prob > F) 

21.68*** 

(0.00) 

14.01*** 

(0.00) 

- - 

F test that all u_i = 0: 
- 60.93*** 

(0.00) 

- - 

Wald chi2(3) 

(Prob > chi2) 

- - 10.95 

(0.01) 

- 

LM (Prob > chibar2) 
- - 188.02*** 

(0.00) 

- 

Hausman: chi2(3)  

(Prob>chi2) 

- - - 110.72*** 

(0.00) 

Notes. (i) t and z-statistics are reported in parentheses; (ii) ***, **, and * represent statistical 

significance at the 1 %, 5 %, and 10 % level, respectively. 

Source: panel models’ results. 

At the same time, the Breusch-Pagan test indicates that the FE method became 

preferable to the pooled and random-effects model. This indicates that there is evidence 

of significant differences in food access across the GCC countries (Table 8).  

Concerning food stability, as is expected the results of the three models indicate 

that the increase in the total population will lead to an increase in food import (food 

stability) positively (Table 9). This result is consistent with Xiang et al. [65], which 
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indicates that the high population pressure has increased the imported food to meet the 

food security. Besides, the study results indicate that food price inflation has a 

significant negative impact on the food import (food stability), these results are 

consistent with Wardhani and Haryanto [66], who confirm that food price inflation has 

shown a negative effect on food security (Table 9). 

Table 9 

Challenges of food stability in the GCC countries (2000–2020) 

Model 

Estimators 

POLS (CCM) 

(t-value) 

FE (LSDV) 

(t-value) 

RE (GLS) 

(Z-value) 

Difference 

(FE-RE) 

Constant 
-0.05 

(-0.35) 

0.33* 

(2.22) 

0.32 

(1.96) 

- 

∆ log POPU 
0.11*** 

(3.46) 

0.07* 

(2.12) 

0.07* 

(2.18) 

0.00 

 

Log FC 
0.13***  

(4.19) 

0.03 

(0.86) 

0.04 

(1.04) 

-0.01 

 

∆ Lag FPI 
-0.08* 

(-2.28) 

-0.05* 

(-2.28) 

-0.05* 

(-2.33) 

0.00 

R2 0.23 0.23 0.25 - 

F-statistic 

(Prob > F) 

10.33*** 

(0.00) 

3.53** 

(0.01) 

- - 

F test that all u_i=0: 
- 37.34*** 

(0.00) 

- - 

Wald chi2(3) 

(Prob > chi2) 

- - 11.31** 

(0.01) 

- 

LM (Prob > chibar2) 
- - 356.17*** 

(0.00) 

- 

Hausman: chi2(3) 

(Prob>chi2) 

- - - 0.46 

(0.93) 

Notes. (i) t and z-statistics are reported in parentheses; (ii) ***, **, and * represent statistical 

significance at the 1 %, 5 %, and 10 % level, respectively. 

Source: panel models’ results. 

Although the result of the POLS shows a positive significant effect of the fertilizer 

consumption on the food import (food stability), the results of the FE and RE expose 

not statistically significant for the coefficient of fertilizers consumption (Table 9). This 

might be related to the orientation of agricultural policy of GCC countries towards 

increasing and depending on the domestic fertilizer consumption specifically the 

organic fertilizers. Also because of the desert topography and unfertile lands of the 

Gulf region, the consumption of fertilizers is high. 

In contrast, the F-statistic, p < 0.05, then the FE model is more recommended than 

the POLS. However, the Breusch-Pagan LM test indicates that the POLS method 

became preferable around the random-effects model, p < 0.05. In opposition, the 

Hausman test accepted the null hypothesis, therefore the Hausman test indicates that 

the variables were correlated and reveals that the RE method became preferable to the 

FE model (p > 0.05). Like the model of the food availability, based on the results of 

the F-statistic, Breusch-Pagan LM and Hausman, the RE was chosen as most 
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appropriate for the food stability model (Table 9).  

Moreover, as shown in Table 10, the results point out that of all estimated models 

a negative correlation is observed when analyzing fertilizers consumption with the 

prevalence of obesity (food utilization). This might be related to other factors affecting 

the prevalence of obesity, for instance, several scholars argue that the dependency on 

processed imported food leads to an increase in the prevalence of obesity [67; 68]. The 

population coefficient resulting from the EF model shows a statically significant 

positive effect on food utilization (prevalence of obesity). 

Table 10 

Challenges of food utilization in the GCC countries (2000–2020) 

Model 

Estimators 

POLS (CCM) 

(t-value) 

FE (LSDV) 

(t-value) 

RE (GLS) 

(Z-value) 

Difference 

(FE-RE) 

Constant 
1.53*** 

(22.82) 

1.14*** (8.70) 1.45*** 

(18.13) 

- 

∆ log POPU 
0.00 

(0.56) 

0.11** (3.53) 0.02 

(1.24) 

0.12 

Log FC 
-0.05*** 

(-3.60) 

-0.04* 

(-3.32) 

-0.03* 

(-2.83) 

-0.03 

∆ Lag FPI 
0.03 

(1.76) 

0.02 

(1.27) 

0.02 

(1.33) 

0.00 

R2 0.03 0.15 0.31 - 

F-statistic 

(Prob > F) 

6.65*** 

(0.00) 

5.86*** 

(0.00) 
- - 

F test that all u_i=0: - 
9.15*** 

(0.00) 
- - 

Wald chi2(3) 

(Prob > chi2) 
- - 

12.78*** 

(0.00) 
- 

LM (Prob > chibar2) - - 
34.23*** 

(0.00) 
- 

Hausman: chi2(3) 

(Prob>chi2) 
- - - 

11.18** 

(0.01) 

Notes. (i) t and z-statistics are reported in parentheses; (ii) ***, **, and * represent statistical 

significance at the 1 %, 5 %, and 10 % level, respectively. 

Source: panel models’ results. 

The food price inflation (FPI) shows no significant effect on food utilization 

(prevalence of obesity), when we compare our result of the FPI with the study 

performed by Matz et al. [69], they examine the impacts of rising food prices on food 

security indicators, indicate that food price inflation has impacted the reductions in the 

number and frequency of meals consumed, but has little impact on diet diversity 

indicators, or on calorie consumption. Similar Wang [42] confirms that food price did 

not influence food security.  

Furthermore, from Table 10 we concluded that the FE model was an adequate 

option (in comparison to POLS, F-test result (0.00). In contrast, the Breusch-Pagan LM 

test rejects the null hypothesis, and this shows that the pooled method became 

preferable over the random-effects model, and this indicates that there are suggestions 
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of significant differences in food utilization across GCC countries, at the same time, 

the Hausman test rejected the null hypothesis such as the Breusch-Pagan LM test, 

which indicates that the variables were uncorrelated (p < 0.05). Referring to these tests 

the FE model is an appropriate option for analyzing the food utilization model.  

Brief view of the obtained results for the different models and specifications, it 

appears that the social factor (total population) is an important challenge of food 

security [70]. The results for other challenges are mixed and differ between the panel 

models. And lastly, the combination of these challenges has impacted food security in 

the GCC countries. 

Conclusions. Boosting food security represents a key priority for policymakers 

in oil GCC countries, hence the GCC countries established the strategies and visions 

for ensuring food security to meet the population growth for the coming decades. The 

current study aims to identify the most challenges of food security across the GCC 

countries and tries to investigate the most appropriate model of the econometric 

approach for achieving the goal of this study. 

Using three alternatives of panel data analysis, POLs, FE, and RE, the present 

study attempts to identify the challenges of food security across GCC countries for the 

period (2000–2019). The study focuses on the three substantial challenges that impact 

the food security indicators: social (total population), economic (food price inflation), 

and agri-environmental (fertilizers consumption) challenges. The food production, 

gross domestic product per capita, food import, and prevalence of obesity variables are 

selected to represent the food availability, access, stability, and utilization; 

respectively. 

The findings of PPMC and VIF results expose that food production, has a 

negatively correlated with GDP, food import, population, and fertilizers consumption, 

and appositively correlated with obesity and food price inflation. In the same manner 

GDP, and food imports negatively correlated with obesity and positively correlated 

with population. Furthermore, obesity and population have signed a negative 

relationship between fertilizers consumption. Fertilizer consumption has a statistically 

significant association with all variables except food price inflation. The outcomes also 

confirm that there is no multicollinearity between the explanatory variables. 

The preliminary analysis pointed out that, a cross-sectional dependence exists 

within variables for VOFI, POB, POPU, and FC. Likewise, our findings show no 

existence of a cross-sectional dependence between AFP and GDP variables.  

The results confirm that population growth is a significant driver of food security 

indicators in the GCC countries, in particular, the food stability indicators. Moreover, 

food price inflation has a significant impact on the food production (food availability) 

and food imports (food stability). The food price inflation shows no significant effect 

on food access and food utilization. Fertilizer consumption has significant challenges 

the food utilization. Considering results obtained from the food access model the 

results of the Breusch-Pagan test suggest that the FE method became preferable to the 

pooled and random-effects model and conclude that there is proof of significant 

differences in food security among the GCC countries.  
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Concerning the appropriate model of the panel models analysis, the study 

concludes that random effects estimators of regression coefficients of food availability 

and stability challenges are more statistically efficient than those for POLS and fixed 

effects. While the fixed effects estimators are most preferred for the coefficients of 

food access and utilization challenges.  

The study recommends that decision-makers initiate interventions that promote 

food security via increasing food imports and channeling foreign direct investment in 

agricultural products to meet the continual increase in population. However, our 

research is restricted to the three challenges and hence the results cannot be generalized 

to all food security challenges. To overcome this limitation, future research should be 

conducted on other factors affecting food security. 
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