
Heliyon 10 (2024) e33522

Available online 24 June 2024
2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).

Research article 

Moving towards food security in South Asian region: Assessing the 
role of agricultural trade openness, production and employment 

Lihong Fan a, Nazhat Nury Aspy b, Dilruba Yesmin Smrity b, Md. Farid Dewan b,c, 
Md. Golam Kibria b,*, Mohammad Haseeb d, Mustafa Kamal e,**, 
Md. Saidur Rahman c 

a School of Finance and Economics, Hainan Vocational University of Science and Technology, Haikou, China 
b Department of Economics, Noakhali Science and Technology University, Noakhali, 3814, Bangladesh 
c Department of Agricultural Economics, Bangladesh Agricultural University, Mymensingh, 2202, Bangladesh 
d Department of Management Studies, Graphic Era Deemed to be University, Dehradun, Uttarakhand, 248002, India 
e Department of Basic Sciences, College of Science and Theoretical Studies, Saudi Electronic University, Dammam, 32256, Saudi Arabia   

A R T I C L E  I N F O   

Keywords: 
Agricultural trade openness 
Production 
Employment 
Food security 
South Asia 

A B S T R A C T   

Despite several accomplishments in addressing malnutrition, the issue of food scarcity remains a 
persistent concern all over the globe, particularly in the South Asian region. One recommended 
solution to address this situation involves advocating for further liberalization of global food 
trading and opening employment opportunities. In this context, using panel data spanning 
2000–2019, this study makes a novel attempt to quantify the impact of agricultural trade 
openness and agricultural employment on food security in countries belonging to the South Asian 
region while controlling the tariff and agricultural production. Using “Fully Modified Ordinary 
Least Square (FMOLS)” and “Dynamic Ordinary Least Square (DOLS)” modeling, this article 
concludes that increased agricultural trade openness hinders food security in this region. Because, 
the member countries of South Asia are heavily reliant on food imports to meet their domestic 
needs, implying that the expenses of food imports exceed the potential benefits of increasing 
exports. Moreover, tariffs have a detrimental impact on food security in this region. However, 
production and employment in the agricultural industry augment earnings, strengthen the ca
pacity to buy food, and ensure adequate nutrition intake over the long term. The study’s findings 
suggest that these nations should prioritize food self-sufficiency to expand agricultural exports 
and lessen their reliance on imported food. More than that, economies should provide rewards to 
broaden their agricultural production locally, which aids in reducing hunger and uplifting food 
security.   

1. Introduction 

Despite the significant progress in technology witnessed in the 21st century, the persistence and exacerbation of food insecurity in 
emerging nations remains a confounding phenomenon [1]. Despite enormous gains in agricultural efficiency and financial success over 
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the recent decades, food insecurity exists in South Asian nations as developing countries owing to factors such as climatic changes, 
rising food prices, and the ongoing conflict between Russia and Ukraine. Even though South Asian regions are home to only about 21 % 
of the worldwide population, they are also home to an estimated 20 % of the entire world’s seriously starving folks [2]. However, closer 
interdependence, such as that facilitated by the South Asian economies, which leads to comprehensive trading among member nations, 
may ease the food insecurity dilemma [3]. 

The World Bank claims that South Asian economies’ food vulnerability rose from 13.3 % to 18.7 % approximately within the 2016 
to 2019 period. Furthermore, the COVID-19 pandemic increased this number by 2 % and hit 21 % in 2021 [2]. The COVID-19 outbreak, 
and inflation entirely caused by the Russia-Ukraine conflict are also major factors behind it, directly or indirectly affecting household 
purchasing power [4]. However, one of the critical factors of food consumption levels is availability [5], which is less satisfactory in 
South Asian nations than in other parts of the world due to inadequate production to meet the fundamental regional needs. 

As outlined by the Food and Agricultural Organization [6], food security arises when everyone can access nutritious meals, they 
need to attain an acceptable quality of life. The FAO cites four aspects, availability, accessibility, stability, and nutritional status, jointly 
comprising the standard definition of food security [7]. Hence, a set of metrics pertaining to each aspect should be highlighted to get a 
better knowledge of food security [8]. At the World Food Summit in 1996, global heads of state committed to halving the prevalence of 
undernourishment by 2015 as a part of the eight Millennium Development Goals (MDGs) [9]. Furthermore, in 2015, seventeen 
Sustainable Development Goals (SDGs) were formed to develop a more novel global method for creating a practical dietary and 
nutritional framework by 2030, particularly, SDGs-2 emphasized ending hunger and protecting food security [10]. 

In the last few decades, local food poverty has been lowered due to trade liberalization actions of the world’s socially and 
economically interdependent regions [11,12]. As a result, many countries today realize the benefits of trade openness in guaranteeing 
their citizens enjoy sufficient food access [13]. However, potential net gains are often used to identify the strengths of agricultural 
trade openness. Increasing agricultural trade opens markets and cuts food prices, helping people receive sufficient nutrition [14]. An 
empirical study suggested that food security status tends to improve after a certain level of trade openness [8]. Likely, Kang [15] 
assessed the intensity of global trading on food security that falls in the first phases of trade liberalization but increases once that 
barrier is crossed. However, Bezuneh and Yeheyis [16] asserted that trade openness’s impact on achieving food availability needs to be 
clarified because it may reduce food shortages through increased imports while also turning developing countries more reliant on 
imports. Addressing this point, Chikhuri [17] analyzed several food security indicators and claimed that the consequences of various 
trade liberalizing initiatives on significant food security indices in the Sub-Saharan region are uncertain. Besides, tariffs, a specialized 
levy on imported and exported things, are vital to such trade reformation schemes. If regional or bilateral dialogues lead to lower tariffs 
on agricultural commodities, there could be an opportunity to boost food imports and cut food prices, thus bolstering food security 
[17]. 

A key indicator of overall food production is agricultural labor or the volume of the workforce who are engaged in agriculture [8]. 
In general, men in developing countries are more interested in industrial jobs or migrating, putting agriculture on women [18]. By 
providing their labor entirely, women may not be able to ensure that food production volumes remain sufficient to assure the nation’s 
safety from hunger. Food insecurity is caused by many other factors, including lower agricultural production, and distribution issues 
accompanied by both available and constrained access to food [19]. Improvements in dietary consumption and increased or decreased 
food prices are also associated with food security [20,21]. On the supply side, more outstanding agricultural production frequently 
leads to higher food production and thus supply efficiency, which increases the income of poor agrarian labor in developing countries 
[22]; as well as food security condition is boosted by improving availability, accessibility, and stability [23]. 

However, the South Asian region is an agriculture-oriented nation, and its growing population has made significant success in 
raising domestic food production. Still, food security is threatened by several geopolitical, environmental, and socioeconomic issues 
besides food inflation, such as a lack of institutional support for progressive farming, inadequate infrastructure, and the availability of 
modern technology used in agricultural production [24]. Moreover, improper management, ineffective transportation systems, 
inadequate financial support, unfair prices, and insufficient research are also responsible for food insecurity [25,26]. Such factors are 
mainly behind limited agricultural productivity that cannot fully meet domestic demand as land, production, and employment in 
agriculture are decreasing. 

Most of the prior research used development or poverty indicators such as social welfare [27,28], poverty and inequality [14], 
economic growth [29], and trade-related consequences [30,31] rather than food security indicators [1,8,13]. To be more explicit, the 
existing literature discloses that most attempts target general trade openness instead of agricultural trade openness for its link to food 
security. To bridge this knowledge gap, this study is the first to look at tariffs, agricultural employment, and agricultural production 
alongside trade policies to assess their impact on food security in the South Asian region. This paper adopts the methods of Zhao and 
Liu [32], who figured out agricultural trade openness by aggregating agricultural export and import trade openness. As a contribution, 
this article endeavors to answer the following questions and make proposals for policy for tackling food insecurity in South Asian 
economies.  

(a) Does agriculture trade openness assist in lessening food insecurity challenges or not?  
(b) How significant is agricultural employment in enhancing food security?  
(c) Is there any connection between tariffs and food security status in South Asian nations?  
(d) Does agriculture production affect food security or not? 

To figure out the answers, this article conducts the FMOLS and DOLS procedures for the availability indicator of food security, 
employing panel data from 2000 to 2019 in the context of South Asian countries. The models are used because they strengthen 
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ordinary least squares (OLS) by fixing their shortcomings regarding endogeneity bias and serial correlation [33,34]. To further 
elucidate the link between food security, agricultural trade openness, production, employment, and tariff [35], this study additionally 
incorporates Dumitrescu Hurlin’s causality tests. 

2. Past literature and hypothesis development 

2.1. Trade openness, tariffs, and food security 

It has always been a persistent problem for the global community to ensure food security. In case to eliminate this problem, recent 
developments in global food trading have emerged as a vital cog in the wheel of global food provisioning [36]. In many cases, experts 
discovered that trade openness led to more excellent food security. Still, some literature asserted the opposite scenario; agricultural 
trade openness or trade openness negatively affects food security by increasing food price inflation. However, the costs to farm 
households in poor countries are often disproportionate to the advantages, as was discovered by Wise [37]. Moreover, the phenom
enon of international trade leads to an increased reliance on food imports in China, negatively impacting food security. In their study, 
Yu Zhu [38] demonstrated the negative interaction by employing an “autoregressive distributed lag (ARDL)" model. Nevertheless, it is 
important to note that many developing nations have challenges in terms of their ability to effectively engage in free trade and reap the 
benefits of liberalized agricultural commerce [39,40]. Fellmann [41] showed that temporary export controls can significantly exac
erbate the detrimental impacts on food security. Furthermore, Mary [42] elaborated that if the food trade opened up by 10 %, mal
nourishment may spread by 6 % more widely. More precisely, emerging nations restrict food trade openness in reaction to rising 
famine and support protectionist policies. The openness of the food trade would be reduced by 0.9 % for every percentage increase in 
the frequency of undernourishment. 

Pyakuryal [43] investigated that, with the lowest tariff rate within South Asian countries and other substantial policies, Nepal’s 
aggregate food security indicator shows improvement. Additionally, Khalid [12] found that a higher exchange rate due to tariffs 
reduces the trade volume and claims the non-existence of a long-term correlation between regional trading and the level of food 
security. 

2.2. Agriculture employment and food security 

Employment in agriculture is one of the critical indicators of food production. With the flow of time, industrialization is grabbing 
the agricultural labor force. Migration of the labor force to the off-farm sector reduces agricultural employment. An attempt by Sunam 
and Adhikari [44] presented a complex and contradictory result from the perspective of temporary labor migration and food security in 
Nepal. It exhibited that labor migration from the agricultural sector, which is the reduction in agricultural employment, improves the 
food security condition in the short run by remittance. Still, at the same time, such erosion of agricultural jobs adversely influences 
food production. Low food production elevates food import dependency and impends the access of low-income groups to food. On the 
other hand, Gartaula [45] explored a positive nexus between off-farm labor migration and food security. This attempt found that 
increased male labor migration to off-farm jobs enhance food purchasing power and raises food security. Such a positive correlation of 
food security demonstrates an improved sufficiency and absorption of food for non-farm households. Mkwambisi [46] postulated a fact 
about urban agriculture, where a large portion of urban residents have access to rural agriculture through remittance or land 
ownership. Their investigation confirmed that such linkage between rural and urban agriculture and the participation of urban in
dividuals in rural agriculture has a direct or indirect positive influence on food security by reducing poverty. 

2.3. Agricultural production and food security 

In developing nations, agricultural production can be crucial in alleviating poverty and food insecurity [47]. Higher agricultural 
production indicates higher food availability, making the food supply sustainable. According to the findings of Mozumdar [22], 
developing countries practice a positive correlation between agricultural production, poverty reduction, and food security. Identically, 
Darfour and Rosentrater [48] estimated that agricultural production is the principal element of reducing poverty as the earnings of 
individuals play a vital contribution in eliminating food insecurity. Mughal and Sers [49] detected a positive connection between 
cereal production and food security. Higher agricultural output as cereal production increases availability and ensures easy excess of 
poor individuals by reducing cereal prices. Similarly, Abdelhedi and Zouari [50] also depicted a favorable effect of agricultural 
production on food security. This paper outlines the following hypothesis based on prior research findings: 

H1. A higher level of agriculture trade openness reduces the food security status. 

H2. A higher tariff rate reduces the intensity of food security. 

H3. Employment in agriculture positively affects food security. 

H4. An increase in agricultural production increases the level of food security. 

3. Conceptual framework of this study 

Previous literature does not contain any formal theory that shows the linkage among agricultural trade openness, tariff, 
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employment, and production in agriculture, all along with food security. This paper led to examining past thought as we wonder how 
other experts had addressed related issues of conceptual variety and attempted to establish a theoretical framework on this basis, as 
shown in Fig. 1. 

Theoretically, agricultural trade openness is embodied in agricultural exports and agricultural imports. These two components 
illustrate two types of effects on food security. Basically, small-scale farmers in developing nations primarily account for a large portion 
of the world’s hungry and malnourished people. Under this scenario, according to previous literature [51,52], importing agricultural 
products results in an excessive supply of food products in the domestic market, lowering the food price. Such a reduction in price 
causes a fall in the profit margin of domestic food producers or farmers who rely mainly on revenue from market surplus for nutrition 
intake. That is, agricultural import harms food security and is also supported by Mary [42]. On the other hand, agricultural exports 
show the opposite outcome because exporters enjoy their comparative advantage. Increased export of food products increases income 
and enhances the ability to buy food [42,53]. Correspondently, tariff raises imported food product prices and yields food price inflation 
that impedes the lower income group’s nutrition attainment, and this negative hypothesis is supported by several authors [12,13,43, 
54]. 

However, a lower employment rate in the agricultural sector yields lower production and reduces the income level of mostly poor 
food producers. Such a relationship is shown by Suman and Adhikari [44] via agricultural labor migration toward off-farm jobs. Even if 
it increases the income level to have adequate dietary intake, in the long run, it hurts food security. Some other studies also support this 
complex conjecture of employment in agriculture and food security [55,56]. Several research pointed out that higher agricultural 
production increases the compatibility of food products and marks up the earning level of food producers to attain the required 
nutrition intake [22,48,49]. 

These conjectures from previous literature manifest the wholesome effect on food security that agricultural export and import show 
positive and negative impacts, respectively; tariff implies an adverse influence on food security, and agricultural employment and 
production exhibit a positive connection with food security. 

4. Data 

This study uses a panel data set of South Asian countries over the 2000–2019 period to prove the linkage between food security and 
agricultural trade openness, tariff, employment, and production in agriculture. Since there is a paucity of information on Maldives and 
Bhutan, this study focuses solely on six of the eight individual nations that make up South Asia. The six countries whose economies 
have been highlighted are Bangladesh, Afghanistan, India, Nepal, Pakistan, and Sri Lanka. Considering the four indicators of food 
security, including availability, access, stability, and utilization, this study employs dietary energy supply as the indicator of food 
security. Dietary energy supply is computed by comparing the minimum dietary energy intake with the probability of daily habitual 
dietary energy consumption, and data on this variable comes from FAOSTAT. However, the measurement of agricultural trade 
openness is built by following Zhao and Liu [32] by adding the agricultural export and import trade openness. The calculation pro
cedure is as follows: 

AGEX opennesst =
nEX2

it

AGGDPit
∑n

j=1
EXjt  

Fig. 1. Theoretical framework (Source: Genuine configuration of the author.). Note: X1 = agricultural trade openness; X11 = agricultural import; 
X12 = agricultural export; X2 = tariff; X3 = employment in agriculture; X4 = agricultural production. 
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AGIM opennesst =
nIM2

it

AGGDPit
∑n

j=1
IMjt  

AG opennesst =
EXit

EXit + IMit
AGEX opennesst +

IMit

EXit + IMit
AGIM opennesst  

Here, AGEX openness: agricultural export trade openness; AGIM openness: agricultural import trade openness; and AG openness: agri
cultural trade openness. AGGDP: agricultural value added (constant 2015 US$). The agricultural export and import data of all sorts of 
crops, along with livestock products and the agricultural value added (constant 2015 US$), are collected from FAOSTAT. The data of 
tariff is the import duty. The author used the ad-valorem tariff rate, and this data set has been collected from World Development 
Indicators (WDI). Table 1 presents the variables, unit, sources, and their effects. 

Following Fig. 2, all the countries under investigation continue increasing trends for food security, where the food security level is 
relatively flatter for Bangladesh, India, and Pakistan. Nepal and Sri Lanka clearly show rapid improvement in attaining dietary energy. 
Among all of these, the food security status of Afghanistan is significantly lower, though it is improving rapidly. The panel of observing 
countries has positive trends for food security. Moreover, Tables 2 and 3 report the model’s descriptive statistics and correlation 
matrix. 

5. Methodology 

To identify and answer the questions of this paper, firstly, cross-sectional dependency has been employed to decide whether first or 
second-generation panel unit root tests would be considered. The study performed a unit root test to verify the stationary in the second 
step. In the third step, a co-integration test is employed to check whether there is a correlation between the series. In the following 
phase, we used fully modified ordinary least squares (FMOLS) and dynamic ordinary least squares (DOLS) to examine the effects of 
several factors on food security. The final step included the Causality test to investigate the causal connections among the variables. 

5.1. Cross-sectional dependency test 

Panel data sets tend to show significant cross-sectional reliance, which may develop when nations in the same region share similar 
shocks and unobserved components. So, controlling potential cross-sectional dependency across panel members is crucial. Pesaran 
[57] accentuated the significance of checking for cross-sectional reliance in a panel study. In addition, Pesaran [57] revealed that 
ignorance of cross-sectional dependency in estimations may result in significant bias and size distortions. Therefore, this study in
vestigates the issue of cross-sectional dependency by utilizing frequently used tests of Breusch–Pagan [58] LM, Pesaran [57] scaled LM, 
bias-correlated scaled LM and Pesaran [59] CD tests. The null hypothesis CD test is that there is no cross-sectional dependency. 

5.2. Panel unit root test 

According to Kilic [60], the unit root test can be implemented after addressing the issue of cross-sectional dependency to identify 
the presence of unbiased estimations. Whether there exists a potential correlation between panel unit residuals or not, there are two 
generations of unit root tests [61]. The first-generation one does not take into account the issue of cross-sectional dependency, but the 
second-generation analyzes it. Among several unit root tests based on cross-sectional dependency assumption, this study considers 
second-generational panel unit root tests as the Cross-Sectional Augmented Dickey-Fuller (CADF) test. 

5.3. Panel cointegration test 

After performing the panel unit root test, the next stage is determining whether a long-term relationship exists between the var
iables. The Pedroni [64] cointegration method, a residual-based test that allows for significant heterogeneity, is used in this study to 
investigate the existence of a long-run link rather than several other likelihood-based and residual-based tests. The stationarity of 
residuals refers to the fact that there exists a long-term relationship between the variables. The null hypothesis served by Pedroni is the 

Table 1 
Descriptions of the variables.  

Variables Signifier Unit Sources 

Dietary energy supply LnFS kcal/cap/day FAOSTAT 
Agricultural trade openness AgTO % FAOSTAT 
Tariff TA % WDI 
Employment in agriculture EAg % WB 
Agriculture production AgP Kg per hectare WDI 

“Note: FAOSTAT: Food and Agriculture Organization Corporate Statistical Database; WB: World Bank; WDI: World Development 
Indicators.” 
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absence of cointegration. The variables are considered to be cointegrated if the panel rejects the null hypothesis. Pedroni uses the 
following regression equation (1): 

yit = αi + δi + β1ix1it + β2ix2it + … + βMixMit + ei (1) 

The residual cointegration test of Pedroni suggested seven distinct statistics with differing degrees of properties, which are split into 
two different groups: between-dimension and within-dimension. The first consists of panel v-statistic, panel ρ-statistic, panel PP- 
statistic, and panel ADF statistics named four tests and three tests from the second category group statistic, group PP, and group 
ADF. The cointegration test developed by Kao [62] is also used in this work to assess robustness. Ordinary Least Square (OLS) can be 
employed if the chosen variables are not cointegrated; however, when there is a cointegration relationship, OLS yields contradictory 
findings. Hence, DOLS and FMOLS are used in the analysis to get long-run estimations [63]. 

Fig. 2. Food security trends in the selected countries.  

Table 2 
Descriptive statistics.  

Variables Mean Std. Dev. Min Max 

LnFS 3.3805 0.0412 3.2457 3.4631 
AgTO 0.0000108 0.0000103 2.20 0.0000506 
TA 12.6385 5.4724 − 0.74 33.4 
EAg 49.4150 12.6084 25.3 73.2 
AgP 2907.8630 857.0005 806.3 4810.8  

Table 3 
Correlation matrix.  

Variables LnFS AgTO TA EAg AgP 

LnFS 1.0000     
AgTO 0.2006 1.0000    
TA 0.1567 − 0.2209 1.0000   
EAg − 0.2572 − 0.4394 0.2056 1.0000  
AgP 0.6050 0.4813 0.0909 − 0.5592 1.0000  
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5.4. FMOLS and DOLS test 

The affirmed cointegration evidence allows estimating the long-run coefficient of variables by utilizing fully modified OLS (FMOLS) 
and dynamic OLS (DOLS), as the long-run estimation of OLS in a cointegrated panel may yield inefficient and inconsistent parameters. 
The first approach used in this work is FMOLS, which was initially employed by Phillips and Hansen in 1990 to find the unbiased 
estimators of cointegrating regressions. Then, Pedroni designed an FMOLS regression model for long-run estimation [64]. FMOLS is a 
residual-based non-parametric test that produces efficient outcomes for cointegrated variables. This approach aims to upgrade ordi
nary least squares (OLS) by removing the endogeneity bias and serial correlation issues that the original OLS cannot solve [65,66]. The 
FMOLS estimation procedure is as follows in equation (2): 

β̂
∗

NT − β=

(
∑N

i=1
L̂
− 2
22i

∑T

t=1
(Xit − Xi)

2

)− 1
∑N

i=1
L̂
− 1
11i L̂

− 1
22i

(
∑T

t=1
(Xit − Xi)μ∗

it − Tγ̂i

)

(2) 

Here, L̂i is the lower triangular decomposition of a consistent estimator of the idiosyncratic asymptotic covariance matrix; γ̂ i in

dicates the serial correlation adjustment parameter; the estimator β̂
∗

NT converges to the true value at a rate 
̅̅̅
T
N

√

and is distributed as 
̅̅̅
T
N

√ (
β̂
∗

NT − β
)
→N(0,v), where v = 2 and 6 else if xi = yi = 0 under the null as T, N →∞. 

Next, Dynamic OLS (DOLS), an alternative estimation approach, is used as the second analysis of this paper. A panel counterpart of 
single time series is called DOLS, a parametric method introduced by Saikkonen and later Stock and Watson [67,68]. The vital merit of 
the DOLS technique is that it additionally clarifies the existence of a combination that permits the integration of the relevant variables 
in the cointegrated structure [65]. The differentiable regressor leads and lags are used in DOLS to get rid of endogeneity and serial 
correlation issues. In addition, minor sample errors are also addressed by it [63]. Compared to FMOLS, DOLS yields superior results 
besides eliminating the potential consequence of endogeneity and the problem of serial correlation [69]. The DOLS estimation pro
cedure is as follows in equation (3): 

Yt = β0 + β
→X+

∑p

j=− q
d
→

jΔXt− j + μt (3)  

Where X is the explanatory variable matrix; Yt indicates dependent variable; β
→ refers to the cointegrating vector, p is the length of lag; 

q refers to lead length. 

5.5. Dumitrescu and Hurlin test 

In the presence of cointegration among variables, the next step of this study is to detect the causality direction between the var
iables. The panel causality test was developed by Dumitrescu and Hurlin [35]. The two statistics used for this test are Z-statistics and 
W-statistics. While W-statistics take into account the average statistic, the Z-statistics show the normal distribution and the latter one is 
considered as the mean of test statistics. The bivariate application’s two tests also show three potential outcomes such as unidirec
tional, bidirectional, or no causal relationship between the variables. The null hypothesis in this approach is that no cross-sectional 
evidence of causality exists between the variables. 

6. Results and discussion 

6.1. Cross-sectional dependence check 

In the case of the exact regional panel estimation, one country’s shock may have an impact on the other countries. Therefore, it is 
crucial to examine cross-sectional dependence (CSD) prior to the determination of whether the variables are stationary or not [70]. 
This study employs four different tests of Breusch–Pagan LM (BP-LM), Pesaran scaled LM (PS-LM), Bias-correlated scaled LM 
(BCS-LM), and Pesaran CD (P-CD) tests, and the outcomes are reported in Table 4. The findings confirm that the study’s variables are 
cross-sectional dependent. 

Table 4 
Findings of CSD test.  

CSD test Variables 

LnFS AgTO TA EAg AgP 

BP-LM 2611.362*** 113.191*** 125.31*** 229.023*** 165.436*** 
PS-LM 44.979*** 17.927*** 20.141*** 39.075*** 27.466*** 
BCS-LM 44.821*** 17.769*** 19.983*** 38.917*** 27.308*** 
P-CD 16.138*** 9.449*** 0.847 15.005*** 12.460*** 

Note: Null hypothesis of no cross-sectional dependency is rejected for all the variables at a 1 % (***) significance level. 
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6.2. Panel unit root test 

However, it is required to operate a panel unit root test that considers CSD. On account of the existence of the CSD problem, the 
second generational panel unit root test has been applied in this study. This study applies the CADF test, and the findings are reported 
in Table 5. The findings suggest that all the variables reject the null hypothesis of no stationarity at the level and first difference. 

6.3. Panel cointegration results 

Now, long-run cointegration or cross-sectional dependencies among the variables have been tackled by means of the Pedroni 
residual-based cointegration test, and the outcomes are displayed in Table 6. First, concerning the within-dimension, we find that the 
four statistics falling under PP and ADF statistics refute the null hypothesis of no standard autoregressive coefficients at the 1 % 
significance level. To put it differently, four of the eight statistics highlight a cointegration link between the factors. In contrast, the 
group PP and ADF statistics in the between-dimension conclusions are statistically significant at the 1 % level and support the 
alternative hypothesis. In other words, 6 out of the 11 statistical assessments adopt the alternative hypothesis that long-run cointe
gration does exist among the variables and denies the null. 

To cross-check the validity of the Pedroni residual cointegration test, this study employs the Kao residual cointegration test, shown 
in Table 7. It also accepts the alternative hypothesis and supports the existence of the long-run dependency of the variables. Thus, these 
tables clearly show that the Pedroni and Kao cointegration test results are consistent. 

6.4. FMOLS and DOLS findings 

As a result of the co-integration results, we can identify the long-run coefficients of the variables under investigation. After 
discovering the presence of a long-run correlation, the study applies the FMOLS and DOLS models to inquire into the connections 
between the explained and explanatory variables. 

The results of FMOLS and DOLS are presented in Table 8. There is no inconsistency in the results, with the single exception of tariff. 
Table 8 points out that there is an opposite relationship between agricultural trade openness and food security. To be more specific, a 
rise in agricultural trade openness by 1 % may decrease food security by reducing the daily caloric intake of a person’s diet by 7979 
kcal. That is to say, the outbreak of undernourishment intensifies along with growing agricultural trade openness as all nations in the 
South Asian region are import-based, and as a result, imports weigh more than exports. This conclusion is in line with the results of 
other previous research findings [16,42,71,72] while contradicting previous studies [1,40,73,74]. The reverse relationship is noted in 
this study because people in investigated locations may not benefit significantly from the food trade, possibly due to a deficient 
communication network between cities and rural regions as well as other market weaknesses. Consequently, a considerable portion of 
the economic benefits derived from metropolitan trade become stagnant [42]. In addition, the growing reliance on traded goods to 
procure food would lead to a hike in the mean price of food and thereby make it harder for those with fewer options to safeguard their 
food security [51]. In a similar vein, it is plausible that the advantages of trade do not effectively trickle down to farmers and other 
producers in developing countries like South Asian nations, but instead, middlemen along the food supply chain disproportionately 
capture most of the margins [75]. 

In FMOLS estimation, the long-run effect of tariffs indicates a negative relationship with food security, and the coefficient is 0.253, 
which is also significant at 1 % and means that a 1 % rise in overall tariffs will reduce food security by 0.253 %, or that dietary energy 
intake may decrease by 0.253 kcal. Because of a connection between tariff protection and lower household consumption in developing 
nations due to higher food prices, tariffs threaten global food security. As most of these countries rely on importing food products, 
increasing tariff rates results in food price inflation. This negative impact of the tariff on food security is in track with the findings of 
Montolalu and Fusco [13,54]. However, the DOLS estimation of this study reveals a positive relation, which is significant at a 1 % level. 
It might be because South Asian nations are highly food import-reliant countries; they must import food products to maintain basic 
food needs even if the tariff rate is high. Moreover, the other consequence of higher tariffs is that it stimulates domestic food production 
and enriches the domestic food supply chain, improving food security. 

Additionally, the long-run outcome of the FMOLS model exhibits that employment in agriculture and food security are positively 
correlated. A 1 % increase in agricultural employment can raise food security by providing 0.117 kcal daily. The DOLS estimation also 
shows a similar correlation. An increase in agricultural employment yields higher food production, which would be sufficient to attain 

Table 5 
Results of CADF unit root test.  

Variable Level First difference Stationary 

LnFS − 1.244c* − 2.275 c*** I(0) & I(1) 
AgTO 2.045c 1.749b*** I(1) 
TA 1.737c − 1.432a** I(1) 
EAg − 1.268c* − 1.359b** I(0) & I(1) 
AgP 0.272c − 4.185b*** I(1) 

Notes: 1 %, 5 % and 10 % levels of significance are alluded to ***, ** and * correspondingly. The chosen lag for a = 0, b = 1, 
and c = 2. I (0) and I (1) represent the level and first difference. 
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Table 6 
Results of Pedroni residual cointegration test.  

Null hypothesis: no common auto-regressive coefficients (within-dimension)  

Statistics Prob. Weighted statistics Prob. 

Panel v-statistics 0.7521 0.2260 0.7585 0.2241 
Panel rho-statistics 0.6463 0.7409 0.1906 0.5756 
Panel PP-statistics − 1.9459*** 0.0258 − 2.3237*** 0.0101 
Panel ADF-statistics − 3.1124*** 0.0009 − 3.4173*** 0.0003  

Null hypothesis: no individual auto-regressive coefficients (between-dimension)  

Statistics P-value 

Group rho-statistics 1.1727 0.8795 
Group PP-statistics 0.646*** 0.0075 
Group ADF-statistics − 1.946*** 0.0003 

Notes: 1 %, 5 %, and 10 % levels of significance are displayed by ***, **, and *, correspondingly. 

Table 7 
Findings of the Kao residual cointegration test.   

t-statistic P-value 

ADF − 2.589*** 0.0048 
Residual variance 1.81E-05  
HAC variance 4.23E-05  

Notes: 1 %, 5 %, and 10 % levels of significance are displayed by ***, **, and *, 
correspondingly. 

Table 8 
Estimated results of FMOLS and DOLS testing.  

Variable FMOLS DOLS 

Coeff. P-value Coeff. P-value 

AgTO − 7978.97*** 0.0128 − 38734.15*** 0.0000 
TA − 0.253369*** 0.0000 0.050272*** 0.0000 
EAg 0.116624*** 0.0000 0.012747*** 0.0000 
AgP 0.000452*** 0.0000 0.000726*** 0.0000 

Notes: 1 %, 5 %, and 10 % levels of significance are displayed by ***, **, and * respectively. 

Table 9 
Findings of Dumitrescu and Hurlin panel causality tests.  

Null Hypothesis Wbar-statistic Zbar-statistic P-value 

AgTO →  LnFS 3.535 3.215*** 0.0013 
LnFS →  AgTO 4.029 3.881*** 0.0001 
EAg →  LnFS 4.47633 4.519*** 6.E− 06 
LnFS →  EAg 7.325 8.381*** 0.0000 
EAg →  AgTO 2.622 1.986*** 0.0470 
AgTO →  EAg 3.174 2.728*** 0.0064 
AgP →  LnFS 0.889 − 0.343 0.731 
LnFS →  AgP 6.749 7.599*** 3.E− 14 
TA →  LnFS 11.202 13.636*** 0.0000 
LnFS →  TA 2.049 1.228 0.2196 
EAg →  AgP 6.895 7.797*** 6.E− 15 
AgP →  EAg 0.804 − 0.459 0.6464 
TA →  AgP 6.481 7.237*** 5.E− 13 
AgP →  TA 1.147 0.006 0.9951 
TA →  AgTO 1.607 0.619 0.5356 
AgTO →  TA 2.473 1.785** 0.0743 
AgP →  AgTO 2.279 1.523 0.1276 
AgTO →  AgP 2.009 1.161 0.2456 
TA →  EAg 1.972 1.123 0.2613 
EAg →  TA 2.026 1.197 0.2313 

Notes: 1 %, 5 %, and 10 % levels of significance are displayed by ***, **, and *, respectively. 

L. Fan et al.                                                                                                                                                                                                             



Heliyon 10 (2024) e33522

10

daily food requirements. Additionally, there is a robust connection between agricultural productivity and poverty reduction, which 
aids in regional food security [76]. As a result of greater economic security, better urban agriculture employment also ensures suf
ficient calorie intake [46]. 

The coefficient of the variable representing agricultural production shows a significant positive effect on food security; that is, it 
would eliminate the problem of food insecurity. This finding highlighted a 1 unit rise in agricultural production; per hectare, a 1 kg 
cereal yield increase may enhance food security by raising dietary energy consumption by 0.00045 kcal per day. It could happen as a 
result of the direct association between agricultural productivity and dietary consumption. More outstanding agricultural production 
frequently leads to higher food production and supply efficiency, which benefits household food supply by boosting availability, 
accessibility, and stability. In other words, higher agricultural production closes the yield gap and improves the level of food security. 
The DOLS estimation also supports such a positive correlation in this case. This positive interaction of agricultural production and food 
security in this study is supported by previous research [1,8,13,23]. 

6.5. Dumitrescu and Hurlin test 

Additionally, for the identification of causal association among the investigating variables, the Dumitrescu and Hurlin panel 
causality test was applied, and it confirmed the presence of heterogeneity throughout all cross-sections. Results of the panel pairwise 
Dumitrescu Hurlin panel causality test using panel data are shown in Table 9. These results demonstrate that agricultural trade 
openness causes food security, and food security causes agricultural trade openness. This implies that a greater degree of agricultural 
trade openness would increase food security, which would increase the degree of agricultural trade openness. Thus, agricultural trade 
openness and food security exert bidirectional causality. Similarly, the causality between employment in agriculture and food security 
is bidirectional. Hence, both variables are caused by each other, as in the employment in agriculture and agricultural trade openness 
case. 

Nevertheless, in the case of food security and agricultural production, the causality is unidirectional because agricultural pro
duction does not cause food security, but food security causes agricultural production. Furthermore, the causal association between 
tariffs and food security is unidirectional. Tariff causes food security but not the opposite way around, as the null hypothesis is 
accepted. Likewise, employment in agriculture and agricultural production and tariff, either with agricultural production or trade 
openness, implies unidirectional causality. On the contrary, there is no causal association between agricultural production and 
agricultural trade openness and tariff and employment in agriculture. In other words, agricultural production and trade openness do 
not share any impact on each other, and the tariff rate and employment in agriculture as well. 

7. Conclusions and policy suggestions 

In the developing world, especially in the South Asian states, food insecurity has become one of the major concerns in recent years. 
To abolish all types of malnutrition and starvation by 2030, the SDG goals have been adopted in 2015. International food trade 
openness has often been considered the pathway to end this issue. In this prospect, the present study examined the effect of agricultural 
trade openness on food security with a panel data set of 2000–2019 for South Asian countries, namely Bangladesh, Afghanistan, India, 
Nepal, Pakistan, and Sri Lanka. This study is the first quantitative study that estimates the impact of agricultural trade openness along 
with some other factors such as agricultural production and employment, and tariffs on the availability indicator of food security in the 
South Asian region via employing FMOLS and DOLS estimation to eliminate the potential endogeneity bias and serial correlation issues 
of explanatory variables. 

To begin with, this statistical conclusion reveals a negative link between agricultural trade openness and food security. It implies 
that agricultural trade openness, on average, reduces the level of food security. As a result, this led to a decision that the negative 
effects of imports overshadow the beneficial outcomes of exports for the South Asian states owing to their heavy reliance on food 
imports. Second, food insecurity is exacerbated by tariff barriers due to domestic price inflation. After that, having a job in agriculture 
in South Asian countries boosts income and, consequently, the ability to afford food. Lastly, given that production is the single most 
crucial factor in determining a country’s level of food security, an increase in agricultural production ensures adequate levels of 
nutrition intake by boosting the supply of food. 

According to the empirical results of this estimation, the following policies can be developed to promote the food security status of 
investigated regions: South Asian countries might benefit by pursuing food self-subsistence policies and emphasizing the efficiency of 
local production even if such initiatives conflict with World Trade Organization (WTO) agenda. Taking comparative advantage into 
account, representative nations should enhance their agricultural exports more than they import. Furthermore, even though the tariff 
rate is much lower among South Asian countries after the establishment of SAFTA, they still cannot reach the zero-tariff policy 
implemented by SAFTA. Therefore, to smoothen agricultural trade, regional trade policies should be re-designed with a due focus on 
tariff rates. Besides, the free trade agreement should also be established with the other trading partner countries to uplift the free flow 
of goods between the South Asian countries and other global trading partners. Finally, each country’s government should provide 
sufficient incentives to increase the employment rate in the agricultural sector to raise agricultural production. It should implement 
domestic agriculture-supportive policies, particularly when it comes to farm inputs, research, and development of new agricultural 
technologies. 

Lastly, the article admits its limits and encourages more research using additional factors that may affect food security in South 
Asia. These additional elements include government proficiency, institutional effectiveness, regulatory quality, and natural disasters. 
Furthermore, the inclusion of all the South Asian nations in the analysis was constrained by the restricted availability of accessible 
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data. In the near future, specialists may apply a variety of time series and dynamic panel statistical techniques, taking into account the 
most recent data, to evaluate the depth to which food security exists in South Asia. 
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