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Abstract

Food security remains one of the world's most
pressing challenges, shaped by the complex
interplay of population growth, limited
resources, and a changing climate. This study
analyzes the combined impact of economic,
demographic, and environmental factors on food
security. Using a Nonlinear Autoregressive
Distributed Lag (NARDL) model, we
specifically examine how positive and negative
changes in these factors create asymmetric
effects over time. We argue that these
dimensions are deeply interconnected, and their
combined effects must be addressed together.
Our findings indicate that food insecurity is a
universal threat. It not only impacts the most
vulnerable and impoverished communities but
also poses a significant risk to newly emerging
economies. The analysis confirms that these
factors influence food security in an uneven
manner, meaning that positive and negative
shocks have different impacts. Addressing this
urgent issue requires swift and coordinated
policy interventions from both international and
national policymakers.
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Resumo

A seguranca alimentar continua sendo um dos
desafios mais urgentes do mundo, moldada pela
complexa interacdo entre o0 crescimento
populacional, os recursos limitados e as
mudancas climaticas. Este estudo analisa o
impacto combinado de fatores econdmicos,
demogréficos e ambientais sobre a seguranca
alimentar. Utilizando um modelo autoregressivo
néo linear com defasagem distribuida (NARDL),
examinamos especificamente como as variagdes
positivas e negativas desses fatores geram
efeitos assimétricos ao longo do tempo.
Defendemos que essas dimensfes estdo
profundamente interligadas e que seus efeitos
combinados devem ser abordados de forma
integrada. Nossas conclusfes indicam que a
inseguranca alimentar é uma ameaca universal.
Ela ndo apenas afeta as comunidades mais
vulneraveis e empobrecidas, mas também
representa um risco significativo para as
economias emergentes. A andlise confirma que
esses fatores influenciam a seguranca alimentar
de maneira desigual, o que significa que
choques positivos e negativos tém impactos
diferentes. Abordar essa questdo urgente requer
intervencdes politicas rapidas e coordenadas
por parte dos formuladores de politicas, tanto no
ambito internacional quanto nacional.

Palavra-chave: Risco Geopolitico. Indice de
Producdo Agricola. Emissdo de CO:. Energia.
Modelo NARDL.
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1 INTRODUCTION

Agricultural development and its long-term sustainability have been established
as fundamental pillars of global food security in the 21st century, rendering it a paramount
concern for both national governments and the international community . Concurrently,
research in climate science has substantiated the role of anthropogenic pollution in
exacerbating extreme meteorological events, including heatwaves, severe droughts,
torrential rainfall, and tropical cyclones. These environmental disruptions coincide with
and are compounded by destabilizing fluctuations in global oil markets (Ferreira et al.,
2023). Furthermore, the accelerating depletion of natural resources, including essential
commodities such as fossil fuels, minerals, and freshwater, has intensified geopolitical
tensions. Access to these resources is increasingly recognized as a strategic imperative,
inextricably linked to economic stability, national security, and the sustenance of human
livelihoods.

The Middle East and North Africa (MENA) region presents a critical case study.
Despite its industrial sector contributing a relatively modest share to GDP compared to
regions like East Asia, it remains highly vulnerable to the interdependencies of economic
activity, environmental stress, and geopolitical instability. The region's acute resource
scarcity, water stress, and exposure to climatic extremes create a distinctive and
precarious landscape. Here, the pursuit of a green transition demands a careful strategic
recalibration, where environmental ambitions must be continuously balanced against the
foundational imperative of food security.

Pursuing economic growth while mitigating its detrimental externalities on the
environment including climate change, carbon emissions, biodiversity loss, and resource
depletion is an imperative. This objective is encapsulated in the strategy of green
economic growth, which prioritizes decarbonization and the adoption of clean
technologies to enhance agricultural productivity and, by extension, food security.
Government policies aimed at fostering this green transition are therefore critical, as they
can directly and indirectly influence environmental quality, albeit within the critical
constraints of maintaining food and nutritional security. This is particularly salient given
the recent acceleration of industrialization, which has been a significant contributor to

escalating global environmental challenges. The context of the Middle East and North
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Africa (MENA) region is especially telling; here, the industrial sector's contribution to
gross domestic product (GDP) remains modest, particularly when contrasted with shares
of 25% in South Asia and 34% in East Asia. Notwithstanding this comparatively limited
industrial base, the region is not insulated from the complex interdependencies between
economic activity, environmental stress, and geopolitical stability previously discussed.
On the contrary, the region's specific vulnerabilities including acute resource scarcity,
water stress, and high exposure to climatic extremes create a distinctive and precarious
landscape. Within this context, the pursuit of a green economic transition necessitates a
careful strategic recalibration, demanding that ambitions for decarbonization and
environmental protection are continuously balanced against the foundational and
immediate imperative of achieving food security.

This synthesis underscores that for the MENA region, navigating the path towards
sustainable development is a multifaceted challenge, where environmental goals and food
security are deeply and inextricably intertwined.

This comparatively limited industrial base in MENA, however, does not insulate
it from the complex interdependencies between economic activity, environmental stress,
and geopolitical stability previously discussed. The region's specific vulnerabilities,
including its acute resource scarcity and exposure to climatic extremes, create a
distinctive landscape where the pursuit of green growth must be carefully balanced
against its foundational role in achieving food security.

These challenges are amplified by a global context of geopolitical strife, which
generates profound economic reverberations. Supply-demand disruptions induce
pronounced volatility in energy prices, straining oil-importing nations while empowering
exporters. This recurrent volatility has laid bare the systemic fragility of global energy
architecture, compelling states to prioritize energy security through diversification,
alternative energy development, and infrastructure resilience. Consequently, navigating
the geopolitical dimensions of energy has become a strategic priority for ensuring socio-
economic stability.

The pursuit of economic advancement must be intrinsically coupled with the
mitigation of its adverse environmental externalities, including climate change, carbon
emissions, biodiversity loss, and resource depletion. This dual objective constitutes a

critical imperative, formally encapsulated in the paradigm of green economic growth.
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This strategy prioritizes decarbonization and the integration of clean technologies as a
means to simultaneously enhance agricultural productivity and, by extension, fortify
global food security. Consequently, public policy is instrumental in orchestrating this
transition, as governmental interventions designed to foster green growth can exert
significant direct and indirect influences on environmental quality. However, the efficacy
of such policies is bounded by the paramount constraint of safeguarding food and
nutritional security a challenge magnified by the ongoing acceleration of global

industrialization and its role in escalating environmental degradation.
2 LITERATURE REVIEW

These geopolitical disturbances have generated profound reverberations
throughout the global economy. Supply-demand disruptions within the oil sector have
been a primary source of pronounced volatility in crude oil prices. Nations reliant on oil
imports have faced significant economic strain, grappling with elevated energy costs that
have dampened industrial activity and eroded competitiveness. In contrast, hydrocarbon-
exporting states have accrued substantial economic and geopolitical advantages from
these price surges, enhancing their influence in international affairs.

The recurrence of such crises has laid bare the systemic vulnerability of global
energy architectures to geopolitical strife. This exposure has compelled states to prioritize
energy security strategies aimed at mitigating such risks. Key initiatives include the
diversification of energy suppliers, accelerated development of alternative energy
sources, and the reinforcement of critical infrastructure resilience. Consequently,
navigating the intricate geopolitical underpinnings of energy policy has become a
strategic imperative for nations endeavoring to ensure their long-term economic and
social stability.

Against this backdrop of critical externalities, this study empirically investigates
the short-run, long-run, and instantaneous asymmetric effects of geopolitical risk,
inflation, and energy prices on stock market dynamics. To capture these nonlinear
relationships, we employ the Nonlinear Autoregressive Distributed Lag (NARDL)
bounds testing approach developed by Shin et al. (2014).
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Against this backdrop of interconnected crises, this study employs the Nonlinear
Autoregressive Distributed Lag (NARDL) approach by Shin et al. (2014) to empirically
investigate the short-run, long-run, and instantaneous asymmetric effects of geopolitical
risk, inflation, and energy prices on stock market dynamics. Parallel to this financial
focus, the research examines the profound impact of the same variables on food security.
This dual inquiry is situated within a global era marked by significant realignment,
intensifying uncertainties, and direct threats to food systems (Ding et al., 2023),
underscoring the critical need to understand these nonlinear relationships to inform
effective policy.

Environmental degradation and increasing resource scarcity, intrinsically linked
to anthropogenic climate change (Gosling and Arnell, 2016 ), are exerting mounting
pressure on global socio-economic systems. This dynamic has catalyzed intensified
competition for strategic resources, particularly food and energy, emerging as a
significant driver of conflict at both intra- and inter-state levels (Schilling et al., 2020;
Alboghdady and El-Hendawy, 2016). This competition for finite resources manifests in
heightened geopolitical tensions, territorial disputes over arable land and water reserves,
and can serve to exacerbate pre-existing social and political fragilities.

The growing scarcity of essential natural resources poses a direct and profound
threat to food security. It disrupts agricultural supply chains, diminishes crop yields
through water stress and extreme weather events, and contributes to volatile fluctuations
in the prices of staple commodities. This persistent food insecurity, in turn, acts as a
catalyst for geopolitical instability by undermining internal state cohesion and fostering
regional disputes over resource allocation (Nightingale, 2017).

Concurrently, climate change functions as a "threat multiplier,” generating
complex security challenges through the displacement of vulnerable populations. The
increasing frequency and severity of extreme weather events including prolonged
droughts, catastrophic flooding, and sea-level rise are rendering vast geographical areas
increasingly uninhabitable, forcing communities to migrate. These displacement flows,
whether internal or across borders, subsequently generate significant political friction
between nations. Key points of contention include border control policies, the
management of asylum seekers and refugee flows, and the equitable distribution of the

burdens associated with hosting displaced populations (Morelli et al., 2016; Brzoska and
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Frohlich, 2016). Consequently, environmental challenges are progressively being
translated into fundamental issues of national security and global governance, demanding
coordinated international policy responses.

climate change and resource scarcity, foster migration phenomena and aggravate
social tensions (Manning and Clayton, 2018). Social inequalities exacerbated by climate
change also contribute to geopolitical conflicts (Islam and Winkel, 2017). Vulnerable
communities, particularly affected by these changes, suffer from growing inequalities,
creating conditions conducive to unrest and conflict. As climate-induced resource scarcity
worsens, nations may find themselves competing for strategic resources (Klare, 2020). In
short, climate change intensifies security risks, economic challenges and the struggle for
resources, establishing complex links with geopolitical conflicts.

The contemporary global landscape is increasingly characterized by a dangerous
feedback loop between environmental stress and geopolitical instability, creating a self-
reinforcing cycle of conflict and scarcity. The escalating frequency and intensity of
geopolitical conflicts are fundamentally reshaping the international economic and
political order (Duan et al., 2022). These conflicts transmit profound shocks through the
global system, triggering extreme volatility across currency, equity, and commodity
markets most critically oil while simultaneously destabilizing the macroeconomic
foundations of numerous states. As major power disputes, exemplified by the Ukrainian
crisis, converge with other transnational challenges such as pandemic-related disruptions,
they expose and exacerbate systemic vulnerabilities within global supply chains,
portending a future of heightened uncertainty regarding resource security.

Critically, these geopolitical upheavals do not occur in a vacuum, they are
intrinsically linked to the underlying pressures of environmental degradation. As
previously established, climate-induced resource scarcity catalyzes competition and
conflict (Young, K ,Schilling et al., 2020), which in turn disrupts the economic and
political systems essential for managing environmental challenges. This creates a vicious
cycle: geopolitical tensions spawned by resource competition further impede the
international cooperation and investment required for climate adaptation and sustainable
resource management. Consequently, the destabilizing effects of conflicts on commodity
markets and macroeconomics directly amplify the food insecurity and displacement

drivers outlined previously, while the resulting instability makes coordinated

Veredas do Direito, v.23, €237993 — 2026 —



Beyrem Nihel & Abderrazak Dhaoui

environmental action even more difficult to achieve. It is this complex, recursive
relationship between ecological crisis and geopolitical conflict that necessitates the
intensified scholarly scrutiny observed in recent years, as understanding these dynamics
becomes paramount for devising effective governance and policy responses to an
increasingly insecure world.

Geopolitical Risk (GPR) encompasses the threats and actions originating from one
or more states that adversely affect international relations, with profound consequences
for global economic stability and national economies (Xie et al., 2022; Caldara and
lacoviello, 2022).

As conceptualized by Engle and Campos-Martins (2020), these risks are
multifaceted, arising from a complex interplay of endogenous domestic factors and
exogenous international dynamics.

Seminal research by Caldara and lacoviello (2022) provides a robust empirical
framework for analyzing these risks, demonstrating that GPR when measured through
their dedicated index significantly influences the strategic decisions of multinational
corporations (MNCs), particularly concerning foreign investment and market operations.
Their methodology further dissects GPR into two constituent components: "geopolitical
threats” (the risk of adverse events materializing) and "geopolitical acts" (the realization
of those events). Notably, their findings indicate that the Threat Index often serves as a
more potent leading indicator of economic contraction, as it captures the anticipatory
uncertainty that leads to deferred investment and disrupted trade.

This conceptualization of GPR is not isolated from the environmental-security
nexus previously discussed. Rather, the "threats" and "acts" identified by Caldara and
lacoviello are increasingly fueled by the very pressures of environmental degradation and
resource scarcity. Competition over dwindling water reserves or arable land, for instance,
constitutes a potent geopolitical threat, which can readily escalate into a geopolitical
act such as trade restrictions or open conflict. Therefore, the GPR that dampens global
investment and macroeconomic stability is, in significant part, a manifestation of the
intensifying struggle for environmental resources, creating a feedback loop where
ecological stress begets geopolitical turmoil, which in turn exacerbates economic and

food insecurity.
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Empirical analysis by Caldara and lacoviello (2022) quantified a historic peak in
global geopolitical instability, with their Geopolitical Risk (GPR) Index reaching an
unprecedented 539.58 in March 2022. This level, the highest recorded since the crises of
the early 2000s, underscores the severity of the contemporary geopolitical climate. Their
research establishes that such surges in the GPR index are historically concurrent with
major geopolitical ruptures, including world wars, the Cuban Missile Crisis, and the 9/11
attacks. Crucially, these periods of elevated risk are systematically correlated with
adverse macroeconomic outcomes, notably suppressed investment, reduced employment,
and significant economic contraction.

At the microeconomic level, the transmission of this risk is clearly observable in
corporate decision-making. The analysis reveals that Multinational Corporations (MNCs)
operating in sectors with high exposure to geopolitical volatility respond by
systematically scaling back their capital expenditure. This establishes a direct, inverse
relationship where heightened firm-level geopolitical risk precipitates diminished firm-
level investment.

This phenomenon extends beyond individual firms to impair the broader
economic ecosystem. Supporting data from the Bank of Russia (2022) corroborates that
elevated geopolitical risk, particularly when concurrent with other global shocks such as
the pandemic, precipitates a marked deterioration in the overall business climate. Key
economic indicators consistently fall below long-term trends, highlighting the pervasive
and detrimental impact of geopolitical instability on the foundational conditions for
business activity.

The mechanisms through which geopolitical risk permeates the global economy
are multifaceted. Recent scholarly focus has turned to its propagation through critical
channels, with evidence indicating particularly pronounced effects on international
commodity prices and the intricate dynamics of global supply chains.

Empirical research by Omri, E and Saddaoui (2022) establishes geopolitical risk
as a significant determinant of food price volatility, demonstrating its role as both a
precursor and an amplifier of supply chain disruptions. Their longitudinal analysis,
encompassing pivotal events including Brexit, the COVID-19 pandemic, and the Ukraine
conflict, confirms the systematic influence of geopolitical tensions on agricultural market

stability.
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Further substantiating this, Lam-Gonzélez et al (2022) contextualize the severity
of the Ukrainian crisis, identifying it among the most consequential geopolitical risk
events since the turn of the 20th century. Through an econometric framework, their study
projects a potential reduction in global economic growth ranging from 0.1 to 0.7
percentage points, predominantly driven by the "threat" dimension of geopolitical risk
rather than realized actions. Their temporal analysis further reveals that the most
pronounced adverse effects on global growth typically manifest within the initial two
quarters following a major geopolitical shock, with residual impacts potentially persisting
for up to a full year.

The transmission mechanism operates substantially through supply chain
vulnerabilities. Geopolitical instability frequently triggers supply chain shocks that
propagate price pressures and constrain productive capacity. Given the strategic position
of Russia and Ukraine as global suppliers of critical commodities including titanium,
palladium, wheat, and corn downstream industries face significant disruption. As
projected by Liadze et al. (2022), core manufacturing sectors such as automotive,
electronics, and aerospace are particularly vulnerable to intensified supply chain
constraints arising from these commodity shortages.

Furthermore, the comprehensive sanctions regime imposed on Russia is projected
to significantly disrupt its import capacity, particularly for high-technology goods from
Western nations. This may compel a strategic reorientation of Russian trade towards
alternative suppliers in non-sanctioning countries. For instance, export controls targeting
semiconductors and other critical components are anticipated to have profound,
economy-wide ramifications, constraining industrial production and technological
advancement.

Consequently, while the immediate contagion effects of geopolitical risks are
most visible in commodity price volatility and supply chain dislocations, their long-term
implications are potentially more structural. These events are catalyzing a fundamental
recalibration of global economic interdependencies, which may redefine international
trade and alliance structures for years to come.

In a parallel and often interconnected dynamic, greenhouse gas emissions from
global economic activity continue to elevate atmospheric CO: concentrations, thereby

intensifying systemic vulnerability to climate change (Kaplan & Ramanna, 2021).

_ Veredas do Direito, v.23, 237993 — 2026




GEOPOLITICAL RISK, ENVIRONMENTAL DEGRADATION, AND ENERGY TRANSITION: IMPLICATIONS FOR FOOD SECURITY IN MENA ECONOMIES

Empirical evidence indicates that traditional climate indicators including temperature
anomalies, precipitation deficits, drought severity, and storm frequency are robustly
linked to heightened conflict risk. Specifically, each standard deviation change in these
metrics is associated with an approximate 11% increase in the probability of intergroup
conflict (Burke et al., 2015). This established causal pathway underscores why climate
change is increasingly framed not merely as an environmental challenge, but as a critical
non-traditional security threat with direct implications for social and political stability
(McDonald, 2018).

3 METHODS
3.1 Data description

The three main reasons why Tunisia, Egypt and Saudi Arabia were chosen are.
The first reason is that these three countries offer a nice gradient of water scarcity. Egypt
is totally Nile dependent and already feeling upstream pressure, then the KSA is hyper-
arid and has burned through most of its fossil groundwater, finally, Tunisia is semi-arid,
renewables are ok but stretched thin With this variation, | can test if the effect of CO 2
emissions or inflation on food security increases or decreases with. in the other hand, in
my opinion Tunisia was stable until 2011 then became a democracy. Egypt too. Saudi
Arabia is a monarchy and also stable but it gets dragged into regional conflicts like
Yemen. So | can try to separate internal problems from external shocks. That is not
possible if I only look at one country.

these three have very different trade patterns Tunisia exports olive oil and dates.
Egypt imports a lot of wheat; | mean a lot. Saudi Arabia used to export wheat actually,
believe it or not, but now it imports almost everything because their groundwater ran out.
That is useful because maybe imports make you vulnerable to inflation, or maybe exports
protect you. | do not know yet, but that is the point of the study.

My problem here honestly is data Libya has gaps. Syria has gaps. Yemen too. Iraq
also. But Tunisia, Egypt and Saudi Arabia have numbers from 1970 to 2023 for COs, , oil
, and the geopolitical risk index. Not perfect but good enough to run regressions. Without

data you cannot do anything. We use annual data for food security, co2 emission,
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geopolitical risk during the period from 1970 to 2023, the annual data were used
previously by Marwa et al (2025) , van Meijl et al (2024) , Ali et al (2026) and Sulaeman,

S., and Sukmana, R. (2026) Table 1 describe the variables.

Table 1

Data description and sources

Code Variables Calculassions Descriptions Sources
Food production _ !:ood production | World
FPI index Natural logarithm | index Development
(2014-2016 = 100) | Indicators
Carbon  dioxide
co2 CO2 emission Natural logarithm | (€92 | IEA-EDGAR CO2
emissions (Million
Tonnes / year).
World
Geopolitical risk | Geo Natural logarithm Development
Indicators
World
Oil prices Oil Natural logarithm Development
Indicators

3.2 Estimation model

The analysis of interdependencies between food security and oil price, co2 and
geopolitical risk within academic literature has traditionally relied on a suite of time-
series  methodologies.so it includes, inter alia, Autoregressive Conditional
Heteroskedastic (ARCH) and Generalized ARCH (GARCH) models for volatility
clustering, cointegration techniques, Vector Error Correction Models (VECM), Vector
Autoregression (VAR) frameworks, and Markov switching models. But, a limitation
inherent in these conventional approaches is their presupposition of symmetric, linear,
and temporally independent relationships between the variables under investigation.

The NARDL model is specifically designed to capture and quantify both short-
and long-run asymmetries. It achieves this through the decomposition of an explanatory
variable into its positive and negative partial sum components, thereby allowing for the
distinct estimation of the impacts of increases and decreases. In the context of this
research, the model is employed to investigate the potential asymmetric effects of oil price
fluctuations, geopolitical risk, and other endogenous factors on food security, which is

treated as the exogenous variable of primary interest. This asymmetry formally tests the
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hypothesis that the magnitude of the dependent variable's response to a positive shock in
an explanatory variable is statistically different from its response to a negative shock of

equal magnitude.
ipa; = ag+oyrgpf + aurgp; + azoilf + ay0ily + asco2f + agco2; +& (1)

where:

ipa, is the dependent variable, represented by the food production index at time t.

rgptand rgp; are the partial sum processes of positive and negative changes in the geopolitical
risk index, respectively.

oilf and oil; are the partial sum processes of positive and negative changes in the oil price.
co2{ and co2; are the partial sum processes of positive and negative changes in CO. emissions.
ay is the constant term, a; and ag through are the short-run coefficients to be estimated for the
respective partial sum variables.

& is the stochastic error term .

The long-run parameters to be estimated are represented as a vector. For each
independent variable iv;, both increases (iv;) and decreases (iv; ) are specified in the

following manner:

.4 Aivit lf Aivit >0
— 2
Wit { 0 otherwise @)

And:

. {Aivit lf Aivit <0 (3)

ivn, = )
i 0  otherwise

Within the specified model, the coefficients a; ,a; and a5 quantify the long-run
relationship between the food security index and positive shocks (increases) in
geopolitical risk, oil prices, and CO: emissions, respectively. Conversely, the
coefficients a, , @, and ag capture the long-run relationship with negative shocks

(decreases) in the same variables. Theoretically, it is hypothesized that the former set of
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coefficients will exhibit a negative sign, indicating that rising levels of these variables
exert a detrimental effect on food security. In contrast, the latter set is expected to show
a positive sign, suggesting that declining levels are beneficial. This anticipated
asymmetry stems from the premise that economic agents and agricultural systems often
react more decisively to escalating costs and risks than to their alleviation.Furthermore,
This formulation captures the asymmetric long-run relationship between food security
and the specified independent variables. Moreover, Equation (1) can be reformulated into
an error correction model (ECM) to distinguish between short-run dynamics and long-

run equilibrium, expressed as follows:

Aipa; = a+ Boipa, + Birgp + Bargpr + Bsoili + Byoily + Bsco2f +
n
— . — — p .
Beco2r + Xty A Alpas_q + E _ 1(y? rgpi +yergpey) + X (i il +
l=

- - q oo
yeoil ) + X, ¥ico2i +yr o2 ) + i (4)

Within the framework of Equation (4), all variable definitions remain consistent
with those established in Equation (1), where the parameters m, n, p, g, s, and h designate
the respective lag structures. The long-run coefficients, denoted as and, quantify the
enduring effects associated with positive variations in geopolitical risk, crude oil prices,
and carbon dioxide emissions. Correspondingly, a; = 8,/B, and a; = B3/B, measure
the persistent impacts stemming from negative fluctuations in these same explanatory
factors.

The short-term dynamics are captured by distinct partial sum
components: XF_, vy, YL, 0;"and Y,1_, 8; represent the immediate influences on equity
markets resulting from upward movements in CO. emissions, geopolitical risk, and oil
prices, respectively. Conversely, X! y;, ¥ ,6;7and Y1, & gauge the transient
effects attributable to downward movements in these variables. While Equation (1)
establishes the asymmetric long-run equilibrium, Equation (4) extends this analysis to
incorporate asymmetric short-run adjustments. The Nonlinear Autoregressive Distributed
Lag (NARDL) methodology offers the particular advantage of applicability to series with
different orders of integration, provided they are either 1(0) or 1(1). The presence of 1(2)
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series would invalidate the cointegration test statistics, as noted by Ibrahim (2015).
Consequently, we implement a battery of unit root tests—Augmented Dickey-Fuller
(ADF), Phillips-Perron (PP), and Kwiatkowski-Phillips-Schmidt-Shin (KPSS)—to
ascertain the integration properties of the variables. The estimation procedure follows a
well-established protocol. Equation (4) is initially estimated via Ordinary Least Squares
(OLS). Subsequently, we apply the general-to-specific approach advocated by
Katrakilidis and Trachanas (2012) and Ibrahim (2015), systematically eliminating
statistically insignificant lag terms to achieve a parsimonious final specification. The third
stage involves testing for cointegration using the bounds-testing procedure of Pesaran et
al. (2001) and Shin et al. (2014), which employs a Wald F-test to evaluate the joint null
Bo=P1=P2=P3=Ps=Ps=Ps=0. &Upon
cointegrating relationship, the analysis proceeds to examine both long-run and short-run

hypothesis establishing a
asymmetries. Finally, the asymmetric cumulative dynamic multiplier effects of a one-unit
change in each independent variable can be computed to trace the temporal evolution of

disequilibrium adjustment paths as follow :

+ n  OVi+i
m;, =)L 5
in i=0 aivii-t_l ( )

imultaneously, the asymmetric cumulative dynamic multiplier effects resulting

from a 1% change in the variable can be expressed as follows:

— _vn OVt

m.., = 2,:_
in 1=0 5;,—
0ivi_,

m=012,....) (6)

For the expressions in Equation (5) and Equation (6), it is observed that, as n —

o, m*Y, — o'y, and m, — o, (Ibrahim 2015)."

Table 2
Descriptive statistics
| Mean | Max [ Min | std.Dev | Skewness | Kurtosis | J-B
Panel 1 : Tunisia
Co2 16.85231 17.23278 16.27196 0.301891 -0.381685 | 1.927192 | 2.744945
Ragp 0.036814 | 0.048999 | 0.026512 | 0.006483 | 0.357272 | 2.173796 | 1.889211
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Oil  [5.341918 | 6.554475 | 4.381764 | 0.716076 | 0.168123 | 1.529902 | 3.600896
Panel 2: Egypt

Co2 18.77916 [ 19.37662 | 18.09085 | 0.436848 | -0.263367 | 1.602057 | 3.533515
Rap -1.748985 | -1.267763 | -3.880831 | 0.756370 | -1.860223 | 4.934688 | 27.84249
Qil 5.436364 | 6.554475 | 4.381764 | 0.716076 | 0.168123 [ 1.529902 | 3.600896
Panel 3: Ksa

Co2 4.12E+08 | 6.79E+08 [ 1.90E+08 [ 1.68E+08 [ 0.281539 [ 1.661801 | 3.337401
Rap 81.22987 | 161.1414 | 48.90227 | 21.57811 [ 1.662287 | 6.468302 | 36.54635
Qil 5.436364 | 6.554475 | 4.381764 | 0.716076 | 0.168123 [ 1.529902 | 3.600896

Our result descriptive data for the three main variables: CO2 emissions, the
Geopolitical Risk Index , and oil prices in Tunisia, Egypt, and Saudi Arabia are shown in
Table 2. Significant differences exist between the sample countries CO2 emissions levels
and volatility, according to the summary figures. Saudi Arabia's larger, energy-intensive
industrial base is reflected in its mean value, which is orders of magnitude greater
(4.12E+08) than Tunisia's (16.85) and Egypt's (18.78). This is combined with a much
greater standard deviation (1.68E+08) reflecting its larger, energy-intensive industrial
base, which shows that also Saudi emissions were very variable during the sample period.
Saudi Arabia's distribution is positively skewed, whilst Tunisia's and Egypt's are slightly
negatively skewed. All three nations' kurtosis values are less than 3, indicating platykurtic
(flatter-than-normal) distributions.

. The Jarque-Bera test does not reject the null hypothesis of normality at the 5%
significance level for all countries (p-values > 0.05), indicating that each nation's CO-
series is roughly normally distributed. Different risk profiles are highlighted by the GPR
statistics. Given its pivotal role in regional geopolitics, Saudi Arabia has the highest
average risk level (81.23). On the other hand, Egypt's negative mean value (-1.75)
indicates a period-averaged risk level that is lower than the baseline of the index. Egypt's
GPR distribution is highly negatively skewed (-1.86), with numerous intervals of reduced
risk interspersed with severe negative shocks (i.e., abrupt increases in risk). Saudi
Arabia's GPR, on the other hand, is positively skewed (1.66), indicating a propensity for
positive shocks, or abrupt drops in risk.

The high kurtosis values for Saudi Arabia (6.47) and Egypt (4.93) support
leptokurtic distributions, which are typified by heavy tails and a high frequency of
extreme values. While the null is not rejected for Tunisia (p-value = 0.39), the Jarque-

Bera test significantly rejects normalcy for Egypt and Saudi Arabia (p-values = 0.000),
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suggesting a non-normal distribution for the former two. The price series for oil is,
obviously, the same in all three countries because it is a commodity that is sold
internationally. However, the Jarque-Bera test does not reject the null hypothesis of
normality at standard significance levels (p-value = 0.17), and the series' positive
skewness (1.53) and kurtosis over 3 (3.60) point to a right-skewed leptokurtic distribution
with fat tails.

A preliminary rationale for using robust econometric techniques such as the
NARDL model, which does not rely on strict normality assumptions and can capture
nonlinear dynamics and the effects of extreme observations, is provided by the
established non-normality in the GPR series for Egypt and Saudi Arabia and the high
volatility in Saudi CO2 emissions.

Table 3 shows our results of the ADF, Phillips-Perron (PP) and KPSS unit root
tests on levels and first differences of CO2 emissions, oil prices and geopolitical risk
index for the selected countries KSA, Egypt and Tunisia. The bounds-testing procedure
is not valid when there are 1(2) variables. In fact, we perform unit root tests on the
appropriate time series, so, the tests include constant and trend variables. The optimal lag
length for the Augmented Dickey-Fuller (ADF) test is chosen based on the Akaike
Information Criterion (AIC).

The battery of unit root tests indicates that for all series and across all countries,
the null hypothesis of a unit root cannot be rejected at levels but is soundly rejected at
first differences. This confirms that all variables are integrated of order one, 1(1), and no
series is 1(2). Consequently, we can proceed to implement the bounds-testing approach
within the Nonlinear ARDL (NARDL) framework. Hence, we can proceed to implement
the bounds-testing approach. We estimate Equation (4) by applying the general-to-
specific procedure to reach the final model specification.

The results of the cointegration bounds tests are reported in Table 4. The computed
F-statistics are statistically significant at the 1% level for Tunisia and Egypt, and at the
5% level for Saudi Arabia. These findings confirm the existence of a stable long-run
cointegrating relationship among CO: emissions, oil prices, and geopolitical risk for all
three countries. With the establishment of cointegration, we can proceed to analyze the
short- and long-run dynamics, including the asymmetric effects of positive and negative

changes in oil prices and geopolitical risk on the dependent variable.
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Conventional unit root tests At level
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Co2 Oil Geopolitical risk
ADF PP KPSS ADF PP KPSS | ADF PP KPSS
Tunisia 0.713889 - -
- - 1.64956 | 0.543 1.76302
1.338055 | 1.511153 -1.691406 | 8 938 -1.815683 3 0.574322
Egypt - - 0.658834 | -1.691406 | - 0.543 | -4.402837 - 0.462187
1.811933 | 1.774044 1.69140 | 938 3.66269
6 0
Ksa - - 0.672129 | -1.691406 | - -3.987587 -
1.412888 | 1.412888 1.64956 | 0.543 4.02413 | 0.157395
8 938 5
At first differences
Co2 Qil Geopolitical risk
ADF PP KPSS ADF PP KPSS ADF PP KPSS
Tunisia | - 0.180837 | - - - -
9.1237 | - 5.43569 | 4.50310 6.27312 | 6.34440
63 9.447278 2 1 0.180837 | 4 7 0.132112
Egypt - -- 0.463075 | - - 0.228608 | - - 0.459489
1.8119 | 3.817314 5.43569 | 4.50310 3.44406 | 3.67959
33 2 1 1 3
Ksa - - - 0.228608 | - - 0.500000
5.1895 | - 5.43569 | 4.50310 6.43650 | 20.6002
36 6.961648 | 0.139967 | 2 1 0 7
Table 4
Nonlinear ARDL bounds test results
F-statistics Cointegration
Tunisia Yes
6.027375***
Egypt Yes
8.649242***
Ksa Yes
5.101091**

(Note) ***, ** and *, denote significance level at 1%, 5% and 10%.

We first check the adequacy of the dynamic specification with a number of
diagnostic tests before we can analyse the long-run and short-run relationships between

stock market prices and the variables of interests. The tests include the Breusch-Godfrey
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LM test for autocorrelation (SC), the White test for heteroskedasticity and the Ramsey
Regression Equation Specification Error Test (RESET) for model stability. The results of
these diagnostic tests are presented in Table 6.

The results show that for the Egypt model, the specification is able to pass all the
diagnostic tests, which indicates the absence of autocorrelation and heteroskedasticity at
5% level of significance. The RESET test indicates that the null hypothesis of no omitted
variables cannot be rejected, implying that the model is correctly specified.

The Breusch-Godfrey serial correlation test for the Saudi Arabia (KSA) model
confirms the absence of serial correlation, while the heteroskedasticity test shows some
indication of heteroskedasticity but not at the 5% significance level. The RESET test fails
to reject the null hypothesis, indicating no evidence of omitted variables and that the
model is generally correctly specified.

The diagnostics results of the Tunisia model show no significant autocorrelation
and heteroskedasticity and the RESET test shows that the null hypothesis of no omitted
variables can’t be rejected. That is the model is well specified.

Durbin — Watson statistics also support no autocorrelation for all the three
countries Egypt (DW = 2.1500), KSA (DW = 1.9784) and Tunisia (DW = 2.0651).
Therefore, these diagnostic results indicate that the Egypt and Tunisia models are well
specified, but the KSA model may need to be checked for possible heteroskedasticity.

Table 5: Wald tests results of long and short run asymmetry of the effects of oil
price, real GDP (RGP) and CO2 emissions for Tunisia, KSA and Egypt. Results show
mixed evidence of asymmetry in the long run. For Tunisia, the null hypothesis of
symmetry is rejected for oil prices (WLR oil = 2.7118, p = 0.0095) indicating a
significant asymmetric effect of positive and negative oil price shocks. There is no
significant long-run asymmetry for real GDP (WLR_rgp = 0.8487, p = 0.4007) and CO2
emissions (WLR_co2 = -1.8067, p = 0.0778).

In the case of KSA, the long-run asymmetry is observed marginally for real GDP
(WLR_rgp =-0.8406, p = 0.0601) while oil prices (WLR_oil = 1.9374, p = 0.4058) and
CO2 emissions (WLR_co2 = -1.6807, p = 0.1010) do not show statistically significant
asymmetry. In case of Egypt, no variables exhibit significant long-run asymmetry
(WLR_oil =-1.5338; p = 0.1333; WLR_rgp = -0.7443; p = 0.4612; WLR_co2 = -1.6807;
p =0.2769).
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According to our findings, short-run shocks in real GDP remain symmetric
(WSR_rgp = 0.8544, p = 0.3976), but Tunisia exhibits considerable asymmetry for oil
prices (WSR_oil = 2.5783, p = 0.0134) and marginal asymmetry for CO2 emissions
(WSR co. = -1.7846, p = 0.0813). Short-run asymmetry is evident in KSA for CO2
emissions (WSR co: = 2.1234, p = 0.0345) and oil prices (WSR oil = 3.0481, p =
0.0041), suggesting a strong reaction to changes in both variables. This indicates that, due
to different legislative frameworks and economic linkages, KSA's economy is more
susceptible to fluctuations in energy costs and environmental impact, whilst Tunisia's
economic structure shows some resilience. = -3.7917, p = 0.0005), but symmetric real
GDP shocks (WSR_rgp =-0.8934, p = 0.3772). WSR_oil =-0.8322 (p = 0.4104) shows
no signs of short-run asymmetry for Egypt, with WSR_oil = -0.8322 (p = 0.4104),
WSR_rgp =-1.3661 (p = 0.1799), and WSR_co2 =-1.3919 (p = 0.1720).

To summarize, the results presented here imply that Tunisia and KSA exhibit
strong asymmetric responses in key variables particularly oil prices and CO: emissions
while Egypt demonstrates mostly symmetric effects in both the long- and short-run

perspectives.

Table 5
Long-run and short-run asymmetry tests
Countries Long-run asymmetry Short-run asymmetry
WLR (0il) | WLR (rgp) | WLR (c02) | WSR (oil) WSR (rgp) WSR (co2)
Tunisia
-1.7846*
2.7118*** | 0.8487 -1.8067*
2.5783** 0.8544 (0.0813)
(0.0095) (0.4007)) (0.07780)
(0.01343) (0.3976)
Ksa
1.9374 -0.8406* -1.6807 3.0481*** -0.8934 -3.7917%**
(0.1010) (0.0041) (0.3772) (0.0005)
(0.4058) (0.0601)
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Egypte
-1.5338 -0.7443 -1.6807 -1.3919
-0.8322
(0.1333) | (0.4612) (0.2769) -1.3661 (0.1720)
(0.4104)
(0.1799)
Table 6
The dynamic nonlinear estimation
EGYPTE KSA Tunisia
Constant 3.0509***
0.8985*** -0.4681
IPA,_,
-0.9320*** -0.1023* -0.9321***
co,;, 0.06193 0.0619
-2.4371%*
€Oy,
1.0387**
1.0388**
8.6885***
oil} ,
0.0945* 4.4835**
0.0946*
oil;_, -0.1811*
-0.1810*
-10.8922***
Rgpi_4
-0.1136** 0.5939
Rgp{_, -0.0866*
-0.2921
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ACOy

-1.1572*

-5.50E-08**

1.1572*

A Rgp{_,4

Long-run coefficient

COz

0.1112*

2.2347** 1.6045 2.4858**
CO:" 0.2560
-1.4541
3.7280***
oil”
0.7287 -1.9909*
-1.9708*
oil*
-0.3815 1.5751 2.0277**
rgp-
3.2590*** -1.4042
-0.3566
rgp*
-1.6604*
3.2652*** 0.67970

Diagnostic tests

R? 0.5069
0.3548
0.6383
Adj. R?
0.15106
0.41520
0.5337
DW
2.1500 1.9784 2.0651
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Xse 0.0078 1.683
2.979

X uer 12.4139 12.215
21.678%**

X2 pp 1.357 1.5032 0.75628

Table 6 illustrates the estimated findings of the NARDL model for Egypt, KSA,
and Tunisia, assessing the short- and long-run effects of industrial production (IPA), CO:
emissions, and oil prices on stock market, in the short term, the lagged coefficient of
industrial production (IPA_{t-1}) is highly negative and significant for Egypt (-0.9320,
p < 0.01) and Tunisia (-0.9321, p < 0.01), and marginally significant for KSA (-0.1023,
p < 0.1). Positive variations in CO: emissions (CO:"{t-1}) are significant in KSA (-
2.4371, p < 0.05), but negative changes (CO: {t-1}) are significant in Egypt (1.0387, p <
0.05), Tunisia (1.0388, p < 0.05), and substantially in KSA (8.6885, p < 0.01).

Oil prices: The positive shocks (oil*{t-1}) are significant in Egypt (0.0945, p <
0.1), Tunisia (0.0946, p < 0.1) and KSA (4.4835, p < 0.05). The negative shocks (oil ™ {t-
1}) are significant and negative in Egypt (-0.1810, p < 0.1), Tunisia (-0.1811, p < 0.1)
and KSA (-10.8922, p < 0.01). but, short-run shocks in real GDP remain symmetric
(WSR_rgp = 0.8544, p = 0.3976).Short-run asymmetry is significant in KSA for CO2
emissions (WSR _co: = 2.1234, p = 0.0345) and oil prices (WSR oil = 3.0481, p =
0.0041), implying a substantial sensitivity to changes in both variables. This demonstrates
that, due to various legislative frameworks and economic links, KSA's economy is more
susceptible to swings in energy costs and environmental impact, but Tunisia's economic
structure shows some resilience, but symmetric real GDP shocks (WSR_rgp = -0.8934, p
= 0.3772). of short-run asymmetry, WSR_oil =-0.8322 (p = 0.4104) reveals no sign se
try for Egypt.

In the long term, negative CO: shocks (CO:") reveal positive and significant
coefficients in Egypt (2.2347, p < 0.05) and Tunisia (2.4858, p < 0.05), while the
coefficient for KSA is positive but not significant (1.6045). Positive CO- shocks (CO2")
are strongly positive for Egypt (3.7280, p < 0.01), negative for KSA (-1.4541), and not
significant for Tunisia (0.2560). but positive and not significant for Egypt (0.7287).

Positive oil price shocks (oil*) are positive and significant only for Tunisia (2.0277, p <
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0.05) and insignificant for Egypt (-0.3815) or KSA (1.5751).The long-run coefficients of
negative and positive changes in RGP are significantly positive for Egypt (rgp~ =
3.2590%** rgp* = 3.2652***), negative and insignificant for KSA (rgp~ = -1.4042, rgp*
=-1.6604%*), and generally negligible for Tunisia (rgp~ = -0.3566, rgp* = 0.6797).

The diagnostic tests reveal good model fit for Egypt and Tunisia with R2 of 0.6383
and 0.5069, respectively, and lower fit for KSA (R2 = 0.3548). The Durbin-Watson
statistic provides no evidence of first-order autocorrelation in all three countries (DW =
2.15, 1.9784, 2.0651). Although heteroscedasticity is detected for Egypt (y 2 HET =
21.678, p<0.01), the SC(12) test, Breusch-Pagan-Godfrey heteroscedasticity test and the
Ramsey RESET test confirm the adequacy of the model specification.Overall the results
suggest that stock markets react differently to oil price, industrial production and CO2
shocks in the three countries. Egypt and Tunisia exhibit persistent long and short run
asymmetries, while KSA displays more mixed effects, especially regarding CO2 and
RGP shocks.

Figure 1

Asymmetric cumulative dynamic multiplier impacts
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Figures 1-3 exhibit the dynamic effects of positive and negative changes in CO:
emissions, oil prices, and geopolitical risk on the Agricultural Production Index (IPA) for
Tunisia, Egypt, and the Kingdom of Saudi Arabia (KSA). The analysis highlights
asymmetries in the response of agricultural production to these shocks in short and long
run. Agricultural production response to CO2 shocks is asymmetric in Tunisia. Positive
changes in CO 2 have a limited immediate impact while negative changes elicit a more
pronounced and statistically significant response in the short run. Similarly, oil price
shocks have an asymmetric effect: positive shocks slightly increase agricultural
production while negative shocks significantly reduce it, and the adjustment process
towards equilibrium is completed after a few months.. Similarly, oil price shocks display
an asymmetric effect: positive shocks slightly increase agricultural production, while
negative shocks reduce it significantly, with the adjustment process toward equilibrium
completed within a few months. Geopolitical risk exhibits a gradual but significant
negative impact on IPA in the short run, with partial adjustment in the long run.

The response of agricultural production to CO: shocks is relatively muted for
Egypt, with both positive and negative shocks producing a slow adjustment toward
equilibrium. Positive changes in oil prices have a positive impact on agricultural
production but with a delay, while negative shocks sharply reduce the production with

partial recovery over time. The effect of geopolitical risk is insignificant in the near run
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but considerable negative effect over the longer horizon, indicating that policy or market
responses reduce immediate repercussions. for the KSA the asymmetric pattern of CO-
shocks is clear; positive emission changes modestly lower agricultural production, while
negative changes dramatically boost IPA in the near run. Qil price shocks produce a
strong asymmetric response: positive shocks substantially increase agricultural
production, whereas negative shocks lead to a marked decrease, with the adjustment
process stabilizing after several months. Geopolitical risk demonstrates a mixed effect on
agricultural production, with a delayed response to negative shocks but limited sensitivity
to positive shocks.

In conclusion, our result show that the findings indicate that agricultural output in
each country responds irregularly in geopolitical risk, to changes in CO., and oil prices.
The positive and negative shocks have different short and long run effects which
highlights the importance of timely adaptation measures in the agricultural sector to
reduce the possible negative effects. So, the answer given patterns are also adaptable to
the trajectory of the shock as well as to the type of shock, indicating the importance of

considering asymmetric dynamics in policy planning and agricultural risk management.
4 CONCLUSIONS

This paper investigates the dynamic asymmetric response of agricultural
production to CO: emissions, oil prices, and geopolitical risk, using monthly data for
Tunisia, Egypt, and the Kingdom of Saudi Arabia (KSA). The short- and long-run
asymmetries in the relationship are estimated using the NARDL model over the available
data period. The results reveal an asymmetric long-run impact of CO. emissions, oil
prices, and geopolitical risk on agricultural production across the three countries. In
Tunisia, agricultural production responds significantly to negative shocks in CO and oil
prices, while positive shocks show a more muted effect. For Egypt, negative oil price
shocks and CO: increases have a stronger influence on agricultural production, whereas
the impact of geopolitical risk remains limited in the short run but manifests over the long
term. In KSA, agricultural production exhibits a pronounced asymmetric response to oil
price shocks, with positive shocks enhancing production and negative shocks reducing it

_ Veredas do Direito, v.23, 237993 — 2026




GEOPOLITICAL RISK, ENVIRONMENTAL DEGRADATION, AND ENERGY TRANSITION: IMPLICATIONS FOR FOOD SECURITY IN MENA ECONOMIES

significantly; CO: emissions also show a clear asymmetric effect, while the impact of
geopolitical risk is delayed but observable.

Overall, these findings confirm that agricultural production responds nonlinearly
to key environmental and economic factors, including CO. emissions, oil prices, and
geopolitical risk. The response is highly sensitive to the direction of changes, and the
speed of adjustment toward a new equilibrium varies according to the type of shock. This
insight is valuable for policymakers and agricultural planners, as it highlights the
importance of considering asymmetric dynamics when designing strategies to mitigate
the adverse effects of environmental and economic shocks and to support sustainable

agricultural development.
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