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Economic resilience plays an important role in shaping the long-term growth pattern
and is a prerequisite for the theory of endogenous growth. Therefore, this study,
using the vector autoregressive model with exogenous variables (VARX) and
seasonal data from spring 2001 to winter 2023, has examined the impact of energy,
food security, and climate exogenous shocks on Iran's economic resilience. The
instantaneous shock response function of economic resilience showed that after the
energy security shock, it first strengthened, then became negative after a few periods,
and then approached the previous equilibrium state. In contrast, after the food
security shock, economic resilience increased, and then the positive shock effect was
absorbed over time and the system approached a new equilibrium state. Climate
shocks also create significant and stable fluctuations in the instantaneous shock
response function of economic resilience. The cumulative response diagram of
economic resilience showed that the positive effect of the energy security
improvement shock on this variable is not stable and eventually becomes negative.
But positive food and climate security shocks have a positive and sustained
cumulative effect on economic resilience. The results of the analysis of variance of
the forecast error also showed that in the short term, the majority of the fluctuations
in economic resilience are explained by internal shocks to this variable. With an
increase in the time horizon, the contribution of other variables, especially food
security, in explaining changes in economic resilience increases. In a Granger and
instant causality test as a complementary tool to accurately identify the
communication channels between endogenous VARX variables, only the probability
value of the Granger causality test for food security was obtained as 0.0017. This
result indicates a significant Granger causality relationship at the 1% level.
Therefore, food security disruptions play an important role in predicting changes in
economic resilience and energy security. Based on the results of this instant causality
test, only the probability value of the instant causality test from energy security to
other variables is less than the significance level of 0.05. Therefore, the null
hypothesis of no instant causality is rejected.
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Extended Abstract

1. Introduction

Recent economic findings show that economic resilience plays an important role in shaping the long-term growth
pattern and is a prerequisite for the theory of endogenous growth; therefore, reducing vulnerability and increasing
economic resilience are essential conditions for achieving endogenous economic growth (Pourmataghi Alemani et al.,
1402). The realization of resilience in practice is directly influenced by a set of structural, institutional, and economic
factors. Among these factors, energy security is closely linked to the concept of economic resilience. Energy security
represents the ability of an economy to provide continuous, affordable, and reliable energy resources in the face of
shocks and fluctuations and directly affects the capacity of the economy to face crises (Asia and Pacific Energy
Research Center, 2007; Edigarova, 2021). Meanwhile, despite having huge oil and gas resources, Iran is exposed to
widespread fragility in the field of energy security due to mismanagement, unsustainable subsidy policies, old
infrastructure structure, and international sanctions. (Raei et al., 2024; Bosso, 2025). Food security, like energy
security, is considered one of the vital pillars of sustainable development and economic resilience. In this regard, the
findings and reports of international institutions emphasize that in the framework of sustainable development, energy
security and food security are two interconnected components and emphasize the need to examine these two areas in
an integrated manner (FAO, 2018). Food insecurity increases inequality, poverty, social tensions, and reduces labor
productivity (Mirzaei et al., 2024). In addition, it spreads nutrition-related diseases (Laraya, 2013). All of these things
reduce a country’s ability to weather a crisis. Past research has assessed food security in an unfavorable state (Arzhang
et al., 2022; FAO, 2025). The complexity of the issue increases when climate change is added to it. Scientific research
has predicted that the Middle East and North Africa region will be severely affected by it (Al-Dulaimi, 2020). Climate
change is recognized as a multidimensional and escalating crisis that can affect various areas such as energy security
(Alhil et al., 2024) and food security (Wang et al., 2013). Despite the expansion of studies related to economic
resilience, a review of the literature shows that most previous research has examined the impact of energy security and
food security on resilience separately. In most studies, the role of climate change is considered solely as an independent
environmental factor, and its moderating effect on the relationship between energy security, food security, and
economic resilience has been ignored. In light of the analysis of previous studies, this study is scientifically innovative
in various aspects. First, the present study, with a systemic approach, simultaneously analyzes the two components of
energy security and food security on economic resilience. Second, considering climate as an exogenous variable in the
model and examining its shock to other variables distinguishes this study from other studies. Third, the economic
resilience index was calculated for Iran by considering the environmental management component, the 5-dimensional
energy security index, and the new Proteus food security index. Fourth, the mean-minimum aggregation function was
used to calculate the three mentioned indicators. Next, a vector autoregressive model with exogenous variables
(VARX) was used to examine the shocks.

2. Research Methodology

The statistical population of this study includes seasonal time series of the Iranian economy. The research period is
considered based on access to reliable data, seasonal data from spring 2001 to winter 2023. The model variables include
economic resilience, energy security, food security, and climate change. For the climate variable, the standardized
precipitation-evapotranspiration index (SPEI) was used as an exogenous variable in the model. For the economic
resilience variable, according to the purpose of the present study, the Brigoglio Economic Resilience Index, which was
completed in 2014 by adding the environmental management component and has a comprehensive and
multidimensional approach, was selected. For the energy security variable, the 5-dimensional energy security index
for Iran was calculated. For the food security variable, the Proteus composite food security index was used. After data
collection, the variables were different in terms of measurement units, so the units were standardized using the
minimum-maximum standardization method, and finally, the indicators were aggregated and calculated using the
average-minimum method. Due to the time limitation of the research data, in order to increase the number of
observations, the annual data of the indicators were converted to seasonal data using the Denton- Cholette method.
Next, the vector autoregressive model with exogenous variables (VARX) was used to examine the impact of energy
security shock, food security shock, and climate exogenous variable (SPEI) on economic resilience.

3. Research findings

3.1. Stationarity test and determination of model lag: The VARX model depends on the reliability of the variables.
Therefore, the reliability of each of the model variables was examined using the generalized Dickey-Fuller (ADF),
Kwiatkowski-Phillips-Schmidt-Shin (KPSS), and Zayot-Andrews (ZA) tests. Based on the results, economic
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resilience, energy security, food security and the SPEI variable were stationary. Next, three criteria, Akaike (AIC),
Schwartz-Bazin (SBC), and Hannan-Quinn (HQ)) were used to determine the optimal interval of the VARX model.
Based on the results, considering a maximum of 8 intervals for the variables, the optimal interval of two (p = 2) for
endogenous variables and the optimal interval of zero (m = 0) for exogenous variables were selected for the model.
3.2. Post-estimation tests of the model

3.2.1. Model stability test: The results showed that all Eigenvalues have an absolute value less than one, and the
largest Eigenvalue is 0.924. Since none of the Eigenvalue are outside the unit circle, the model stability assumption is
confirmed.

3.2.2. Autocorrelation: For this purpose, the Living-Box (Q) statistic test was used at different intervals. Based on
the results, since the probability value at the 95% confidence level is greater than 0.05 in all intervals, the null
hypothesis of no autocorrelation in the residuals is not rejected.

3.2.3. Variance heterogeneity: In order to examine the assumption of homogeneity of conditional variance and the
ARCH effects of the model residuals, the MARCH test was used at interval 8. Based on the results of the robust test,
it can be concluded that the model residuals are free of conditional variance heterogeneity and the model is valid in
terms of this assumption.

3.3. Block and Instantaneous Granger Causality Test: In the Granger causality test, by considering the exogenous
variable, it is examined whether the interruptions of an endogenous variable can increase the accuracy of predicting
the future values of other variables. (Anders, 2004). Based on the results, the only probability value of the Granger
causality test for food security was obtained equal to 0.0017, which indicates a significant Granger causal relationship
at the 1 percent level. Therefore, food security plays an important role in predicting changes in economic resilience
and energy security. In the instant causality test, only the existence of a simultaneous relationship is examined. Based
on the results of this test, the only probability value of the instantaneous causality test from energy security to other
variables is less than the significance level of 0.05. Therefore, the null hypothesis of the absence of instantaneous
causality is rejected.

3.4. Instantaneous and cumulative shock response functions: The instantaneous shock response function of the
resilience variable after the energy security shock shows an increasing and positive trend and reaches its maximum
value of 0.1540501 in period 6. After the peak, a downward curve and a half-life of four periods after the peak (this
point occurs a total of about 10 periods after the initial shock) occur. It then reaches zero in period 12 and then enters
the negative region, although the severity of the negative effect is limited and the system tends to approach an
equilibrium state. In contrast, the economic resilience response function after a positive food security shock quickly
becomes positive from the beginning of the period and increases sharply, reaching its maximum value of 1.445409 in
period 9. Subsequently, the effect of the positive food security shock is absorbed over time, and the system approaches
a new equilibrium state. Nine periods after the peak is the half-life of the shock effect. Given that this point occurs a
total of about 18 periods after the initial shock, it can be concluded that the effect of the food security shock is persistent
over time. Climate shocks also cause significant and sustained fluctuations in the response function to the immediate
shock of economic resilience. However, these fluctuations do not get out of control and continue as a stable cycle in
the period under study.

The cumulative response diagram of economic resilience showed that the positive effect of the energy security
improvement shock on this variable is not sustainable and eventually becomes negative. Given this result, it can be
said that the initial improvement in economic resilience is likely due to strengthening the aspects of energy supply and
access, which reduces the production costs of energy-intensive industries and causes rapid improvement in production,
employment, and economic indicators. However, increasing energy security, which is usually accompanied by
increasing energy revenues, makes the government tend to increase current expenses, subsidies, and unproductive
projects, which can be said to cause symptoms of Dutch disease in the Iranian economy. In addition, cheap and
accessible energy reduces the pressure to improve productivity and the incentive to invest in new technologies such as
renewable energy, the development of knowledge-based industries, and the diversification of the energy portfolio. As
aresult, economic resilience, after an initial period of improvement, finds a steady downward trend. However, positive
food and climate security shocks have a positive and sustained cumulative effect on economic resilience. This result
can be attributed to the fact that improving food security provides the basis for improving economic resilience by
increasing households' sustainable access to food, reducing livelihood insecurity, and strengthening human capital. In
such circumstances, households and firms gain greater ability to manage economic shocks, maintain consumption
levels, and continue production activities. In addition, improving food security can have positive effects on the
economy's capacity to adapt to crises by reducing social and economic pressures, increasing labor productivity, and
strengthening income stability. Therefore, the cumulative and persistent effect observed in the response of economic
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resilience indicates that improving food security is not just a short-term effect, but also contributes to strengthening
the foundations of economic sustainability in the medium term.

3.5. Analysis of the variance of the forecast error: The results of the analysis of variance of the forecast error of the
economic resilience variable in the time horizons studied showed that in the short term, the internal dynamics of
economic resilience play the main role in explaining its fluctuations, and the effect of other variables has not yet been
fully transmitted. With an increase in the time horizon, the contribution of food security grows significantly and
explains part of the fluctuations of economic resilience. The contribution of energy security also increases, but this
increase is relatively more limited. At the same time, the contribution of shocks to economic resilience itself decreases,
indicating an increase in the role of external factors in determining the dynamics of economic resilience.

4. Conclusion

The present study aimed to investigate the mutual dynamics between economic resilience, energy security, and food
security by considering climate shocks in the form of a VARX model. The results of preliminary tests showed that the
research variables are statistically stable and the choice of the optimal interval of two is appropriate for endogenous
variables. Diagnostic tests also indicated the stability of the model, the absence of autocorrelation in the residuals, and
the absence of conditional variance heteroscedasticity. Therefore, the estimation results have the necessary
econometric validity. The results of the instantaneous response functions showed that the positive response of
economic resilience to energy security shocks is limited, and a negative effect is observed in subsequent periods,
although the intensity of the negative effect is limited and the system tends to approach an equilibrium state. The
cumulative response function showed that the positive food security shock on economic resilience is not sustainable
over the period under study and eventually becomes negative. This positive response in the early period is likely due
to strengthening access to and supply of energy, which, by reducing the production costs of energy-intensive industries,
increases production and employment, and consequently resilience. A positive food security shock in the instantaneous
shock response function of economic resilience has a positive effect on economic resilience from the beginning of the
period, but in subsequent periods the positive effect decreases and the system approaches a new equilibrium state. In
addition, the pattern of the cumulative response graph of resilience to food security shock shows an improvement in
economic resilience during the period under study. This result shows that, unlike energy security, food security, due
to its essential nature and direct relationship with human capital, has a positive and increasing cumulative effect on
economic resilience. The climate shock, through the SPEI index, caused significant fluctuations in the instantaneous
response curve of economic resilience. This indicates that economic resilience remains in a fluctuating and persistent
pattern after the shock during the period under study. The cumulative response function also showed an improvement
in economic resilience due to the climate shock. The results of the analysis of variance of the forecast error also showed
that in the short term, the majority of the fluctuations in economic resilience are caused by internal shocks to this
variable, and in the long term, food security has a significant contribution to explaining the fluctuations in economic
resilience, and its role is more prominent than energy security. Finally, the results of this study showed that in a
systemic framework, energy security, food security, and climate have a dynamic and interactive effect on economic
resilience. Therefore, increasing the resilience of a society requires appropriate policymaking to reform energy policies
and infrastructure, strengthen food security, and manage climate fluctuations.
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