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Abstract

The purpose of this research is to evaluate the effects of climate change shocks and
economic complexity on economic growth, using the panel vector auto-regression model. In
this research, the average temperature data and ECI (Economic Complexity Index), which is
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an indicator of technological progress (Mohammad Mahdi Ahmadian Divkhti et al., 2017),
were used for MENA countries in 1995 to 2015. According to the analysis of variance
decomposition of economic growth, we found that only 5% of changes in economic growth
are related to climate change. So it can be resulted that the effect of climate change on
economic growth is limited, but this effect is positive and significant. The effect of climate
change shock (temperature changes) on the economic complexity index, according to the
results of shock response functions is as follows: with the shock of temperature changes, the
response of the economic complexity index is very high, positive and significant.
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Extended Abstract

Introduction

Climate change represents one of the most pressing
and multifaceted challenges facing the global
community, especially for developing countries
that are striving to achieve sustainable economic
growth while grappling with environmental
vulnerabilities. The increasing frequency and

* E-mail address: m.karimzadeh@um.ac.ir

intensity of climate-related events such as
temperature rises, extreme weather patterns, and
irregular precipitation pose significant threats to
socioeconomic stability. Among these climatic
factors, rising temperatures have been particularly
highlighted for their pervasive impact across key
sectors like agriculture, infrastructure, energy, and
public health.
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In parallel, another critical determinant of
economic growth in the modern globalized world
is the concept of economic complexity. This refers
to the amount of productive knowledge embedded
within an economy, often captured through the
Economic Complexity Index (ECI), which
measures the diversity and sophistication of a
country’s exports. A highly complex economy,
characterized by  advanced  technological
capabilities and diversified production systems, is
believed to be more resilient to external shocks,
including those emanating from climate
disturbances.

This study investigates the simultaneous and
interacting effects of climate change specifically
temperature variations and economic complexity
on economic growth in selected MENA (Middle
East and North Africa) countries over a 21-year
period (1995-2015). The research seeks to answer
several key questions: How does climate change
influence short- and long-term economic growth?
What role does economic complexity play in
moderating or amplifying the impact of climate
change? Can advancements in technology and
production  systems  compensate  for the
vulnerabilities induced by environmental stressors?

Given the MENA region's exposure to climate
variability, particularly rising temperatures and
water scarcity, and its strategic yet diverse
economic structure, it provides a fertile context for
examining these interactions. The study aims not
only to quantify the individual and combined
effects of climate and complexity variables on
GDP growth but also to offer nuanced insights into
the policy implications for countries seeking to
achieve both environmental sustainability and
economic resilience.

Research Methodology

To address the research objectives, the study
adopts a robust macroeconomic modeling
framework grounded in the extended Solow
growth model. The theoretical underpinnings are
adapted to incorporate environmental and
structural economic factors, namely mean annual
temperature (MT) as a proxy for climate change
and the Economic Complexity Index (ECI) to
represent  technological  advancement  and
productive diversity.

The empirical analysis is conducted using panel
data for a group of MENA countries (including
Iran, Saudi Arabia, Egypt, Morocco, Tunisia,
Jordan, and others) over the period 1995-2015.
The primary dependent variable is GDP per capita
(LnGDP), while the key independent variables are
MT and ECI. To control for potential endogeneity
and dynamic interdependencies among variables,
the study employs the Panel Vector Autoregression
(Panel VAR) approach. This technique is well-
suited for examining how shocks to one variable
propagate through the system over time.

Pre-estimation diagnostics include stationarity tests
using the Levin-Lin-Chu (LLC) method, ensuring
that all variables are integrated of order zero.
Model stability is assessed through the inspection
of characteristic roots and impulse response
functions (IRFs), which trace the reaction of
endogenous variables to exogenous shocks over
multiple periods. Furthermore, variance
decomposition analysis is employed to determine
the proportion of forecast error variance in
economic growth attributable to shocks in each
explanatory variable.

The estimation is executed in STATA 17 using the
Generalized Method of Moments (GMM) to
address issues related to heteroscedasticity,
autocorrelation, and fixed effects. The GMM-
PVAR model allows the researchers to derive
reliable dynamic causal inferences from the data,
making it possible to evaluate both short-term
fluctuations and long-term equilibria.

Results and Discussion

The empirical findings reveal a complex and time-
dependent relationship between climate change,
economic complexity, and economic growth. The
key insights can be categorized into three thematic
areas:

1. Impact of Climate Change (Temperature
Shock): The impulse response analysis indicates
that an initial positive shock in temperature leads
to a marginal and short-lived increase in economic
growth. This counterintuitive result can be
explained by temporary agricultural productivity
boosts or adaptive economic behavior. However,
the effects quickly dissipate and become
neutralized in subsequent periods. The transitory
nature of these gains suggests that any initial
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benefits are outweighed by longer-term adverse
impacts, such as reduced labor productivity, higher
operational costs, infrastructure strain, and
negative health outcomes.

The variance decomposition results show that
temperature-related shocks explain a relatively
small proportion of the variance in GDP growth
less than 5% across all periods. This indicates that
while climate change has statistically significant
effects, its direct economic impact s
overshadowed by more dominant structural
factors, such as economic complexity.

2. Role of Economic Complexity: Economic
complexity exhibits a dual effect on growth
depending on the time horizon. In the short run, an
increase in the ECI is associated with a slight
decline in GDP growth. This negative effect likely
reflects adjustment costs, capital reallocation, skill
mismatches, and institutional lag as economies

transition toward more complex production
systems.
However, over the medium and long term,

economic complexity contributes positively and
significantly to growth. The impulse response
functions reveal that the initial shock is absorbed
within a few periods, after which the ECI
consistently drives growth upward. This is in line
with theoretical expectations: countries that
produce and export more sophisticated and
diversified goods are better equipped to sustain
growth, innovate, and adapt to changing global and
environmental conditions.

Variance decomposition further supports this
dynamic: the ECI explains approximately 23% of
GDP growth variance by the tenth period. This
growing influence underscores the importance of
structural transformation and innovation-driven
growth in achieving long-term  economic
resilience.

3. Interaction Effects and Policy Implications:
The interaction between temperature shocks and
economic complexity yields additional insights.
While climate change remains a constraint, the
presence of a more complex economic structure
appears to buffer some of its negative effects. In
countries with higher ECI scores, the adverse
impact of temperature increases on GDP is less

pronounced. This suggests that technological
capability and productive diversity enhance
adaptive capacity.

Moreover, the results challenge the assumption
that climate change uniformly hampers growth.
Instead, its effects are mediated by institutional
readiness, investment in R&D, education levels,
and the ability to reallocate resources efficiently all
of which are embedded within the concept of
economic complexity.

Conclusion

This study contributes to the growing literature on
the nexus between environmental sustainability
and economic development by providing empirical
evidence on the dual role of climate change and
economic  complexity in shaping growth
trajectories in the MENA region. Several key
conclusions emerge from the analysis:

o Temperature increases while initially neutral
or mildly positive tend to have negative or null
effects on economic growth in the medium
term, reinforcing concerns about climate
vulnerability.

e [Economic complexity serves as a vital
determinant of long-term growth and a
potential mitigator of climate-related risks,
though it requires time, investment, and
institutional support to yield dividends.

e The interaction between climate change and

complexity underscores the need for
differentiated policy responses based on
national capabilities and structural

characteristics.
The study offers several policy recommendations:

e Invest in Resilient Infrastructure:
Governments should prioritize infrastructure
that can withstand climate shocks, particularly
in energy, water, and transportation systems.

e Promote Green Innovation: Support for
research and development, especially in clean
technologies and climate-smart agriculture, is
essential for enhancing economic complexity
while reducing environmental stress.

o Diversify the Economic Base: Reducing
reliance on resource-intensive and low-
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complexity sectors can help buffer against
external shocks and promote inclusive,
sustainable growth.

e Strengthen Institutional Capacities:
Effective governance, strategic planning, and
adaptive regulation are critical to managing
the complex interplay between climate and
economic variables.

Ultimately, the pathway to sustainable growth in
the face of climate uncertainty lies in fostering
complex, knowledge-based economies that are
agile, diversified, and resilient. The findings of this
study provide a roadmap for MENA countries and
other developing economies seeking to harmonize
their economic and environmental goals.
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