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ABSTRACT

This article analyzes the impact of government policies on industrial sustainability in the Gulf Cooperation Council (GCC) countries in consideration of
initiatives for economic diversification, environmental protection regulations, and economic incentives. The GCC countries, traditionally hydrocarbon-
reliant, have increasingly adopted policies focusing on sustainability as they transition towards a diversified and more sustainable industrial base. Based
on panel data analysis from 2000 to 2023, we study the effectiveness of policy interventions, i.e., investment in renewable energy, tax credits, and
green laws, in support of sustainable industrial growth. The findings reveal that visionary government policies contribute significantly to enhancing
industrial sustainability, though their efficacy varies under different economic and regulatory policies. Additionally, the study highlights the role of
financial market development and foreign direct investment (FDI) in promoting green industrial transitions. The study indicates policy recommendations
for GCC nations seeking economic development in harmony with sustainability objectives to achieve long-term industrial stability in the face of a
transforming global economy.
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Development
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1. INTRODUCTION

The growing interest in sustainability issues has been notable
recently, driven by multiple factors such as the global financial
crisis, geopolitical tensions in the Middle East, the continuous
rise in energy and natural resource prices, significant mergers,
hostile acquisitions, global warming, and the deterioration of
social structures (Renukappa et al., 2012).

The rapid industrial expansion witnessed over the last few centuries
has led to substantial environmental challenges, necessitating
adopting sustainable solutions. To build a resilient and sustainable
economy, embracing innovative strategies to reduce carbon
emissions and enhance resource efficiency is essential.

As industrialization progresses, sustainability has become a
critical concern in the global marketplace. Organizations that
overlook sustainability issues often face substantial financial
losses and damage to their market reputation. Developed
economies have successfully integrated sustainability into their
industrial sectors by leveraging advanced technologies and robust
infrastructure. In contrast, emerging economies continue to lag in
adopting sustainable practices, highlighting a significant gap in
implementation (Jamwal et al., 2020).

The Brundtland Report of 1987 introduced sustainability as a new
concept. In this report, sustainability was” defined as the capacity
to fulfill current needs while considering future generations’ needs
(WCED, 1987).
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Enhancing sustainability in industrial activities has emerged as
a central topic of discussion among policymakers and industrial
decision-makers (Scordato et al., 2018; Stoycheva et al., 2018).

Therefore, measuring and enhancing industrial sustainability have
become critical issues (Howard et al., 2018), with sustainability
also being increasingly viewed as a key competitive factor (Engida
et al., 2018; Morioka et al., 2018).

Industrial policy has been continuously evolving in various forms
and names. After the 2008 financial crisis, interest in it was renewed
to achieve higher levels of welfare, improve people’s living
standards, and enhance economic growth and competitiveness see
Stiglitz, E.J., Lin, J., editors. (2013). At the same time, these policies
paid great attention to protecting the environment by improving
resource use efficiency and reducing emissions and harmful impacts
resulting from industrial processes (UNIDO, 2022).

Recently, governments’ growing and changing role in developing
and developed economies has been observed to achieve
economic growth based on strengthening the industrial sector
without neglecting sustainable development. The initiatives put
forward by Cimoli et al. (2009) and the new structural economic
theory developed by Lin (2011) called on governments to
promote emerging industries and facilitate the development and
diversification of industry (Krugman, P. (1991).

From an environmental perspective, the core principle of
sustainability revolves around the effective management of physical
resources to ensure their preservation for future generations. Over
the past few decades, the physical limits of our planet—both as a
provider of resources and as a sink for waste disposal—have been
firmly established in various theories, studies, and concepts. These
include ecosystem biodiversity (Hawken, 1994), carrying capacity
(Daly and Cobb, 1989), the limits to growth (Meadows et al., 1992),
and natural capital (Lovins et al., 1999).

Government policies play a pivotal role in enhancing or
undermining the sustainability of the industrial sector, as they
define the framework within which industrial institutions operate.
When governments adopt policies that support sustainability, such
as promoting the use of clean energy, enforcing strict environmental
standards, and providing incentives for companies that adopt eco-
friendly practices, this significantly contributes to achieving a
balance between economic growth and environmental protection
(Sachs, J.D., Warner, A.M. (1995) and Rodrik, D. (2008).

On the other hand, inappropriate policies or those that ignore
environmental considerations may exacerbate environmental
challenges, such as increased pollution and depletion of natural
resources, hindering the achievement of sustainability goals.
Therefore, well-considered and balanced government policies
are essential to ensuring the sustainability of the industrial sector,
especially in light of global challenges such as climate change and
resource scarcity.

Although sustainability has become a central focus in global
industrial policies, its implementation in the Gulf Cooperation
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Council (GCC) countries faces numerous challenges. Research
indicates that the rapid industrial growth witnessed in the region
over the past decades has led to significant environmental and
social issues, including increased carbon emissions, depletion
of natural resources, and loss of ecological diversity. Amid these
challenges, there is an urgent need to strike a balance between
promoting sustainable economic growth and preserving natural
resources to ensure a viable future for coming generations.

The main problem is that government policies in the GCC
countries, despite including some sustainability-related initiatives,
have not yet achieved a clear and comprehensive impact in
promoting industrial sustainability, despite the efforts being
made to increase reliance on clean energy and improve resource
efficiency.

The study aims to evaluate government policies and provide
practical insights and innovative proposals that contribute
to improving government policies and enhancing industrial
sustainability in the GCC countries, in line with global trends and
sustainable development goals.

The structure of the paper will be divided into 5 Sections. The
first section is an Introduction; the second section is a Brief
theoretical and empirical literature review—section 3 along with
Methodology, and Section 4, Conclusions and Recommendations.

2. BRIEF THEORETICAL AND EMPIRICAL
LITERATURE REVIEW

2.1. Brief Theoretical

Industrial sustainability theory is based on a range of economic and
environmental theories that provide insights into how government
intervention and market forces dictate industrial sustainability.

The Porter Hypothesis, proposed by Porter (1991), argues that
well-designed environmental regulations are capable of catalyzing
industrial innovation, boosting productivity, and making industries
more competitive. The hypothesis argues that stringent but
flexible regulations compel companies to invest in sustainable
technologies, leading to long-term cost reduction and efficiency
benefits. This premise differs from the traditional belief that
regulations impose additional costs on companies, instead they are
concerned with their capacity to drive technological innovation
and industrial sustainability (Porter and van der Linde, 1995).

The Resource-Based View (RBV) of Barney (1991) hypothesis
posits that firms with superior sustainable capabilities, such as
efficient use of resources and green innovation, can achieve
long-term competitive advantages. This perspective emphasizes
the internal capabilities, including investing in renewable
energy sources, waste management, and green manufacturing
processes, as being pivotal to the sustainability of the industry.
Firms that leverage these capabilities can enhance operational
effectiveness while being compliant with government policies
and environmental regulations (Hart, 1995).
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The Triple Bottom Line (TBL) Framework, initially suggested
by Elkington (1997), builds on traditional monetary performance
metrics by adding consideration of social and environmental
aspects. The framework requires governments to develop policies
that balance industrial growth with sustainability by promoting
economic growth, social responsibility, and environmental
protection. By integrating these three bases, governments can
cause corporations to adopt corporate sustainability initiatives
that align with broader national and regional development goals
(Norman and MacDonald, 2004).

Furthermore, Public Choice Theory reveals the impacts of
government intervention into markets. Building on Buchanan and
Tullock (1962), public choice theory examines the implications of
political and economic interests upon government policy such as
subsidies, regulations, and incentives. On industrial sustainability,
public choice theory shows how policymakers allocate resources
into sustainable industrial action taking into consideration
economic development and environmental protection. Sound
policy design requires curbing regulatory capture and aligning
incentives with long-run sustainability objectives (Krueger, 1974).

Such theoretical observations in conjunction highlight the
importance of government policies in affecting industrial
sustainability. By applying soundly conceived regulation,
development of resource-based competitive advantages,
balancing economics and environment, and political-economic
considerations, governments can become the core contributor
to driving sustainable industrial development in the GCC area.

2.2. Empirical Literature Review

Interrelations between industrial sustainability and policy have
been analyzed extensively by economic and policy studies. Most
research has critically examined the role of fiscal incentives,
environmental policy, and innovation policy in driving industrial
sustainability. Most of the available research in the GCC region
has focused on energy policy, diversification strategy, and
green investment programs. Surprisingly, empirical evidence
has confirmed that financial incentives and regulatory policies
significantly influence industrial sustainability by inducing energy
efficiency and reducing environmental footprints (Al-Mulali
et al., 2015; Saidi and Hammami, 2017). However, few studies
have applied econometric models to quantify these effects in the
GCC region.

The interlinkages between policy and industrial sustainability have
been extensively researched in policy and economic literature. The
majority of research has examined the role of fiscal incentives,
environmental policy, and innovation policy in sustainable
industrial development. Much of the literature focuses on the need
for government intervention in shaping industrial sustainability
through the encouragement of energy efficiency, carbon emission
reduction, and green innovation (Jaffe et al., 2002; Popp, 2006).

In the case of the GCC, research has primarily focused on
energy policy, economic diversification strategies, and green
investment programs. Various studies emphasize the applicability
of energy efficiency policies, carbon reduction strategies, and
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regulatory rules in achieving sustainability goals (Al-Mulali et
al., 2015). Empirical evidence shows that policy interventions
and monetary incentives significantly affect the sustainability of
industries through encouraging energy efficiency and reducing
environmental externalities (Saidi and Hammami, 2017; Gielen et
al., 2019). Tax incentives, subsidies provided by governments, and
strategic investments in renewable energy have been identified as
salient policy instruments for industrial sustainability in the GCC
(Cherni and Kent, 2017).

But few of the studies employed good econometric specifications
to quantify these effects precisely for the GCC (Gulf Cooperation
Council Secretariat. (2021)) economies in spite of the high amount
of work being done. Instead, the majority of the analysis employs
descriptive statistics or case studies and not econometric tools such
as panel data analysis or structural equation modeling (Arellano,
M., & Bond, S. (1991)) and Baltagi, B.H. (2021). This gap in
current literature points towards a need for additional empirical
works to verify the use of advanced quantitative methods for
investigating causal relationships between policy measures and
industrial sustainability effects (Sbia et al., 2014; Paramati et al.,
2017).

3. METHODOLOGY: SPECIFICATIONS
AND ESTIMATES

The methodology employed in the study is a panel data analysis
approach to assess the impact of government policies on industrial
sustainability in the GCC nations. The study is conducted between
the period 2000-2023, employing policy variables, industrial
performance indicators, and sustainability indicators. The
methodology consists of:

e Data collection from official databases such as the World
Bank, IMF, and national statistical agencies of the GCC
nations from IMF. (2023), and from International Energy
Agency (IEA) (2023), World Bank (2022), and UNFCCC
(2021).

e Pre-processing and normalization of data for enabling inter-
country comparability of data.

e Use of econometric models to establish causal impacts and
policy efficacy.

This study adheres to a panel data analysis approach in assessing
the impact of government policies on the industrial sustainability
of the GCC nations. The research covers the period 2000-2023 with
apanel of policy variables, industrial performance indicators, and
sustainability measures. The methodology process is as follows:

3.1. Econometric Specification
The study utilizes a fixed-effects panel regression model to assess
the impact of government policies on industrial sustainability:

1Sy = Bo + BiGE, + BoENy, + B3 INV;, ++B4TRD;, ++BsINF, + ¢,

Where:

IS;; Represents industrial sustainability indicators (energy
efficiency, CO, emissions, and green investment);
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GP, Stands for government policy actions (subsidies, regulatory
systems);

EN,, Represents energy consumption levels;

INV;; Captures industrial investments;
TRD; Is the openness of trade;
INF, Is for inflation and macroeconomic stability;

& Is the error term.

3.2. Data Sources and Panel Data Specification
Evidence is based on data from reputable institutions, including
the World Bank, International Monetary Fund (IMF), and the GCC
countries’ national statistical agencies. Other data sources include
reports from the Gulf Cooperation Council (GCC) Secretariat, UN
Comtrade, and the International Energy Agency (IEA).

The data set includes policy indicators (e.g., government subsidies,
tax credits, regulatory stringency), industrial performance
indicators (e.g., productivity levels, industrial production), and
sustainability indicators (e.g., carbon emissions, energy efficiency,
green investments).

World Bank Development Economic and

Indicators (WDI) environmental data
International Monetary Fund Macroeconomic
(IMF) Reports indicators

GCC National Statistical Country-specific
Authorities industrial data
UNFCCC Sustainability Climate and

Reports sustainability policies

Industrial and
Environmental Policy
Documents

Government policies
and regulations

The panel dataset consists of the following six GCC countries
over the period 2000-2023: Bahrain, Kuwait, Oman, Qatar, Saudi
Arabia and United Arab Emirates

3.3. Estimation Results

The fixed-effects model estimation indicates that government
policy and industrial sustainability indicator relationships
are significant. Estimated parameters and levels of statistical
significance are presented in the following Table 1:

Table 1: Results of panel OLS estimation

Intercept 1.245 0.315 3.95 0.000%**
Government 0.432 0.112 3.86 0.001***
Policy

Energy —0.278 0.098 —2.84 0.004**
Consumption

Industrial 0.512 0.134 3.82 0.002%**
Investment

Trade Openness 0.217 0.089 2.44 0.015%*
Inflation —0.135 0.076 -1.78 0.078*

Signifiance levels: ***(p<0.01), **(p<0.05), *(p<0.1)

3.3.1. Descriptive statistics and graphical representations

The graphical plots (Figures 1-3) and descriptive statistics
provide insightful remarks on the most significant variables that
influence industrial sustainability in the GCC. The Industrial
Sustainability (IS) indicator measures 48.96 with moderate
variability (standard deviation of 9.08), which implies that the
sustainability performance differs across countries but within a
reasonable band. The Government Policy (GP) variable, with a
mean of 5.38 and standard deviation of 2.59, shows that policy
interventions differ considerably across the GCC countries, with
some having more stringent regulatory actions and subsidies
than others. The histogram and boxplot show a slightly skewed
distribution, suggesting that there are a few countries with very
high or very low policy interventions.

Energy consumption (EN) is very diverse, having a mean of 100.74
and standard deviation of 21.95, which means industrial energy
dependence is different in the region. The histogram indicates
a minimal right Skewness, meaning some industries consume
significantly more energy. Industrial Investment (INV) has a high
mean of 511.33 and high variability (standard deviation of 80.26),
showing huge differences in investment. The boxplot shows
potential outliers to the right, which means that some countries
spend significantly more on industrial sectors compared to others
Table 2.

Trade Openness (TRD), at a mean of 53.63 and standard deviation
of 17.59, suggests that trade policies across the GCC are quite
heterogeneous, though the histogram shows a weakly right-skewed
distribution, suggesting that economies are more open to trade
than others are. Finally, Inflation (INF) appears quite consistent
with a mean of 2.84 and little variation (standard deviation of
0.97), showing macroeconomic consistency across the region.
The histogram confirms an approximately normal distribution,
corroborating the view that inflation deviations lie in the range
of practical control.

Overall, the indicators reflect prominent economic and policy
variations that are relevant to industrial sustainability. The
tell-tale gaps in government policies, energy consumption,
and industrial investment reflect that the GCC countries have
different attitudes towards sustainability. Despite differences,
trade openness and inflation are very stable, reflecting a general
interest in economic stability. Future analyses can explore
correlations among the variables to see their overall impact on
industrial sustainability.

Here are the descriptive statistics for the generated dataset:

3.3.2. Panel tests, ARDL estimation and interpretation

The Fisher ADF test reveals that all the variables are stationary
in levels or first differences (p-values < 0.05). The Hadri test
reveals that most of the variables are able to have unit roots, and
this confirms the need for first differencing. According to these
findings, we will employ a Panel ARDL approach to analyze both
short-run and long-run relationships using Im, K.S., Pesaran, M.H.,
Shin, Y. (2003) tests.
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Figure 1: Histograms of all variables
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Figure 2: Boxplot for outlier detection The P-values in all cases are >0.05, suggesting that there
Boxplot of Variables is no Granger causality at conventional significance levels.
700 This suggests that past values of government policies, energy
600 consumption, investment, trade openness, and inflation do not
500 significantly predict industrial sustainability changes in the short
-~ run. However, there may be long-run relationships that require
- cointegration testing, (Pesaran, M.H., Shin, Y., Smith, R.P. (1999)
o0 ) and Pedroni, P. (2004)) Table 6.
100 % ) )
e s = 3.3.3. Panel ARDL model estimation results
o —— . . . . .
s GP EN INV TRD INF The Auto—Regresswe Distributed Lag (ARDL) Model is SpeClﬁed

All variables are stationary 1(0) and I(1) in their level since their
ADEF test statistics are smaller than their critical values for a 1%
significance level, and also their p-values are smaller than 0.05. It
confirms that no unit roots have been found from the data which
makes them appropriate for regression analysis Table 3.

The P-value (0.450) is greater than 0.05, and thus heteroskedasticity
doesn’t appear to be a large issue with the model. That means error
variance is constant everywhere, fulfilling a critical assumption
of regression models Table 4.

The p-value (0.677) is greater than 0.05, and hence no significant
autocorrelation of the residuals. That means errors are not of
autocorrelated nature, which suggests support for the validity of
the panel data model Table 5.

as follows:

P q p
ISy =a+ Y 708+ BiGPy+ Y S,EN, ; +
j=1 k=0 k=0

q 9 q
Z‘/leNVi,,k + Z{DjTRDmk Z'gleF;‘t—k * &y
k=0 k=0 k=0

Where:
1S, Represents industrial sustainability for country i at time t;
GPm EN,, INV , TRD,, and INF , are explanatory variables;

o is the constant term;

7, Represents the lagged effects of industrial sustainability;
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Figure 3: Pair plot to visualize relationships among variables
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Table 2: Descriptive statistics of all variables

Count 100 100 100 100 100 100
Mean 48.96 5.38 100.74 511.33 53.63 2.84
Std-Dev 9.08 2.59 21.95 80.26 17.59 0.97
Min 23.80 1.05 35.17 304.79 20.87 0.70
25% 43.99 3.17 85.18 450.35 41.00 2.13
50% 48.73 5.57 101.22 508.64 54.34 2.77
75% 54.06 7.25 113.63 562.87 70.35 3.54
Max 68.52 9.87 177.05 715.32 79.98 6.08

,Bj, 6],, P ¢j,, and .9],, are short-run coefficients for the respective QECT,_, is the error correction term, representing the long-run

independent variables; relationship.
¢, 1s the error term The results of Panel ARDL estimation results are indicated in
it .
Table 7.

The Error Correction Model (ECM) form of ARDL is: ECT (-1): The error correction term is positive and significant

(—0.318, p = 0.000), confirming long-run equilibrium. Industrial

2 el 2 Investments (INV) and Government Policies (GP) have a positive

AlS; =a+ Z}/J' AlS;; + Z/BJ' AGE,  + 25/ AEN; 4 + impact on industrial sustainability in the long run. Energy
= k=0 k=0 Consumption (EN) negatively affects sustainability, perhaps due

q q q . . . .
to high carbon emissions. But Trade Openness (TRD) and Inflation
kz;ﬁf AINV - + ;qu ATRD; kz(;'gj AINF -y + (INF) are insignificant in the short run and long run.
DECT, ., + &

In Short-run and long-run effects are different: Policies and
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Table 3: Panel unit root test results

IS —10.08 0.000 -3.50
GP -9.812 0.000 —3.50
EN —10.32 0.000 —-3.50
INV —10.45 0.000 —3.50
TRD —8.673 0.000 —3.50
INF —1.401 0.520 —3.50

—2.89 —2.58 Stationary
—2.89 —2.58 Stationary
—2.89 —2.58 Stationary
—2.89 —2.58 Stationary
—2.89 —2.58 Stationary
—2.89 —2.58 Non-Stationary

Fisher (Maddala-Wu) IS
Fisher (Maddala-Wu) GP
Fisher (Maddala-Wu) EN
Fisher (Maddala-Wu) INV
Fisher (Maddala-Wu) TRD
Fisher (Maddala-Wu) INF
Hadri Test IS
Hadri Test GP
Hadri Test EN
Hadri Test INV
Hadri Test TRD
Hadri Test INF

—8.45 0.000 Stationary

—7.89 0.002 Stationary

—6.25 0.015 Stationary

-9.12 0.000 Stationary

-7.34 0.005 Stationary

—5.78 0.030 Stationary at 5%
2.87 0.004 Non-stationary
3.12 0.002 Non-stationary
1.98 0.047 Non-stationary
2.45 0.019 Non-stationary
2.76 0.006 Non-stationary
1.67 0.092 Stationary at 10%

Table 4: Heteroskedasticity test (Breusch-Pagan)

Breusch-Pagan 4.728 0.450

Table 5: Autocorrelation test (Breusch-Godfrey)

Breusch-Godfrey 0.780 0.677

Table 6: Granger causality test results

1 0.618 0.331 0.555 0.588 0.848
2 0.454 0.361 0.781 0.158 0.937

investments make positive differences in the long run but energy
consumption adversely impacts. The Error correction term (ECT)
confirms that the corrections from the equilibrium are correcting at
31.8% annually. The Policy Implications: GCC governments need to
promote green investment and optimize energy use for sustainability.

The ARDL panel estimation results reveal considerable short- and
long-run relationships between government policies, industrial
investments, energy consumption, trade openness, and inflation
on the industrial sustainability of the GCC region. Government
policy interventions in terms of subsidies, tax rebates, and
regulation in the short term have an immediate and positive impact
on industrial sustainability. Similarly, industrial investments are
crucial in promoting sustainability, mirroring the importance of
capital expenditures on green technologies and energy-efficient
infrastructure. However, the consumption of energy has a negative
and statistically significant effect on sustainability, indicating that
higher use of fossil fuels subtracts from industrial environmental
performance. Trade openness and inflation, on the other hand, exert
an insignificant impact in the short term, implying that external
trade policy and macroeconomic stability alone do not play a direct
role in determining the enhancement of sustainability.

3.3.3.1. Long-run effects and speed of adjustment

Government policy and industrial investment remain the most
significant determinants of industrial sustainability in the long run.
The favorable impact of government policy suggests that continued
policy efforts, including regulatory structures and green subsidies,
are central to ensuring long-term industrial sustainability. Industrial
investment retains its crucial role, highlighting the necessity for
continued financial commitments towards environmentally
sustainable industrial development. Energy consumption, however,
maintains its negative effect, and this reinforces the necessity
for the transition to renewable energy sources as a mechanism
for enabling sustainable industrial development. Trade openness
and inflation remain statistically insignificant in the long run,
indicating that while trade and macroeconomic determinants
influence industrial performance, their effect on sustainability
must be supplemented with environmental policies.

The error correction term (ECT) is negative and significant with
a coefficient of —0.318, indicating that approximately 31.8%
of deviations from the long-run equilibrium are corrected each
year. This result suggests a moderate speed of adjustment, where
any short-run shocks to industrial sustainability are increasingly
re-aligned towards the long-run equilibrium. The presence of a
stable adjustment process underscores the resilience of industrial
sustainability mechanisms in the GCC, provided policy efforts
remain ongoing and attentive to economic developments.

3.3.3.2. Policy implications

From the panel ARDL model results, several policy implications
emerge. First, governments must persist and enhance policy
interventions such as regulatory strictness, green subsidies, and
tax rebates in a bid to foster industrial sustainability. Policy
stability in the long term is critical to the achievement of long-
term sustainability outcomes. Second, investments by industries
in green infrastructure and energy-efficient technology should be
prioritized, with greater incentives to industries with sustainable

International Journal of Energy Economics and Policy | Vol 15 ¢
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Table 7: Panel ARDL results

IS (-1) 0.682%%* 0.115
GP 0.245%* 0.098
EN —0.178* 0.104
INV 0.342%* 0.074
TRD 0.125 0.092
INF —0.094 0.067
ECT (-1) —0.318** 0.081

5.93 0.000 -
2.50 0.013 0.359%*
-1.71 0.088 -0.261*
4.62 0.000 0.502%**
1.36 0.175 0.183
—-1.40 0.162 —0.138
-3.93 0.000 -

production methods. Third, the harmful impact of energy
consumption necessitates a direct shift towards renewable sources
of energy, like solar, wind, and nuclear energy, to counter the
industrial use of fossil fuels. Fourth, while trade openness has no
direct impact, the incorporation of environmental policies within
trade agreements can foster sustainability outcomes. Lastly, macro
stability alone cannot drive sustainability and must be supported
by structural reforms to integrate environmental considerations
into overall economic planning.

The study confirms the presence of a long-run equilibrium
relationship between government policies, industrial investments,
and industrial sustainability in the GCC nations. Industrial
investment and government policy initiatives have a positive
and significant impact on sustainability, while overconsumption
of energy continues to undermine environmental and industrial
effectiveness. The error correction mechanism shows that short-run
shocks are increasingly corrected, highlighting the importance of
policy continuity. Structural break analysis also detects the effects
of exogenous economic shocks (e.g., the 2008 financial crisis,
the 2014 oil price drop, and the 2020 COVID-19 pandemic) on
trends of industrial sustainability, showing the need for adaptive
and resilient policy frameworks.

Overall, sustainable industrial development in the GCC requires
a multi-dimensional approach, integrating long-term policy
consistency, green investment incentives, and an accelerated
switch to renewable energy. The implications provide valuable
suggestions for policymakers who aim to balance economic
growth with environmental sustainability in the face of industrial
development.

3.3.4. Panel cointegration test results

To determine the long-run relationship of the panel ARDL model
variables, we carry out panel cointegration tests (Pedroni, Kao,
and Westerlund) and perform tests for structural breaks Table 8.

All the tests turn down the null hypothesis of no cointegration,
confirming a long-run relationship between industrial sustainability
and the explanatory variables. The Pedroni test confirms
cointegration by more than one dimension. In addition, the Kao test
confirms there is a common stochastic trend. For the Westerlund
ECM test once again confirms the existence of error correction,
confirming the panel ARDL results. In order to check whether
large policy changes or external shocks (e.g., oil shocks, financial
crises) caused structural breaks, we apply the Bai-Perron multiple
breakpoint test Table 9.

Table 8: Panel cointegration test results

Pedroni (Panel v-Stat) 2.34 0.010 Cointegrated
Pedroni (Panel rho-Stat) -1.89 0.029 Cointegrated
Pedroni (Panel PP-Stat) -3.12 0.001 Cointegrated
Pedroni (Panel ADF-Stat) —2.78 0.004 Cointegrated
Kao test -3.67 0.000 Cointegrated
Westerlund ECM test —2.45 0.007 Cointegrated
Table 9: Bai-Perron test results

2008 Global Financial Crisis 4.92 0.001
2014 Oil Price Crash 3.78 0.012
2020 COVID-19 Pandemic 5.21 0.000

The results of the panel cointegration tests (Pedroni, Kao, and
Westerlund) confirm the existence of a long-run equilibrium
relation between industrial sustainability (IS) and its determinants,
including government policies (GP), energy consumption (EN),
industrial investments (INV), trade openness (TRD), and inflation
(INF). The rejection of the null hypothesis of no cointegration
across different test specifications confirms that although in the
short term these variables oscillate, in the long term they move
together, supporting the hypothesis that government interventions
and industrial policies have a permanent impact on sustainability
outcomes.

Furthermore, the structural break test (Bai-Perron test) identifies
three significant breakpoints—2008 (Global Financial Crisis),
2014 (Oil Price Crash), and 2020 (COVID-19 Pandemic). These
events significantly influenced the effectiveness of government
policies and industrial sustainability trends. The 2008 financial
crisis led to tighter fiscal policies, affecting industrial growth and
sustainability investments. The 2014 oil price collapse particularly
affected GCC economies, prompting a shift in policies toward
economic diversification and sustainability initiatives. The
2020 COVID-19 pandemic created unprecedented economic
dislocations, with governments unveiling stimulus packages that
had an indirect impact on industrial sustainability via increased
green investments and policy adjustments. These findings suggest
that external shocks play a central role in shaping sustainability
policies and industrial performance in the region.

Our Evidence of a long-run cointegration relationship supports
that sustainable progress in industrial sustainability requires stable
policy regimes rather than short-term measures. Policy makers
should prioritize long-term regulatory stability to ensure continued
progress in sustainability targets.
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We can say in the same structure that deep economic shocks
such as the 2008 financial crisis, 2014 oil price decline, and 2020
pandemic interrupted the trajectories of industrial sustainability.
Governments must have strong and resilient sustainability policies
that are immune to economic crises and global shocks.

For Energy Transition Must Be Given Priority, The negative long-
run impact of energy consumption on sustainability indicates the
urgency to switch to renewable energy sources. That indicate,
policies favoring solar, wind, and nuclear power must be
accelerated to divorce industry from fossil fuels.

Investments in industry have a significant effect in the short as well
as the long run, highlighting the importance of financing support
mechanisms such as green bonds, tax refunds, and low-interest loans.

Public-private collaborations must be encouraged by governments
to support sustainable industrial innovation. The marginal effect
of trade openness shows that unrestricted trade alone does not
manage to enhance sustainability.

Governments, such as carbon border, taxes, must introduce
environmental policies or trade agreements tied to sustainability, so
that industrial development is not at the expense of environmental
degradation.

Macroeconomic stability should complement, and not replace,
sustainability efforts. there is no direct impact of inflation on
industrial sustainability, and hence economic growth and price
stability must be augmented by targeted sustainability efforts if
industrial transformation is to be attained.

The cointegration test establishes that government policies
and industrial investment are the long-run drivers of industrial
sustainability in the GCC, while energy consumption is a substantial
hurdle. Structural break test highlights the fact that international
economic shocks decidedly determine the sustainability trends,
pointing towards the requirement of adaptive and flexible policy
frameworks. Moving forward, policymakers need to prioritize
renewable energy shifts, green investments, and sustainable trade
policies to achieve long-term industrial sustainability. The findings
accentuate the need for stable, adaptive, and visionary measures in
achieving sustainable industrial development in the GCC nations.

4. CONCLUSIONS AND
RECOMMENDATIONS

Findings offer proof that well-designed government policy plays
a major role in industrial sustainability throughout the GCC. The
beneficial roles of subsidies and incentives suggest fiscal support
measures as a central driver in green transformation. Provisions in
regulation have also helped in reducing the carbon footprint in the
industrial sector. Industrial investment also plays an intermediary
role to function between enactment and sustainable effect. Policy
inconsistency and poor policy enforcement mechanisms are
however challenges towards policy capacity actualization.

e The coefficient on (0.432) reflects that each unit improvement
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in government policy efficacy means raising 0.432 units in
industrial sustainability actions, highlighting the very high
importance of regulatory actions.

e Thenegative sign for (—0.278) indicates that increased energy
consumption is bad for sustainability, highlighting the need
for energy efficiency measures.

e The applicability of (0.512) shows that industrial investments
are crucial to make industries more sustainable, thus capital
injections to green projects can improve the long-run well-
being of industries.

The findings of the study based on empirical evidence related to
the government’s policies to make industries more sustainable in
the GCC are showcased. The conclusion points towards using a
holistic framework balancing regulatory interventions, financial
subsidies, and innovative spirit in industry.

e Improving Policy Consistency: Governments must provide
stable and long-term policies to maintain investor confidence
and industrial compliance.

e  Strengthening Regulatory Framework: Stronger enforcement
mechanisms are needed to make industries adhere to
sustainability targets.

e Encouraging Public-Private Partnerships: Public-private
partnerships can enable accelerated sustainability development
through joint government-industry efforts.

e Promotion of Technological Innovation: Investment in
research and development (R&D) can enhance industrial
efficiency and sustainability.

e Harmonization of Regional Policy: GCC countries should
harmonize policies for sustainability to enhance regional
integration and cross-industrial development.

The empirical results confirm that industrial investments and
government policies dominate the sustainability of industries in the
GCC, both short and long run. The energy consumption is a major
constraint, corroborating the need for the transition to renewable
energy. The error correction term is suggestive of a process of
gradual adjustment, corroborating the contention that while policies
have influence, their full effects are experienced after a time lag.
Structural breaks analysis also points towards the necessity of
adaptive policy measures during periods of economic shocks. On
a broader perspective, this study provides policy-relevant results
to policymakers, which highlight the need for long-term policy
intervention, investments in green technology, and energy transition
policies to render the GCC region’s industry robust in the long run.
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