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Analytical Study to Achieve Water Resource Sustainability in
Bahrain: Strategic Challenges and Opportunities

Abstract
This study analyzes the most prominent challenges facing water resource management in the

Kingdom of Bahrain, which suffers from an increasing water crisis due to the scarcity of natural
resources and heavy reliance on seawater desalination to secure fresh water. This study reviewed the
impact of climate change and rapid population growth on the increasing water demand, which places
significant pressure on the sustainability of this vital resource. The research methodology relies on
analyzing previous literature and field data on water consumption patterns and desalination
technology efficiency, in addition to examining the role of treated water in reducing the demand for
fresh water. The results highlight that improving water consumption efficiency and expanding the use
of treated water significantly contribute to alleviating pressures on available resources, as these
measures support a balance between supply and demand. Based on the findings of this study, it is
necessary to develop desalination technologies dependent on renewable energy to reduce the
environmental impact and expand the use of treated water in the agricultural and industrial sectors by
improving treatment methods. It also recommends adopting flexible water policies, including variable
pricing systems that encourage rational consumption, and enhancing cooperation among Gulf
Cooperation Council countries to exchange technologies and modern knowledge in water
management. Likewise, this study sought to establish a comprehensive framework that supports
achieving water security and enhancing water resource sustainability for future generations, aiming
to increase Bahrain’s capacity to confront the growing environmental and economic challenges. In
light of the foregoing, this study recommends conducting future research that focuses on evaluating
the effectiveness of sustainable technologies in water desalination, studying consumer behavior
toward rational consumption policies, and exploring innovative solutions to address climate change
and its impact on water resources in Bahrain.

Keywords: Water desalination, water resource management, water sustainability, water balance,
Bahrain
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Technological Development and Environmental Risk Management
Policies: A Study on Influences and Outcomes

Abstract
Technological advancements have significantly impacted the environment, largely owing to the
exploitation of industrial progress since the first industrial revolution and subsequent developments
focused on manufacturing and the improper use of environmental resources. This has led to the
depletion of natural resources, air and water pollution, the spread of diseases and epidemics, and other
environmental impacts resulting from harmful emissions from manufacturing, which have
contributed to climate change, soil pollution, and threats to food and health security. However, an
alternative perspective suggests that technological advancements can play a crucial role in improving
the environmental conditions. Innovations include smart agriculture, clean renewable energy, reliance
on a green economy, and reducing harmful emissions. In addition, modern technologies can be used
in environmental risk management through tools such as early warning systems, remote sensing, big
data analysis, and artificial intelligence. Therefore, this study explored the potential of leveraging
technological development to manage environmental risks and develop policies to reduce such risks.
This will be based on the theory of rationality and the systems analysis approach to make optimal use
of environmental changes in the technological field, thereby formulating effective policies for
environmental risk management and working to reduce their negative impacts and adapt to them. The
findings of this study underscore the critical importance of adopting safe and clean technologies and
utilizing them optimally to mitigate the adverse impacts resulting from the unsustainable exploitation
of natural resources. These irresponsible practices have led to numerous environmental crises and
natural disasters. Accordingly, this represents a significant scientific domain that warrants further
investigation, particularly in leveraging the potential of the Internet of Things (IoT), data storage
technologies, artificial intelligence (Al), and remote sensing to prevent and manage natural disasters
and related crises.
Keywords: Technological development, policies, risk management, environmental changes,

threats, environmental security
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Abstract
E-government is one of the important innovations that has recently changed public administration.
Although many governments have implemented e-government initiatives to reduce corruption in the
public sector, the effectiveness of e-government in this regard is still a subject of debate. This paper
examines the effectiveness of e-government in reducing corruption in the public sector for
168 countries from 2012 to 2022. Thus, this paper studies the relationship between the United Nations
E-Government Development Index (EGDI) as the independent variable and corruption as the
dependent variable, measured by the Corruption Perceptions Index developed by Transparency
International and the Control of Corruption (COC) index alternately. To this end, three models were
estimated: The baseline model examined the overall effect of the E-Government Development Index
on corruption for the whole sample. The second one examined the impact of each sub-indicator of
EGDI, namely, Online Service Index (OSI), Telecommunication Infrastructure Index (TII), and
Human Capital Index (HCI), on corruption, also for the whole sample. Finally, the third model
divided the data set into three subsets: developed, developing, and in-transition countries by adding
a dummy variable to account for the development level, and compared the effect of EGDI on reducing
corruption among the three groups of countries. The models were estimated using Ordinary Least
Squares (OLS) fixed effects. The results of the baseline model showed that e-government can reduce
corruption. As for the second model, results showed that OSI and HCI are significant. Finally, the
third model showed that the impact of e-government on corruption is the highest in developing
countries, followed by in-transition countries, and then developed countries. Therefore, this paper
recommends a multi-faceted approach, encompassing e-government, institutional strengthening,
transparency, and international cooperation to fight corruption effectively. Moreover, future research
should address methodological limitations, such as employing panel dynamic analysis (e.g., GMM),
and incorporate a wider range of indicators, including cultural, behavioral, and religious factors, to
enhance the robustness of the findings.
Keywords: E-government, corruption, transparency, developing countries, developed countries
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Introduction
The digital age has transformed many aspects of life, including how governments operate. E-
government, which uses technology to deliver services and interact with citizens, is gaining attention
worldwide. Although the scope and scale of implementation vary greatly between countries, many
governments have adopted e-government initiatives (Mossberger et al., 2007; Weill and Woerner,
2013; Halpin, 2013).

While definitions of e-government vary, the World Bank offers a comprehensive definition as it
states that e-government is "The use of information technologies (such as Wide Area Networks, the
Internet, and mobile computing) by government agencies that can transform relations with citizens,
businesses, and other arms of government. These technologies can serve various ends: better delivery
of government services to citizens, improved interactions with businesses, citizen empowerment
through access to information, or more efficient government management. The resulting benefits can
be less corruption, increased transparency, greater convenience, revenue growth, and/or cost
reduction" (Kingham, 2003).

This is the most comprehensive definition found in the literature, as it identifies some of the ICT
tools used to implement e-government programs. Moreover, it identifies the main benefits that come
with e-government. However, previous literature presented other definitions for e-government. For
instance, The Department of Economic and Social Affairs (UNDESA) defined e-government as "7The
public sector's use of the most innovative information and communication technologies, like the
Internet, to deliver to all citizens improved services, reliable information, and greater knowledge to
facilitate access to the governing process and encourage deeper citizen participation"
(UNDESA, 2002). This definition is slightly different from the other definition as it focuses primarily
on the relationship between the government and citizens. In addition, it focuses on increasing citizens'
participation. This definition emphasizes the potential of e-government to improve service delivery,
transparency, and efficiency, all of which can combat corruption, a major obstacle to development.

Corruption has long been recognized as a major obstacle to the development of a country. It diverts
public resources, undermines the rule of law, and distorts markets, which in turn hampers economic
growth and social progress. Corruption also erodes public trust in government institutions and
discourages both domestic and foreign investment. As a result, the provision of essential public
services such as healthcare, education, and infrastructure is often compromised, leading to a decline
in citizens' overall quality of life (Mauro, 2002; Villoria et al., 2013; Farrag & Ezzat, 2016).
Economists have turned their attention to this issue a long time ago; however, measuring and reducing
corruption has never been an easy task for countries. The World Bank (1997) defines corruption
simply as "The abuse of public power for private benefit". While governments often try to combat
corruption by strengthening laws and penalties, these traditional methods have proven largely
ineffective (Jain, 2001; Shim and Eom, 2009; Park & Kim, 2020).

Corruption can be classified differently, but the most discussed distinction is between "grand" and
"petty" corruption. Grand or political corruption, occurs at the elite level, where politicians
manipulate policies and systems for personal gain, enriching themselves or their groups. In contrast,
petty corruption involves lower-level public officials who demand bribes from the public in exchange
for services that should be free, often due to a lack of accountability or bureaucratic inefficiencies
(Jain, 2001).
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Additional classifications include coercive versus collusive corruption, based on whether the bribe
is forced or agreed upon by both parties, and systemic versus individual corruption, where systemic
corruption is widespread and entrenched, while individual corruption involves isolated incidents.
Despite these various distinctions, none fully capture all forms of corruption, and this paper focuses
on the petty-grand corruption dichotomy, particularly petty corruption, as it is most relevant to the
study of e-government initiatives designed to address this issue (Tanzi, 2006; Farrag & Ezzat, 2016;
Boisvert, 2019).

Previous studies suggested that e-government reduces opportunities for corruption by minimizing
direct contact between citizens and officials. Additionally, it provides cost-effective platforms for
monitoring and supporting transparent decision-making (Mistry and Abu Jalal, 2012; ElI-
Bahnasawy,2014; Park & Kim, 2020). Developed nations have successfully utilized e-government
for this purpose, but developing countries still face challenges related to infrastructure, cultural
factors, and digital literacy (Ifinedo, 2007; Sodhi, 2016). These hurdles must be addressed to fully
harness the anti-corruption potential of e-government.

Consequently, the main objective of this paper is to explore the relationship between e-government
and corruption theoretically and empirically. In the empirical analysis of this paper, we first estimate
the effect of e-government, measured as the composite index, on the levels of petty corruption in a
country. Given that the composite index consists of three sub-indices, we also investigate which of
the three—OSI, T1I, and HCI— drives the effect of e-government on corruption. Then, a third model
is proposed by dividing the sample into three sub-groups to reflect the three development levels:
developed, developing, and in-transition.

Our empirical analysis is based on a panel data set to test whether e-government can reduce
corruption through three models from 2012 to 2022. The first one estimates the overall effect of e-
government on corruption for all countries with available data for the chosen variables, which are
almost 168 countries. In contrast, the second one disaggregates the E-government Development Index
(EGDI) components. The third one compares the impact of e-government on corruption across
developed, developing and in-transition countries by adding a dummy variable to account for the
development level. In this regard, the OLS fixed and random effects method is applied to three model
specifications, and then the Hausman test is conducted to choose the appropriate model.

To this end, this paper is organized into three sections. The first section explores various corruption
theories and connects them to e-government. The second section reviews the existing empirical
literature to examine the link between e-government and corruption. The third section presents the
empirical analysis, followed by a discussion of the key results and findings. Based on the empirical
outcomes, the paper concludes with policy recommendations.

Theoretical Framework
As corruption is a complex phenomenon, no one theory explains it all. However, several scholars
have tried to explain the causes of corruption and how it can be tackled. Theoretically, the potential
of e-government to reduce corruption can be explained through different theories, such as the
principal-agent theory. According to this theory, conflicts arise when one party acts for another with
information asymmetry. This can lead to self-serving actions by the agent (Ross, 1973). In the
government context, citizens are the principals, and officials are the agents. Corruption occurs when
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the principal cannot monitor the agent effectively, and the agent betrays the principal's interest in the
pursuit of self-interest (Laffont and Martimort, 2002; Miller, 2005; Norris & Moon, 2005; Persson et
al., 2013). Therefore, the principal needs to control the agent and narrow the information gap.
Consequently, it would be crucial to reform the principal-agent relationship to prevent corruption by
reducing the amount of discretionary power given to agents and increasing their accountability to the
principal.

In this regard, e-government can be seen as a powerful tool in restructuring the principal-agent
relationship to decrease corruption through increased access to information, simplifying rules and
procedures, and increased transparency. It also provides detailed data on transactions, making
tracking the actions made by agents easier. It reduces their discretionary power through standardizing
service delivery and encourages accountability. Additionally, it permits the keeping of complete
transaction records, increasing the likelihood of exposure. As a result, e-government may typically
provide disincentives for public servants to commit corruption (Bhatnagar, 2009; Ojha et al.,2008;
Garcia-Murillo, 2013).

While the principal-agent theory has long been used to explain corruption, other scholars have
seen the emergence of collective action theory as an alternative explanation for the persistence of
corruption despite anti-corruption laws. This theory views corruption as a collective problem, where
individuals rationalize their behavior based on the actions of others, leading to corruption becoming
a social norm. People engage in corrupt practices not because they are unaware of their negative
consequences but because they believe it is futile to be the only honest person in a corrupt system
(Marquette & Peiffer, 2015). To address this, collective and coordinated efforts are needed, and e-
government can play a key role by fostering communication, cooperation, and shared responsibility
among local and central governments, as well as private agencies, ultimately helping to reduce
corruption by involving all sectors of society (Appolloni and Nshombo, 2014).

Moreover, scholars have explored the relationship between e-government and corruption through
the lens of General Deterrence Theory (GDT), which posits that individuals are rational decision-
makers who weigh the expected costs and benefits before committing crimes. In the context of
corruption, rational actors are more likely to engage in corrupt acts when the expected benefits
outweigh the perceived costs. To deter corruption, GDT suggests increasing the costs of engaging in
such acts by enhancing the certainty, swiftness, and severity of punishment (Gibbs, 1968).

While e-government may not directly influence the severity or swiftness of punishment, it can
increase the certainty of punishment by improving the monitoring, tracking, and sharing of data,
making it easier to detect corruption and hold individuals accountable. By reducing the opportunities
for undetected corruption, e-government raises the costs of engaging in corrupt behavior, thus
discouraging rational individuals from participating in it (Bhattacherjee & Shrivastava, 2018).

Literature Review
Most of the past literature addressing the relationship between e-government and corruption has
used different approaches and samples to explore this relationship. Some studies have examined this
relationship globally, while others have focused on specific regions or countries. Yet, all these studies
have achieved mixed results. Some empirical studies claim that e-government reduces corruption.
Others have shown that e-government has no significant impact on reducing corruption, and even in
some cases, it creates new opportunities for corruption.
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On a global level, for instance, Seiam and Salman (2024) utilized a panel dataset of 110 countries
spanning 2003-2021 to examine the impact of the E-government Development Index (EGDI) and its
components (OSI, TII, HCI, and EPI) on the Corruption Perception Index (CPI). The study employed
a fixed-effects model, and findings suggest that higher levels of e-government development are
associated with lower levels of corruption. Similarly, Castro and Lopes (2023) used a large panel data
set of 175 countries from 2003 to 2019 and applied random effects and GMM linear models. The
results showed that e-government can be an effective tool in curbing corruption, particularly after
reaching a threshold of 0.39 for the e-government development index. Also, they emphasized the
importance of factors such as political stability, accountability, and sound regulation in enhancing the
impact of e-government on corruption.

In a similar framework, Martins et al. (2021) used two more indices for corruption, along with CPI
and the COC index, which are the International Country Risk Guide (IC_ICRG) and the Public Sector
Corruption Index (PSCI). The study used EGDI for e-government along with a set of control variables
for more than 170 countries from 2002 to 2020. The empirical results suggest that e-government
serves as a deterrent to corrupt activities, highlighting that the potential of e-government to deter
corruption is higher in countries where corruption is moderate or high and economic development is
lower.

Other studies have delved deeper into the moderating factors of the relationship between e-
government and corruption. For example, Park and Kim (2020) studied data from 214 countries from
2003 to 2016, and fixed-effects analysis was applied to explore the role of the rule of law, suggesting
that e-government is more likely to reduce corruption in countries with stronger legal frameworks.
Similarly, Nam (2018) used path analysis instead of OLS to investigate the moderating role of cultural
factors, highlighting that e-government's effectiveness may vary across different cultural contexts.

Further, some studies used both measures of corruption to check for robustness. For example,
Machova et al. (2018) have also used the two corruption proxies and used three different indices for
e-government, namely EGDI, the Networked Readiness Index (NRI) by the World Economic Forum
(WEF), and the ICT Development Index (IDI) by the International Telecommunication Union (ITU)
between 2002 and 2016. The results of the OLS model identified the key factors for a successful e-
government initiative, which are the environment sub-index of the NRI, which assesses the extent to
which a country's market conditions and regulatory framework support entrepreneurship, innovation,
and ICT development; the usage sub-index of IDI, which assesses the level of ICT adoption by a
society's main stakeholders; and the telecommunication infrastructure sub-index of EGDI, measuring
a country's ICT infrastructure capacity.

On a regional/country level, Kalesnikaite et al. (2023) used OLS to analyze data from Latin
America and the Caribbean, a region often affected by corruption. Their study showed that e-
government significantly reduces bureaucratic corruption, particularly in services that avoid direct
interactions between citizens and street-level officials. They examine the impact of e-government
through a composite index and investigate the influence of its sub-indices—OSI, TII, and HCl—on
corruption. The findings indicated that the positive effects of e-government primarily stem from the
OSI sub-index.

Asorwoe (2014) investigated the impact of e-government on corruption in sub-Saharan Africa.
The author stated that Africa remains the region with the lowest ranking in adopting e-government
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technology. Thus, data for CPI, EGDI, and a set of control variables for a sample of 48 countries were
collected, and the empirical findings showed that e-government has the potential to reduce
administrative corruption within public service. Furthermore, Walle et al. (2018) used the same
proxies for corruption and e-government for the same region from 2012 to 2016. The results of OLS
showed that e-government has the potential to reduce corruption, but realizing such potential requires
strengthening law enforcement and political will.

Similarly, Ali et al. (2021) examined the relationship for selected South Asian countries (Pakistan,
India, Bangladesh, and Sri Lanka) from 2003 to 2018. The study incorporated other potential
determinants of corruption, such as government effectiveness, press freedom, and education. The
results of this study indicated that e-government plays a significant role in reducing corruption.

Despite the fact that evidence for the positive effects of e-government initiatives on reducing
corruption is growing, a few studies have found that the implementation of e-government may not
help to reduce corruption. Instead, adopting e-government may encourage corrupt public officials to
enter new practices. On a global level, for instance, Basyal et al. (2018) analyzed panel data from
176 countries between 2003 and 2014 using a probability reduction approach. The study employed
CPI and EGDI along with other potential determinants, such as gross domestic product per capita,
inflation, political stability, government effectiveness, and press freedom indicators. The study found
no significant impact of e-government on corruption, concluding that there was no evidence of an
association between these constructs. Furthermore, Mélon & Spruk (2020) conducted a study on 108
countries from 1996 to 2017 using synthetic control estimation and difference-in-difference
comparison. The findings of this study suggested that the institutional quality effects of e-government
reform are not uniform across countries. The authors further argued that the introduction of e-
government in an environment where prospects for widespread and pervasive corruption that breed
rent-seeking incentives for business actors may have countervailing impacts.

While the above studies examined this issue globally, other studies have focused on specific
regions by applying qualitative analysis. For example, Chernov et al. (2020) examined this
relationship in Azerbaijan as they relied upon interviews given by several citizens of the Azerbaijani
Republic and descriptive statistics of the access to the Internet and the level of corruption in
Azerbaijan in 2013-2017. Based on this, the authors concluded that e-government implementation
within the existing governing bodies can decrease corruption only to a certain point. They further
explained that despite all the achievements and implementation of new digital services, Azerbaijan
took a step backward in its struggle against corruption.

Moreover, Ismail et al. (2020) conducted a qualitative study on a local government in Indonesia
to examine the impact of e-government on reducing corruption. The author reached the conclusion
that, in reality, the use of electronic-based public services or e-government has not been successful in
preventing corruption in Indonesian local government. The author also presented the argument that,
to make this system reliable, an increase in a particular set of social attitudes, the professionalism of
public officials, and public awareness must go hand in hand with the deployment of e-government
and transparency, not just as a result.

In sum, despite the growing research in this field, the impact of e-government on corruption is not
yet confirmed, as some studies have found empirical evidence for the role of e-government in
reducing corruption on the global and regional or specific country levels. On the other hand, a few
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studies have found that e-government initiatives may have no influence on reducing corruption or
may even generate adverse effects. Besides these two extreme points of view, several studies argued
that the ability of e-government to reduce corruption may vary across countries due to economic,
educational, and cultural dimensions. To address this research gap, this study will empirically
investigate the impact of e-government on corruption across a panel of 168 countries from 2012 to
2020. Further, the sample will then be divided into three subgroups based on the development level
to examine whether the effectiveness of e-government in reducing corruption varies across different
levels of economic development.

Empirical Analysis
Model and Variable Specifications
The main objective of this study is to estimate the impact of e-government on reducing perceived
corruption using panel data analysis for 168 countries from 2012 to 2022. Some observations were
dropped due to data availability. Variables and models are specified in the following part.

Dependent Variable

In this analysis, corruption is the dependent variable, and the study uses two measures of corruption
for robustness. The first one is the Corruption Perceptions Index (CPI), issued annually for 180
countries since 1996 by Transparency International (TI). This index initially gives countries a score
from zero to 10 (where zero is highly corrupt and 10 is very clean). However, since 2012, the
methodology of the CPI has changed, as it has given countries a score from zero to 100 (where zero
is highly corrupt and 100 is very clean). Thus, it is worth mentioning that pre-2012 scores are not
comparable with post-2012 scores.

The second measure is the Control of Corruption (COC) index from the World Bank's Worldwide
Governance Indicators (WGI) database. It measures perceptions of the extent to which public power
is exercised for private gain, including petty and grand forms of corruption. The COC scores lie
between -2.5 and 2.5, with higher scores indicating better control of corruption (i.e., lower levels of
corruption).

Independent Variable

The main independent variable of interest in this study is e-government, which is measured by the
E-government Development Index (EGDI). This index is issued by the United Nations for 192
member states as a comprehensive measure of the willingness and capacity of national
administrations to use online technology in executing government functions. The index ranges from
0 to 1, where higher scores indicate a better e-government development level. Mathematically, the
EGDI is a weighted average of normalized scores on the three most important dimensions of e-
government, namely scope and quality of online services (Online Service Index, OSI), status of the
development of telecommunication infrastructure (Telecommunication Infrastructure Index, TII), and
inherent human capital (Human Capital Index, HCI). Each of these sets of indices is a composite
measure that can be extracted and analyzed independently.

Control Variables

The study employs the most important and well-known determinants of corruption as control
variables in the empirical analysis. The first variable is Gross Domestic Product (GDP) per capita.
Wealthier countries have more resources to combat corruption, explaining why poor countries tend
to have higher perceived corruption levels. This study uses the log of GDP per capita (LNGDPPPP)

The International Journal of Public Policies In Egypt, Volume 4, Issue 3 (July 2025) Published by IDSC



The Effect(s) of E-Government on Corruption:
Examining the Role of Development Level

87

to control data variability (Elbahnasawy and Revier,2012; Elbahnasawy, 2014; Kalesnikaite et al.,
2023; Seiam and Salman, 2024). The second one is openness to international trade (TRADE), which
is measured by the sum of exports and imports as a share of GDP. Studies suggest that increased trade
openness enhances market competition, which can discourage corrupt behavior by reducing officials'
monopoly power (Elbahnasawy and Revier,2012; Elbahnasawy, 2014; Kalesnikaite et al., 2023;
Seiam and Salman, 2024).

Also, the rural population (as a percentage of the total population) is included. Its impact on
corruption is debated. Rural populations may be less informed about government processes,
increasing tolerance for corruption. Alternatively, smaller transaction volumes and closer social ties
in rural areas could limit opportunities for corruption or increase potential consequences for corrupt
officials. Additionally, this study also includes the level of law enforcement measured by the World
Bank's Rule of Law Index (ROL). The ROL assesses public confidence in societal rules, contract
enforcement, property rights, policing, courts, and the threat of crime. Higher ROL scores indicate a
stricter rule of law and more effective enforcement, which can potentially deter corruption
(Elbahnasawy and Revier,2012; Elbahnasawy, 2014; Kalesnikaite et al., 2023; Seiam and Salman,
2024).

The following table summarizes definitions and data sources for the dependent, independent, and
control variables.

Table 1
Definitions of Variables
Variable Definition ‘ Source
Dependent Variable
Corruption Perception | The CPI Score relates to perceptions of the degree of | Transparency
Index corruption as seen by businesspeople, risk analysts, and | International
the general public and ranges between 100 (highly clean)
and 0 (highly corrupt).
Control of Control of Corruption captures perceptions of the extent | World Governance
Corruption Index to which public power is exercised for private gain, | Indicators by the

including petty and grand forms of corruption, as well as | World Bank
"capture" of the state by elites and private interests. The
estimate gives the country's score on the aggregate
indicator in units of a standard normal distribution,
ranging from approximately -2.5 to 2.5, with higher
scores corresponding to better control of corruption.

Independent Variable
E-government A comprehensive measure of the willingness and | United Nations
Development Index capacity of national administrations to use online and

mobile technology to execute government functions. The
index ranges from 0 to 1, where higher scores
indicate better e-government.
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Telecommunication Arithmetic average composite of five indicators: (i) | International
Infrastructure Index estimated internet users per 100 inhabitants; (ii)) number | Telecommunication

of main fixed telephone lines per 100 inhabitants; (iii) | Union/ United
number of mobile subscribers per 100 inhabitants; (iv) | Nations
number of wireless broadband subscriptions per 100

inhabitants; and (v) number of fixed broadband

subscriptions per 100 inhabitants.

Human Capital Index It consists of four components, namely: (i) adult literacy | International
rate; (ii) the combined primary, secondary, and tertiary | Telecommunication
gross enrolment ratio; (iii) expected years of schooling; | Union/ United
and (iv) average years of schooling. Nations

Online Service Index It assesses the level of web content accessibility in each | International
country according to the Web Content Accessibility | Telecommunication
Guidelines of the World Wide Web Consortium. This | Union / United
index is based on a four-stage model of online service | Nations
maturity: the emerging online presence with simple
websites; the enhanced information services with the
deployment of multimedia content and two-way
interaction; the online provision of transactional services;
and the connected services where government websites
communicate with citizens using interactive tools.

Control Variables

GDP Per Capita GDP PPP is gross domestic product converted to | WDI

(Purchasing Power international dollars using purchasing power parity rates.

Parity- PPP) An international dollar has the same purchasing power
over GDP as the US dollar has in the United States. GDP
at purchaser's prices is the sum of gross value added by
all resident producers in the country, plus any product
taxes, and minus any subsidies not included in the value of
the products. It is calculated without making deductions
for the depreciation of fabricated assets or for the
depletion and degradation of natural resources. Data are
in constant 2017 international dollars.

Openness to Trade is the sum of exports and imports of goods and | WDI

International Trade

services measured as a share of gross domestic product.

Rule of Law

Rule of Law captures perceptions of the extent to which
agents have confidence inand abide by the rules of society,
particularly the quality of contract enforcement, property
rights, the police, and the courts, as well as the likelihood
of crime and violence. The estimate gives the country's
score on the aggregate indicator in units of standard
normal distribution, ranging from approximately -2.5 to
2.5.

World Governance
Indicators by the
World Bank

Rural Population (% of

total population)

Rural population refers to people living in rural areas as
defined by national statistical offices. It is calculated as
the difference between the total population and the urban
population.

WDI

Source: Prepared by the authors based on the official data sources.
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The specified models are estimated using OLS fixed/random effects models. We then use the
Hausman test to identify the appropriate model among the three models. The baseline model estimates
the general effect of e-government on corruption while controlling GDP per capita, rule of law, trade
openness, and rural population as determinants of corruption, as shown by equation (1.1).
Furthermore, to give more insights, the second model disaggregates the EGDI into its three sub-
indicators and estimates the effect of each one separately on COC and CPI alternately (Kalesnikaite
et al., 2023) while controlling for the same set of control variables as shown in equations (2.1), (2.2),
and (2.3). The first two models are estimated for the whole sample (168 countries).

The third model divides the sample into three groups by adding an interaction term between EGDI
and a dummy variable that accounts for the country's development level'. Three dummy variables are
created to account for three different development levels, namely, developed, developing, and in
transition. The first dummy variable takes the value of 1 if the country is developed and zero
otherwise. The same applied to the second and third dummy variables that account for developing
and transition countries, respectively.? Consequently, two interaction terms are created by multiplying
the EGDI by two dummy variables and then estimated, as shown in equation (3.1).

Clit= Lo+ B1EGDIit +y Zit + €it (1.1)
Clit= o+ B1HCIit +y Zit + €it 2.1)
Clit= Lo+ B1TClit +y Zit + €it 2.2)
Clit= Lo+ B10SIit +y Zit + €it 2.3)

Clit=fo+ B1EGDIit + $2ROL + 2EGDI * Developedit + f3EGDI x Developingit +y Zit+
+it 3.1

Where:

Clit: Corruption Index (either CPI or COC) in country i at time .

EGDIit: E-government Development Index in country i at time ¢.

HClIit:: Human Capital Index in country 7 at time .

TClIit: Telecommunication Infrastructure Index in country i at time t.

OSlit: Online Service Index in country i at time t.

EGDI * Developedt: Interaction term between EGDI and the dummy for developed
in country 7 at time t.

EGDI * Developingi:: Interaction term between EGDI and the dummy for developing in country
I at time t.

Zit: Vector of control variables representing the determinants of corruption.

€it: Error term in country 7 at time .

Descriptive Statistics:

Before proceeding to the empirical analysis, this section includes some descriptive statistics and
correlation analysis for the variables used in the analysis. Descriptive statistics for the variables are
presented in Table (2).

! The classification of the selected countries is based on the classification of the United Nations, 2023
2 The selected countries are presented in Table (1) in the appendix.
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Table 2
Descriptive Statistics
Variable Obs Mean Std. Dev. Min Max
COCSCORE 1980 -.054 971 -1.816 2.407
CPISCROE 1855 43.679 18.893 0 92
EGDI 1979 .536 217 0 976
OSI 1978 504 26 0 1
HCI 1978 .675 199 0 1
TCI 1978 431 255 0 998
LNGDPPPP 1788 9.309 1.147 6.571 11.666
RURAL 1979 41.648 22.607 0 88.806
ROL 1980 -.05 952 -2.423 2.13
TRADE 1850 89.29 53.934 785 396.625

Source: Prepared by the authors based on statistical results.

Table (3) shows the correlation matrix for all variables, which is considered a primary tool to
efficiently describe and measure the strength of relationships between variables of interest in this
study. First, it is evident from the table below that the two corruption indices are highly correlated
(0.98), with all correlation coefficients significant at the 5% significance level. Additionally, there is
a strong positive correlation between CPI-IT and EGDI since higher values of CPI-IT mean lower
levels of corruption. This implies that corruption and e-government are negatively correlated. The
same correlation holds for the COC-WB. In addition, the two measures of corruption have a strong
positive correlation with the three sub-indicators of EGDI, namely, OSI, TCI, and HCI. The two
measures of corruption almost have the same correlation coefficient, with TCI having the highest
correlation, followed by OSI and then HCI. As for the correlation between corruption and the control
variables, it seems that the two measures of corruption are positively correlated with ROL,
LNGDPPPP, and TRADE, with a positive sign. On the other hand, CPI-IT and COC-WB are
negatively correlated with RURAL.

Table 3
Correlation Matrix
Variables ey 2 3 4 ) (6) @) ® © (10)

(1) CPISCROE | 1.000

(2) COCSCORE | 0.986* 1.000

(3) EGDI 0.733* 0.712* | 1.000

(4) OSI 0.641* 0.610* | 0.908* | 1.000

(5) TCI 0.730%* 0.704* | 0.938* | 0.779* | 1.000

(6) HCI 0.637* 0.618* | 0.864* | 0.649* | 0.762* | 1.000

(7) LNGDPPPP | 0.715%* 0.689* | 0.864* | 0.706* | 0.846* | 0.820* 1.000

(8) ROL 0.941%* 0.933* | 0.748* | 0.643* | 0.723* | 0.671* | 0.723* | 1.000

(9) RURAL -0.525%* -0.471* | -0.622* | -0.518* | -0.614* | -0.571* | -0.712* | -0.454* | 1.000

(10) TRADE 0.301* 0.306* | 0.232* | 0.122* | 0.296* | 0.225* | 0.350* | 0.303* | -0.250* | 1.000

#5% (.01, ** p<0.05, * p<0.1

Source: Prepared by the authors based on statistical results.
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Stylized Facts

Before moving to the empirical analysis, some stylized facts are given to provide key insights into
the patterns and relationships observed in the data. Figures (1) and (2) show a scatter plot for COC-
WB and EGDI for the countries included in the analysis at two points in time: 2012 and 2022. The
graphs show a positive association between the two variables, reflected by the upward-sloping lines,
which signifies that higher development levels of e-government are associated with lower levels of
perceived corruption. (higher COC scores).

Figure 2: COC-WB and EGDI in 2012 Figure 1: COC-WB and EGDI in 2022
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Source: Prepared by the authors using data from the WB and the UN.

Figures (3-5) give different insights into the association between e-government and corruption
across countries with different development levels over the period 2012-2022. For instance, Figure 3
plots the relationship between COC-WB and EGDI in developed countries. As is evident, developed
countries are experiencing low levels of corruption, as reflected by the high scores of COC-WB. Also,
this group of countries has high levels of EGDI. In contrast, developing countries are experiencing
high levels of corruption (reflected by the low scores of COC-WB) and lower levels of EGDI
compared to developed countries, as shown in Figure 4. This, in turn, clarifies that, although the
association between COC-WB and EGDI exists in both developed and developing countries, it is much
stronger in the latter than in the former. This is because the role of e-government in reducing corruption
depends on the level of corruption within countries. Accordingly, e-government in these countries will
have a lower potential to reduce corruption, whereas there are already low levels of corruption. In
contrast, it has proved to be more effective in developing countries with higher levels of corruption.

As for the in-transition countries, it is shown in Figure (5) that these countries have different levels
of corruption and moderate levels of e-government development. The Figure reveals a more scattered
relationship between corruption and e-government development, suggesting that the impact of e-
government in these countries remains unclear.
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Figure 4: COC-WB and EGDI for
Developed Countries

Figure 5: COC-WB and EGDI for
Developing Countries

Figure 3: COC-WB and EGDI for in-
transition Countries
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Source: Prepared by the authors using data from the WB and the UN.

Results

For all specifications of the three described models in the previous section, fixed and random
effects were applied. Then we employed the Hausman specification test to choose the appropriate
model. According to the results of the Hausman test, as shown in Table (4), under the current
specifications, it is appropriate to use the fixed effects model. In addition, a VIF test was also
conducted to check for collinearity. Results are shown by tables (5-9), where the highest variance
inflation factor value across all models is 6.83, which is below the common threshold value of 10
(Salmeron et al., 2018) and indicates no serious collinearity issues.

The results of the first model are reported in columns (1-2), which showed a positive and
significant relationship between EGDI and corruption measured by CPI-IT and COC-WB alternately
at a significance level of 10%. This means that the higher the development level of e-government is,
the lower the level of perceived corruption, where an increase in EGDI by 1 unit leads to a decrease
in CPI-IT by 2.349 points and a decrease in COC-WB by 0.109 points. This significant relationship
confirms the correlations previously obtained and strongly verifies the first hypothesis of this thesis
(H1). These empirical findings are in alignment with the findings of many previous studies, including
Elbahnasawy (2014), Martins et al. (2021), Kalesnikaite et. al. (2023), and others.

Moving on to the results of the second model, which disaggregates the components of EGDI to its
three sub-indicators, columns (3-4) show that OSI has a positive and significant relationship with
both measures of corruption (CPI-IT and COC-WB) at 10% and 5% significance levels, respectively.
Similarly, columns (5-6) show that HCI has a positive and significant relationship with the two
measures of corruption, with a significance level of 5% and 10%, respectively. In contrast,
surprisingly, TCI has an insignificant effect on both measures of corruption, as shown in columns (7-
8). This suggests that the impact of e-government on corruption is mainly driven by the OSI and HCI.

Turning to the results of the third model, it is evident from columns (9-10) that EGDI is statistically
significant at 1% with both measures of corruption. Also, as shown, the interaction terms of the
developed countries are significant at 1% with both measures of corruption. Meanwhile, the
interaction terms of the developing countries are significant, at 1% with CPI-IT and 5% with COC-
WB. According to the coefficients of the interaction terms, the impact of e-government on reducing
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corruption is lower for the developed countries by 0.75 and 0.137 points compared to the in-transition
countries. However, it is higher for developing countries at 0.29 and 0.106 points compared to the
in-transition countries.

As for the control variables, ROL is statistically significant at 1% across all models with a positive
sign. This supports the argument that enforcement of laws is an important factor in the fight against
corruption. Likewise, LNGDPPPP is found to be significantly positive in both models at different
significance levels. This supports the argument that rich countries can devote more resources to
fighting corruption. These results were supported by many scholars, such as Jain (2001),
Elbahnasawy (2014), Elbahnasawy and Revier (2012), and Kaufmann, Kraay, & Mastruzzi (2010).
On the other hand, trade and rural population are found to be insignificant in all estimated models,
which contradicts the results of the correlation analysis along with some previous studies (Treisman,

2007; Elbahnasawy, 2014).

Table 4
Results of the Hausman test
D @) B B B ©) ) ®) ©) (10)
CPIIT | COC-WB | CPIIT | COC-WB | CPIIT | COC-WB | CPIIT | COC-WB | CPLIT | COC-
WB
Chi- 321.53 321.53 329.24 | 301.94 318.13 299.491 | 325.344 | 307.875 | 284.478 | 269.377
square
test
value
P-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Source: Prepared by the authors based on statistical results.
Table 5
VIF for the first model
CPI-IT COC-WB
VIF VIF
LNGDPPPP 6.375 5.97
EGDI 4917 4.833
ROL 2.836 2.536
RURAL 2.537 2.24
TRADE 1.197 1.194
Mean VIF 3.572 3.354
Source: Prepared by the authors based on statistical results.
Table 6
VIF for the second model
CPI-IT COC-WB
VIF VIF
LNGDPPPP 5.97 4.856
EGDI 4.833 2.788
ROL 2.536 2.548
RURAL 2.24 2.534
TRADE 1.194 1.221
Mean VIF 3.354 2.789

Source: Prepared by the authors based on statistical results.
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Table 7
VIF for the third model
CPI-IT COC-WB
VIF VIF
LNGDPPPP 6.831 5.527
HCI 3.538 3.191
RURAL 2.536 2.242
ROL 2.417 2.239
TRADE 1.182 1.164
Mean VIF 3.301 2.872
Source: Prepared by the authors based on statistical results.
Table 8
VIF for the fourth model
CPI-IT COC-WB
VIF VIF
LNGDPPPP 5.542 5.24
TCI 4.011 3.897
ROL 2.754 2.405
RURAL 2.563 2.249
TRADE 1.156 1.148
Mean VIF 3.205 2.988

Source: Prepared by the authors based on statistical results.

Table 9

VIF for the fifth model
CPI-IT COC-WB
VIF VIF
LNGDPPPP 6.375 5.971
EGDI 5.001 4.949
ROL 3.678 3.169
RURAL 2.544 2.241
EGDI*developed 2.274 2.185
TRADE 1.2 1.195
Mean VIF 3.512 3.285

Source: Prepared by the authors based on statistical results.
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Discussion

As claimed by previous studies, E-government can play a significant role in reducing perceived
corruption in the public sector while considering a variety of factors, including the effectiveness of
law enforcement, the level of development in the country, the degree of openness to international
trade, and others. Therefore, the previous part intended to empirically examine the effect of e-
government on corruption to verify this assumption. According to the results from the baseline model,
we can infer that e-government can be used effectively to fight corruption. These results are consistent
with those of El-Bahanasawy (2014), Nam (2018), Zuffova (2020), Martin et al. (2021), and others.

Further, despite the fact that many authors have examined the impact of e-government on
corruption, few papers have examined the components of the EGDI to know the main constituents
that drive the impact of e-government on corruption. This study contributes to the literature by
examining the OSI, HCI, and TCI separately on corruption. However, these results need to be
interpreted with caution. The results showed that OSI and HCI are significant constituents working
together to reduce corruption. The increased offering of online services and the resultant reduction in
direct communication between citizens and bureaucrats limit petty corruption in a country. This
finding emphasizes the role of online platforms in facilitating communication between the public and
government institutions. The use of mobile applications, data analysis, artificial intelligence, and
websites contributes to the fight against corruption by increasing access to public information,
digitizing government services, monitoring officials' operations, and facilitating corruption reporting.
What was surprising is that TCI is not significant, which means that although having a sound
technological infrastructure is an important requirement for transforming the traditional government
into an electronic one, this transformation still does not guarantee that corruption will be reduced.
Yet, it depends on the level of education and participation of the citizens or businesses.

This study also compared the impact of e-government on corruption across developed, developing,
and in-transition countries. This comparison showed different insights, as the results showed that the
impact of e-government on corruption is the highest in developing countries, followed by in-transition
countries, and then developed countries.

Limitations and Future Research

Several limitations are identified in the empirical analysis used, which should be considered when
interpreting the conclusions. For example, the empirical findings are mostly determined by the
variable specification, the control variables included, the number of countries included and their
characteristics, and the time and methodology used for the analysis. Furthermore, there may be certain
limitations to the current research, which are primarily due to the presence of missing data in
corruption measures and some control variables. Furthermore, we believe that the likely endogeneity
of several explanatory factors (such as e-government and GDP per capita) is a source of constraint
for our findings.

Consequently, future study extensions are suggested that should attempt to fill gaps in the existing
literature and address methodological issues in the empirical analysis used. Different estimation
approaches, such as panel dynamic analysis (i.e., GMM), can be employed to account for
endogeneity. Furthermore, other WGI sub-indicators, such as cultural, behavioral, and religious
indicators, could be addressed in the future. Furthermore, this empirical analysis might be extended
in terms of country coverage or across time to test the robustness of the reported results.
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Conclusion and Policy Recommendations

Corruption is a serious problem that threatens the achievement of economic development goals in
different countries, and it can also cause government inefficiency. Corruption is defined as using
public power to gain personal or private gains. Therefore, countries have been trying to fight
corruption with different approaches, yet these approaches have not successfully reduced corruption,
as it is still prevailing in all countries with varying degrees. Recently, there has been much focus on
the role of e-government in reducing corruption in the public sector. Previous studies have claimed
that e-government can be used as one of the key tools to fight corruption. It is argued that e-
government reduces the incentives for corruption by removing the direct contact between citizens and
public officials.

Developed countries have gone a long way in implementing e-government, while developing
countries are still struggling to adopt this method to control corruption due to technical, cultural, and
other challenges. Despite that, previous studies that empirically examined this claim have reached
mixed results, as some studies claim that e-government can successfully reduce corruption. Other
studies have shown that e-government has no significant effect on reducing corruption, and even in
some cases, it has countervailing effects.

Consequently, this paper examined empirically the role of e-government in reducing corruption
for a panel of 168 countries from 2012 to 2022. The results showed that e-government can effectively
reduce corruption. After that, this impact was compared across developed, developing, and in-
transition countries. The results revealed that the influence of e-government on decreasing corruption
is greater in developed countries than in developing and in-transition countries.

Based on the preceding review and analysis, the paper proposes the following policy implications:

* While e-government initiatives offer significant potential to reduce corruption, a
comprehensive approach is necessary to address this complex issue effectively. Countries
should combine e-government strategies with other measures, such as strengthening
institutions, promoting transparency and accountability, and enhancing international
cooperation. By adopting a multi-faceted approach, governments can create a more robust and
resilient anti-corruption framework

* Although developed countries have made significant progress in implementing e-government,
developing countries continue to face challenges due to a variety of contextual factors such
as resource constraints, a lack of digital infrastructure, low literacy levels, poor basic
education, a lack of internet access, particularly among rural populations, a low level of
technological adaptation, poor IT literacy, and political aspects that revolve around lack of
cyber laws, low budget allocation among others. Thus, developing countries must make
greater efforts to overcome these obstacles and benefit from e-government.

« To improve the efficiency of e-government, governments must review their laws,
administrative manuals, and codes to make them amenable to e-government, as results have
proved that law enforcement facilitates the influence of e-government on the corruption level.
This should be done to ensure that government processes can be moved to e-government
channels. In cases where the e-government service has been offered alongside outdated laws
and procedures, its utility to the citizen or business could be marginal.

* To fully leverage the potential of ICTs in the public sector, governments must invest in the
training and retraining of their workforce. Governments can enhance service delivery,
improve efficiency, and foster innovation by equipping public servants with the necessary
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digital skills. Regular training programs should focus on a range of ICT skills, including data
analysis, cybersecurity, and digital literacy. Additionally, it is essential to create a supportive
work environment that encourages the adoption of new technologies and continuous learning.

* To avoid creating new forms of corruption after the implementation of e-government, security
measures must be strategically incorporated in all phases of implementation, starting from the
design phase. Cybersecurity is a critical component of resilient e-government systems.
Governments can protect sensitive information and prevent cyberattacks by implementing
robust security measures, such as encryption, firewalls, and access controls. Additionally,
regular security audits and training programs for government employees can help to mitigate
the risk of cyber threats.
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Table 1

Countries included in the study

Appendix

Australia * Afghanistan ¢ Egypt ¢ Marshall Islands ¢ | South Africa ¢
Austria * Algeria ¢ El Salvador ¢ Mauritania 9 Sri Lanka ¢
Belgium® Angola ¢ Equ?toriil Mauritius ¢ Sudan ¢

Guinea
Bulgaria* Antigua and Eswatini ¢ Mexico ¢ Suriname ¢
Barbuda ¢
Canada* Argentina ¢ Ethiopia ¢ Mongolia ¢ Thailand ¢
Croatia* Bahamas ¢ Fiji ¢ Morocco ¢ Timor-Leste ¢
Cyprus* Bahrain ¢ Gabon ¢ Mozambique ¢ Togo ¢
Czech Republic*| Bangladesh ¢ Gambia 9 Myanmar 9 Tonga ¢
Denmark* Barbados ¢ Ghana ¢ Namibia ¢ Trinidad and
Tobago ¢
Estonia* Belize ¢ Grenada ¢ Nauru ¢ Tunisia ¢
Finland* Benin ¢ Guatemala ¢ Nepal ¢ Turkey ¢
France* Bhutan ¢ Guinea ¢ Nicaragua ¢ Tuvalu ¢
Germany* Bolivia ¢ Guinea-Bissau Niger ¢ Uganda ¢
d
Greece* Botswana ¢ Guyana ¢ Nigeria ¢ United Arab
Emirates ¢
Hungary* Brazil ¢ Haiti ¢ Oman ¢ United
Repub
lic of
Tanzania ¢
Iceland* Brunei Honduras ¢ Pakistan ¢ Uruguay ¢
Darussalam ¢
Ireland* Burkina Faso ¢ India ¢ Palau ¢ Vanuatu ¢
Italy* Burundi ¢ Indonesia ¢ Panama ¢ Vietnam ¢
Japan* CA'tedIvoirey Iran  (Islamic| Papua New Guinea Zambia ¢
Republic of) ¢ d
Latvia* Cabo Verde ¢ Iraq ¢ Paraguay ¢ Zimbabwe ¢
Lithuania* Cambodia ¢ Israel ¢ Peru ¢ Albania T
Luxembourg* Cameroon ¢ Jamaica ¢ Philippines ¢ Armenia "
Malta* Central Jordan ¢ Qatar ¢ Azerbaijan
African
Republic
d
Netherlands* Chad ¢ Kenya ¢ Rwanda ¢ Belarus "
New Zealand* Chile ¢ Kiribati ¢ Saint Kitts and| Bosniaand
Nevis ¢ Herzegovina
T
Norway* China ¢ Kuwait ¢ Saint Lucia ¢ Georgia
(Country) T
Poland* Colombia ¢ Lao  People's| Saint Vincent and | Kazakhstan T
Democratic the Grenadines ¢
Republic ¢
Portugal* Comoros ¢ Lebanon ¢ Samoa ¢ Kyrgyzstan T
Romania* Congo ¢ Lesotho ¢ S0 Tomé and Montenegro T
Principe ¢
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Slovakia* Costa Rica ¢ Liberia ¢ Saudi Arabia ¢ North
Macedonia T
Slovenia* Cuba ¢ Libya ¢ Senegal ¢ Russian
Federation T
Spain* Democratic Madagascar ¢ Seychelles ¢ Serbia T
Republic of
the Congo ¢
Sweden* Djibouti ¢ Malawi ¢ Sierra Leone ¢ Tajikistan T
Switzerland* Dominica ¢ Malaysia ¢ Singapore ¢ Turkmenistan
T
United Kingdom Dominican Maldives ¢ Solomon Islands ¢ Ukraine T
of Britain* Republic ¢
United States of Ecuador ¢ Mali ¢ Somalia ¢ Uzbekistan T
America*

(') Referstodeveloped countries, (d) refers to developing countries,and (T) refers to transition countries.
Source: Prepared by the authors.

The International Journal of Public Policies In Egypt, Volume 4, Issue 3 (July 2025) Published by IDSC



2025 55~ (3) 330 - 4 A« e b alall il 31 A e dams clend 103
ISSN: Print: 2812 - 4758 , Online: 2812 - 4766 O da| o)

raleadl) Ao duig Sty dagSal) il
datil) (Ggiawa ga Ay

oaliiual)
AL e all e 5all clgiadl 8 Aalell 5laY) cope Al YT aal e £ SSIY) Lo Sall 2
sl 13 b A SV AasSal) Bl ld ld caled) o Uadll 8 sl (g 2all Lgalasinls ilegSall (g paal
Alall o Unall 8 Sldll e an) & g ST 2o gal) Bl ld dabyall 038 (papi Bl L 3l pdase JI5 Lo
aa¥) ydise G AL Auhall sda Jlat ccargd) 138 3iaaly 2022 N 2012 (e 55l DUs Asa 1681
e Al g (il i) ojlicls aledlly (il aaiall ojliiel g pSIY1 dagSal) gkl sasiiall
23 B g gLl slesdl) Andl€a ji5ag Adsal) A8ladl) daliie gieuny ) Sldll S0 a5 Pl
AasSall pohail Basiall ad¥) jisal S V) Al ) Z3gal) s A gail) e EDN Sl
skl Baaial) adY) dgal Lacyill chdsall e IS A Auhal B 2 dgailly caldll e L 5SIY)
Sl Oy e e LoD dtianll &) Hd5ag ccuifiY) e cilandl) Hdge 1oy iy S dasSall
slo &g S dagall il sanial) adY) jdge S AN deall (e chpals ol e gyl
5sSial zilall lusial S A Aaye e S Jeally Anelilly Aasitiall Joall (p bl (e 2al
auig SO dasSall ol (AgY) Al o) 3 gaill 3 Caac s B AN SEY) jlasil ulas aladsly
(i) e lerdll Hdse of S z3sall @l copglil clly Lo sdle L aludl) e aall Wb 1o
Y LD Al did) ydige o) o) el Loty colusdll (pa 0l Alled dnaal 93 (gydll Jlall Gy ydigas
J<a 5ol e 508l Ll Zaalill Joall o Callill 2 dgail) iy cpedal sy oladl) e ik 4l G
(I LA Alsyes e Al Joally Aadiiall Joalls 43jle slesill Aa8l<a 8 Ag FSIY) AosSal) o S|
oo &g SSIY) Ao oSall limiliind ey Jody cobusdl) Aa8lSd Cilsal) daete mgd g Lol Aygl) o8 o
G eelld e sdle . Joall 0pslal ety cAlelusally Aladll ity cctlascogall Ju3at zfie Al yuln
Jue o) bl saagd Sualin Jidas ahadvial Jie cdngiall sl i) cndl Joliw o
S5 einally ASsladly AlED Jalgad) @y 8 Lo ccdall (e sl de gana (aais «(GMMJa
ol 48
alall g Undll (Alelioe (Audladl) coliadl) ¢dig pSTY) dasSall sl Clalslf



The International Journal of Public Policies In Egypt- Volume 4, Issue 3 (July 2025)
ISSN: Print: 2812-4758, Online: 2812- 4766

Published by IDSC

Investigating the Impact of Real Exchange Rate and
Current Account Deficit on External Debt in Egypt
During the Period (1980-2022)

Assistant Professor of Economics, Faculty of Economic Studies and Political Sciences, Egypt
rania.elsharqgawy@alexu.edu.eg

erﬂ‘ul:g)\qd\gw‘}:}clez«bﬂé}mﬂﬁwﬂi
(2022-1980) & o2t JMA jane ‘“_,3 ‘“_,::Jb'-d‘

aa i€y daals Apaliad] aslally Aaslaid¥ el judl 348 LBV uyie
rania.elsharqawy@alexu.edu.eg

= DOI: 10.21608/ijppe.2025.443491 URL: http://doi.org/ 10.21608/ijppe.2025.443491
m Received: 17/09/2024, Accepted: 08/04/2025

= Citation: Elsharkawy, R. (2025). Investigating the impact of real exchange rate and current
account deficit on external debt in Egypt during the period (1980-2022). Ve \ntermational
Journal of Pudhic Palicies n EQyRY, A(3), 104-122.



105
The International Journal of Public Policies In Egypt, Volume 4, Issue 3 (July 2025) Rania Anis Elsharkawy

ISSN: Print: 2812-4758, Online: 2812- 4766
Published by IDSC
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Abstract

This study examines the impact of the real exchange rate, the current account deficit, and their
combined effect on external debt in Egypt. This study employed the ARDL bounds testing procedure
for annual time-series data spanning 1980-2022. This study finds a long-run cointegration
relationship between variables in the empirical model. The results reveal that real exchange rate
depreciation and current account deficits stimulate external debt. However, their combined effect is
that real exchange rate depreciation negatively moderates the impact of the current account deficit on
external debt in Egypt. This finding suggests that real exchange rate depreciation can act as a buffer,
thus reducing the impact of the current account deficit on external debt. Accordingly, this study
recommends that government policies should reduce foreign currency-denominated debt to reduce
exposure to exchange rate risks, develop domestic capital markets to provide alternative sources of
financing, reduce reliance on external debt, utilize hedging instruments such as currency swaps to
mitigate the impact of exchange rate fluctuations on external debt, address the causes of the current
account deficit by improving export competitiveness, and adopt import substitution strategies to
enhance the effectiveness of real exchange rate adjustments.
Keywords: Exchange rate, current account deficit, external debt, combined effect, Egypt
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Introduction
In 2020, total global debt surged to an unprecedented level of around USD 226 trillion and 263
percent of global GDP (Kose et al., 2021). This significant increase can be attributed to the outbreak
of the COVID-19 pandemic and the associated recession witnessed worldwide. Global external debt
accumulation was further amplified by the Russia-Ukraine War in 2022 and other country-specific
factors.

Rapidly increasing debt has not only been experienced by developing and transition economies
but also by developed economies. Governments depend on various internal and external sources to
finance expenditures and implement development policies. In developing countries, public debt is a
crucial tool for increasing public expenditures and accelerating economic growth. However,
overdependence on borrowing may result in severe unfavorable economic consequences, such as a
high debt service burden, crowding out of private investments, and increased vulnerability to
economic shocks. Unsustainable debt levels can drain government revenues, induce capital flights,
and lead to defaults (IMF, 2021).

Additionally, indebted governments face four risk sources. Public debt is perceived as the main
risk factor. However, a high external debt-to-GDP ratio increases the vulnerability of government
finances to external shocks. Debt maturity is also a risk factor. Short-term debt maturity exposes
governments to refinancing risk. Moreover, high-debt services expose the economy to debt spirals
and impose further challenges on debt management (Kose et al., 2020). Finally, government liabilities
are considered a hidden source of fiscal risk (Polackova, 1998).

External debt escalates due to several internal and external economic and political factors. Internal
economic factors include a lack of domestic financial resources, reduction in international reserves,
insufficient foreign exchange, past accumulated debt, high debt service payments, and persistently
rising fiscal and current account deficits. Political challenges such as political instability, corruption,
and poor institutional quality may also trigger external debt accumulation. On the other hand, rising
energy and commodity prices, high global interest and inflation rates, and wars are among the most
important external drivers of external debt (Okwoche & Nikolaidou, 2024; Tarek & Ahmed, 2017;
Tiruneh, 2004).

For several decades, Egypt relied on external debt to finance its growing deficits. Egypt’s external
debt has been increasing by 6% annually since 1980. However, the Egyptian economy has
experienced successive cycles of debt accumulation over the past decade. In 2016, the Egyptian
government secured a conditional loan from the International Monetary Fund (IMF) contingent upon
liberalizing the exchange rate regime and devaluing the Egyptian pound (IMF 2016). This devaluation
increases the cost of borrowing and contributes significantly to external debt accumulation in Egypt
(Hashem and Fahmy, 2019). The outbreak of the COVID-19 pandemic in 2020, followed by the
Russia-Ukraine War in 2022, worsened the government’s fiscal and external positions. In 2022,
external debt, external debt to GDP ratio, and external debt service surged significantly to USD 163
billion, 34.2% and USD 17.9 billion, respectively (World Bank, 2023). This continuous increment
raises concerns about external debt sustainability and raises the following questions: To what extent
do real exchange rates and current account deficits affect external debt? What are the combined effects
of Egypt’s external debt?

Unlike the most recent empirical studies on the determinants of Egypt’s public debt (Abdu, 2020;
Alnashar, 2019; Hashem & Fahmy, 2019), and external debt (Youssef, 2024; Ghaly, 2023), this study
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focuses on investigating the impact of real exchange rates, current account deficits, and their
combined effect on external debt. The relative importance of the study is reinforced by its time span,
which covers the major changes witnessed by the Egyptian economy, including the structural
adjustment programs adopted, successive domestic currency devaluations, and international
economic events, such as financial crises and the recent COVID-19 pandemic. The findings of this
study will serve as a catalyst for policymakers in Egypt to manage external debt sustainably.

The remainder of this paper is organized as follows. Section 2 presents an overview of the
theoretical and empirical literature. Section 3 presents an analytical overview of Egypt’s exchange
rate development, current account deficit, and external debt. Sections 4 and 5 present the model
specification, data, and econometric methodology. Section 6 presents the empirical results. Section 7
concludes the study and offers policy recommendations.

Literature Review
This section outlines the theoretical framework of this study. Then, empirical literature examining
the impact of the exchange rate and current account deficit on external debt is presented.

Theoretical Framework

The relationship between current account deficit and external debt can be explained by the "Two
Gap" model introduced by Chenery and Strout (1966) and the "Three Gap" model extended by Bacha
(1990). Both models are perceived as extensions of the growth model. In their seminal works, Harrod
(1939) and Domar (1946) assert that the desired growth rate of a country depends on capital
accumulation, which in turn depends on the savings rate. The two-gap model posits that there are two
primary gaps constraining economic growth in any country: the savings—investment gap and the
foreign exchange gap. A savings—investment gap occurs when a country's domestic savings are
insufficient to finance the desired level of investment required for economic growth. However, a
foreign exchange gap arises when a country's export earnings are inadequate to cover import
payments. The "Two Gap" model is derived from the expenditure approach of GDP calculation in an
open economy without government intervention and can be expressed by equations 1 and 2:

Y=C+I+X-M (1)
S—I=X-M 2)

where Y is income, C is consumption, I is investment, X is exports, M is imports, and S is savings.
S-1is the savings—investment gap, and X-M is the foreign exchange gap.

According to Chenery and Strout (1966), if the savings—investment gap is not equal to the foreign
exchange gap, foreign capital inflows are required to eliminate this difference between the two gaps.
Bacha (1990) extended the "Two Gap" model to include a third gap, which is the fiscal gap. The
"Three Gap" model is formulated in an open economy with government intervention as follows:

X=M=S-D+(T-06) 3)

where T and G are the government revenue and expenditure, respectively, and (T-G) is the fiscal
surplus.

The Three-Gap Model illustrated in equation (3) provides a framework for understanding how
domestic economic imbalances (savings-investment gap, fiscal deficit) and external imbalances
(current account deficit) interact to drive the accumulation of external debt.

The International Journal of Public Policies In Egypt, Volume 4, Issue 3 (July 2025) Published by IDSC



Investigating the Impact of Real Exchange Rate and Current Account
108 Deficit on External Debt in Egypt During the Period (1980-2022)

According to the Marshall-Lerner Condition, domestic currency depreciation makes a country's
goods and services relatively cheaper than those of foreign countries. This causes an increase in
foreign demand for domestic goods and services, and hence stimulates domestic exports.
Furthermore, domestic currency depreciation makes foreign goods and services more expensive than
domestic ones. This causes a decrease in the demand for imports (Blanchard, 2017). Consequently,
domestic currency depreciation increases export competitiveness and improves the country’s trade
and current account balances. Marshall-Lerner provided a condition that a currency depreciation will
improve the trade balance only if the sum of the price elasticity of demand for exports and the price
elasticity of demand for imports is greater than one.

While currency depreciation can potentially enhance export competitiveness, it may initially have
a negative short-term impact on a country’s trade balance. This phenomenon is known as the J-curve
hypothesis (Rodseth, 2000). The J-curve describes the initial deterioration of the trade balance
following currency devaluation before it eventually improves. This is because the immediate impact
of depreciation often involves increased import costs, whereas export volumes may take time to
adjust.

On the other hand, recent economic literature emphasized the “currency mismatch” and “balance
sheet effects” of domestic currency depreciation on external debt. Cespedes et al. (2001), Aghion et
al. (2004), and Berganza et al. (2004) argue that exchange rate depreciation increases a country’s
external indebtedness. This impact is more significant for countries with substantial foreign currency-
denominated debt. When domestic currency depreciates, servicing these foreign currency debts
becomes significantly more expensive, increasing external indebtedness and vulnerability to the debt
crisis.

Empirical Literature

Various empirical studies have analyzed the impact of exchange rates and current account deficits
on external debt. In studying the impact of current account deficits on external debt in Sri Lanka
during the period (1971-2012), Nath (2023) found that current account deficits have a negative effect
on the debt-GDP ratio in the long run. However, in the short run, current account deficits were found
to positively affect the debt-GDP ratio. In a comparative study between two groups of countries (12
oil and gas exporting and 12 oil and gas importing countries) for a period spanning 2004-2013,
Waheed (2017) showed that the current account deficit has a significant positive impact on external
debt in oil-exporting countries. Beyene and Kustoz (2020) show that trade deficit, government budget
deficit, saving-investment gap, and debt service increased external debt in Ethiopia during the period
(1981-2016); however, inflation, trade openness, and real GDP growth reduced external debt
accumulation.

Empirical literature on the impact of exchange rates on external debt is extensive. Utilizing the
linear and nonlinear autoregressive distributed lag (ARDL) model in Indonesia, Nazamuddin et al.
(2024) find that the exchange rate increases external debt in the country. In addition, the results of the
nonlinear ARDL estimation show that the effect of the foreign exchange rate on external debt is
asymmetric, where the depreciation of the Indonesian rupiah leads to an increase in the country's
external debt, while its appreciation leads to a decline in the country's external debt. Using time series
data from Pakistan for 1973 to 2021, Zahra et al. (2023) examine the impact of the real effective
exchange rate, fiscal deficits, foreign direct investment, and economic expansion on external debt.
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The results confirm that the real effective exchange rate, foreign direct investment, fiscal deficit, and
economic growth positively and significantly affect external debt in the long run. However, in the
short run, the real effective exchange rate and fiscal deficit negatively impact external debt, whereas
economic growth positively affects external debt.

Based on cross-country analysis, Dawood et al. (2021) employed a panel generalized method of
moments (GMM) to investigate the impact of the exchange rate, among other determinants, on
external debt for a panel of 32 Asian developing and transitioning economies during the period (1995-
2019). The results indicate that the exchange rate positively impacts external debt. Adamu (2019)
used the Johansen Cointegration approach and the vector error correction model (VECM) in Nigeria
during the period (1970-2017). The results reveal that domestic currency devaluation, fiscal deficit,
and debt relief increase external debt, while gross domestic savings and international oil prices reduce
external debt. Adane et al. (2018) used the ARDL model on time-series data from 1981 to 2016 in
Ethiopia. The results revealed that the exchange rate, primary budget deficit, and domestic savings
positively impact Ethiopian external debt accumulation, while the inflation rate and resource balance
negatively affect external debt.

Using the ARDL cointegration technique, Al-Fawwaz (2016) found that exchange rate, trade
openness, and terms of trade had a positive impact on external debt, whereas gross domestic product
per capita had a negative impact on external debt in Jordan during the period (1990-2014).
Additionally, Adamu and Rasiah (2016) found evidence that the exchange rate and fiscal deficit
increased external debt in Nigeria during the period (1970-2013). In Pakistan, Awan et al. (2015)
concluded from the VECM estimates that domestic currency depreciation, government fiscal deficit,
trade openness, and escalated external debt, while terms of trade had a negative impact on external
debt during the period (1976-2010). In a study conducted on five MENA countries (Tunisia, Morocco,
Egypt, Jordan, and Turkey) using cointegration for the period (1970-2006), Neaime (2009) found that
despite the enormous external debt accumulated in Egypt, the devaluation of the Egyptian Pound
stimulated export competitiveness, decreased the current deficit, and reduced pressure for servicing
enormous external debt.

The literature provides a crucial foundation for this study by highlighting the individual impacts
of both exchange rate and current account deficits on external debt. The literature review reveals that
previous studies obtained different results regarding the impact of exchange rates and current account
deficits on external debt. Furthermore, empirical studies have investigated the individual impacts of
exchange rates and current account deficits on external debt, often treating these variables in isolation.
However, there is a significant gap in the literature regarding the combined and interactive effects of
these two factors. Accordingly, this study aims at addressing this gap by empirically testing the
following hypotheses.

Hypothesis (1): There is a positive relationship between the real exchange rate and external debt in
Egypt during the period (1980-2022).

Hypothesis (2): There is a positive relationship between current account deficit and external debt in
Egypt during the period (1980-2022).

Hypothesis (3): There is a negative and significant combined effect between the real exchange rate
and the current account deficit on external debt in Egypt during the period (1980-2022).

The International Journal of Public Policies In Egypt, Volume 4, Issue 3 (July 2025) Published by IDSC



Investigating the Impact of Real Exchange Rate and Current Account
110 Deficit on External Debt in Egypt During the Period (1980-2022)

Analytical Overview on Exchange Rate, Current Account Deficit, and External Debt in Egypt

Development of Exchange Rate and Current Account Balance in Egypt

Figure (1) depicts the development of the exchange rate and current account balance in Egypt during
the period (1980-2022). The current account balance in Egypt recorded a deficit during most of the
study period. During the 1980s, the current account deficit increased steadily because of the open-
door policy that was adopted in 1975. However, in 1987, the current account balance showed slight
improvement. This can be attributed to establishing the free foreign exchange market and the
devaluation of the Egyptian Pound, which has improved the confidence of foreign investors and
boosted Egyptian exports (Dissou and Nafie, 2021).

Figure 1
Exchange rate and current account balance in Egypt over the period (1980-2022)
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Source: Prepared by the author based on data from World Development Indicators (WDI).

In the early 1990s, the current account balance witnessed a surplus of USD 3.4 billion in 1991 due
to the corrective measures implemented by the Egyptian government through applying the Economic
Reform and Structural Adjustment Program (ERSAP). Under the ERSAP, the foreign exchange
market was liberalized to unify the multiple rates that existed in the foreign exchange market. The
exchange rate of the Egyptian pound devalued from 1.55 (LE/USD) in 1990 to 3.4 (LE/USD) in 1991
(World Bank, 2023).

During the period (2002 -2007), the current account balance witnessed surpluses. It peaked at USD
3.9 billion in 2004. This improvement coincided with the successive devaluations of the Egyptian
pound in 2001and 2002, and the adoption of a floating exchange rate regime in 2003 (Dissou and
Nafie, 2021). Since 2008, the current account deficit has witnessed an increasing trend. This was
mainly due to the decline in Egyptian exports after the global financial crisis in 2008, in addition to
the decline in tourism revenues and loss of foreign investors' confidence after the 2011 revolution. In
2017, the depreciation of the Egyptian pound to around 17.8 (LE/USD) was accompanied by a
significant decline in the current account deficit by approximately 60%. During the period (2016 -
2022), there was an apparent co-movement between the exchange rate and the current account
balance, where the current account deficit reached USD 10.5 billion in 2022 (World Bank, 2023).
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Development of External Debt in Egypt During the Period (1980-2022)

According to the World Bank, external debt comprises five broad categories: public, publicly
guaranteed, private non-guaranteed long-term debt, short-term debt, and IMF credit utilization.
During the first half of the 1970s, Egypt’s external debt was relatively moderate. However, it began
to gradually increase in the mid-1970s. In 1974, it reached USD 2.21 billion due to the economic
consequences of the October 1973 war. It further jumped to USD 6.36 billion in 1976 following the
implementation of the open-door policy in 1975, which resulted in a significant increase in imports
and hence a chronic current account deficit (Sharaf, 2022; Youssef, 2024). Figure (2) illustrates the
development of external debt in Egypt during the period (1980-2022).

Figure 2
External debt stocks and external debt to GDP ratio in Egypt over the period (1980-2022)
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Source: Prepared by the author based on data from World Development Indicators (WDI).

During the 1980s, external debt in Egypt increased. It reached USD 27.3 billion, almost equal to
the country’s GDP in 1982. This is mainly due to the unprecedented increase in the fiscal deficit that
peaked at 25.3% of GDP and the current account deficit that reached 6.7% of GDP. In 1988, the
external debt increased to USD 46.15 billion, and simultaneously, the external debt-to-GDP ratio
reached its peak of approximately 132% of the country’s GDP. This significant increase can be
attributed mainly to macroeconomic imbalances that arose during that period. Additionally, foreign
exchange revenues experienced a sharp decline due to several internal and external factors, including
a slowdown in international economic growth rates and a decline in international oil prices, which
was accompanied by a reduction in Egyptian workers’ remittances and a sudden drop in Suez Canal
revenues (Helmy, 2022). Furthermore, tourism revenue was adversely affected by successive terrorist
attacks during this period. As a result, foreign exchange reserves declined from 13% of total external
debt in 1980 to 5.5% in 1989, and consequently, the Egyptian pound depreciated by 85% against the
USD from 0.7 LE/USD in 1980 to 1.55 LE/USD in 1990.

By the beginning of the 1990s, external debt indicators showed significant improvements. Total
external debt stocks decreased by around 12% from USD 33.3 billion in 1990 to USD 29.2 billion in
2000. The external debt-to-GDP ratio declined to 29.28% in 2000 compared to 87.20% in 1991.
Moreover, the external debt service-to-export ratio decreased from 47.2% in 1990 to 4.9% in 2000.
This improvement can be attributed to the implementation of the Economic Reform and Structural
Adjustment Program (ERSAP) in 1991 to reduce structural imbalances, in addition to external debt
rescheduling and relief by the IMF, World Bank, and other creditor countries such as the United States
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and Gulf Council Countries (GCC) (Mohieldin & Kouchouk, 2004). This also increased foreign
exchange reserves to external debt ratios from 10.9% to 48.8% during the period (1990-2000).

The global economy witnessed an international financial crisis in 2008, whereas Egypt’s external
debt steadily increased to USD 36.8 billion in 2010. The Arab Spring uprisings in 2011 and their
adverse economic and political consequences contributed to a severe fall in foreign exchange reserves
by around 60% from USD 37 billion in 2010 to USD 14.9 billion in 2013. This foreign exchange
shortage was reflected in the total external debt, reaching USD 46.3 billion in 2013. In 2014, the
external debt, however, dropped to USD 41.7 billion due to the development grants and donations
received from the GCC countries (Central Bank of Egypt, 2015).

Since 2015, Egypt’s external debt has sharply increased. It climbed from USD 49.8 billion in 2015
to USD 163 billion in 2022. This could be attributed to several factors. First, the IMF provided the
extended fund facility to Egypt in accordance with the economic reform program launched by the
Egyptian government in 2016 (IMF, 2019). Subsequently, the use of IMF credit increased from USD
1.25 billion in 2015 to USD 21.75 billion in 2022. Second, there were successive devaluations of the
foreign exchange rate, whereas the Egyptian pound lost around 90% of its value during the period
(2016-2022). Finally, the slowdown of the global economy during the COVID-19 pandemic has
reduced foreign capital inflows to Egypt.

External debt accumulation is further complicated by rising external debt payments. Meanwhile,
escalating external debt during the period (2015-2022) was associated with an increase in external
debt service by approximately fivefold, from USD 3.7 billion in 2015 to USD 17.9 billion in 2022,
representing more than 3% of the country’s GDP and 23% of its export revenues.

Model Specification and Data
Using the three-gap model as a theoretical framework and based on Beyene and Kustoz (2020),
the baseline model specified to investigate the impact of the exchange rate and current account deficit
on external debt in Egypt takes the following functional form.

EDt = YO+Y1REXt + )/2 CADt + )/3SGt + )/4, FDt + VSGDPPCt + VGRESt + St (4)

where ED; is external debt as a percentage of GDP, REX; is the real exchange rate (LE/S$), CAD,
is the current account deficit as a percentage of GDP, SG; is the saving-investment gap as a percentage
of GDP, FD; is the fiscal deficit as a percentage of GDP, GDPPC, is the gross domestic product per
capita, and RES; is the total reserves as a percentage of external debt.

To examine the combined effect of the exchange rate and current account deficit, both variables
interact, and the interaction term is added to Equation (4). Therefore, the empirical model is expressed
as:

ED; = Yo+Y1REX; + v, CAD; + y3REX, * CAD;, + Y4 SG; + ysFD;+ y6GDPPC; + y,RES; + & (5)

where y, is the constant term and y; to ¥, are the coefficients of the model variables. &; is the
white noise error term.

The conditional marginal effect of current account deficit on external debt is obtained by the first
derivative of equation (5) with respect to real exchange rate as follows:

OLNED;

acaD, Y2 + V3LnREX,
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The real exchange rate (LE/ USD) is expected to positively affect external debt because domestic
currency depreciation increases the cost of external debt and its service burden, resulting in debt
accumulation. Current account deficit is expected to positively affect external debt because it reflects
the need for a country to borrow from abroad. The interaction term captures how the effect of the
current account deficit on external debt changes as the real exchange rate varies. The sign of the
interactive term between the real exchange rate and current account deficit is ambiguous. A negative
coefficient implies that real exchange rate depreciation may weaken the effect of the current account
deficit on external debt. Exchange rate depreciation may improve the trade balance and, hence,
narrow the current account deficit by increasing the competitiveness of exports in global markets and
simultaneously increasing the domestic price of imports. In addition, domestic currency depreciation
can make domestic assets, such as stocks and bonds, more attractive to foreign investors. This can
increase foreign capital inflows, which can help finance current account deficits and reduce the need
for external borrowing. In contrast, a positive coefficient of the interaction term implies that real
exchange rate depreciation may reinforce the impact of the current account deficit on external debt.
This occurs when exchange rate depreciation induces capital flights and signifies the deterioration of
the trade balance by increasing the cost of imports, thus amplifying the current account deficit.

Domestic macroeconomic imbalances, such as the saving-investment gap and fiscal deficit, are
expected to positively impact external debt because they reflect the insufficiency of domestic
resources that create an urgent need for external borrowing. Economic growth ( proxied by per capita
GDP) is expected to negatively affect external debt. A higher income level increases a country’s
dependency on domestic resources, instead of resorting to external borrowing. Foreign exchange
reserves are expected to negatively affect external debt. High external reserves, including foreign
currency assets, deposits, securities, gold reserves, and IMF Special Drawing Rights (SDRs),
substitute for external debt to finance international payment imbalances.

Annual data on the official exchange rate (LE/USD), current account balance (percentage of GDP),
domestic savings (current LCU), gross fixed capital investments (current LCU), consumer price index
(2010=100) for Egypt and United States, Gross domestic product (current LCU), foreign reserves (as
a percentage of external debt), and per capita gross domestic product (constant LCU) were drawn
from the World Development Indicators (WDI) of the World Bank. In contrast, annual data for fiscal
deficit (percentage of GDP) were extracted from the Ministry of Finance (MOF) and the Egyptian
Central Agency for Public Mobilization and Statistics (CAPMAS). The real exchange rate is
calculated using the consumer price index (CPI) of both Egypt and the United States as follows:
official exchange rate of Egypt X CPI of the USA/ CPI of Egypt. The saving investment gap
(percentage of GDP) is calculated as the difference between gross domestic savings (current LCU)
and gross fixed capital investments (current LCU) as a ratio to the gross domestic product (LCU). All
variables are expressed in their natural logarithms, except the saving—investment gap and current
account deficit, as they may take either positive or negative values throughout their time series.

Econometric Methodology
To obtain robust results, this study employed an autoregressive distributed lag (ARDL) model. The
ARDL model is advantageous compared with other time-series regression models. While the
cointegration methodology of Engle and Granger (1987) and Johansen and Juselius (1990) requires
all variables to be integrated in the same order, the ARDL model can be used to test for cointegration
among the variables of interest, regardless of their order of integration. This study adopts the bounds
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testing approach developed by Pesaran et al. (2001) to examine the long-run equilibrium relationship
between model variables.

The initial step in the ARDL approach is to assess the stationarity properties of variables to
determine their order of integration. It is important to ascertain whether none of the included series
are integrated of order (2) or beyond to avoid spurious estimations. In this regard, this study applies
the Augmented Dickey-Fuller (ADF) unit root test to the level and first difference of each series. After
determining the order of integration of each variable, the Akaike information criterion (AIC) is
adopted to identify the optimal order of lags. Once the optimal lag length is selected, cointegration
between variables is established via a bounds test, which involves estimating the unconditional error
correction model (UECM) specified by the following equation:

ALMED, = ag + ¥_, ay; ALnED,_; + Y12, apy AIMREX,_; + Y2, a3; ACAD,_; + Y2, a4; AINREX,_; *
CAD i+ Y%, a5; ASG,_; + X715, ag; ALNFD,_; + ¥/, a;; ALnGDPPC,_; + Y7, ag; ALnRES,_; +
B1LNED._; + B INREX,_1 + B3CAD¢_; + B4InREX,_; * CAD¢_; + BsSGi_1 + BeLnFD,_; +
B7LnGDPPCy_; + BgLnRES;_1 + €; (6)

Where, a, is the drift term, A is the first difference operator, aq;, @y;, @3i, X4i, Asi, Xo1is
a,; and ag; are the coefficients of short-run dynamics of the corresponding variables, with lag length

P, 491,92, 93,94, qs,qe and q; respectively, f1, B2, B3, B, b5, Pe, f7 and Pg are the coefficients of
the long-run multipliers and €, is a white-noise error term.

The Wald test was used to determine whether there was a long-run relationship between the model
variables. The null hypothesis of no cointegration, that is, Hy = 1 = 2 = 3= Bs = 5= B¢ =
B = Bs = 0, is tested against the alternative that at least one of the S;,i = {1,2,3,4,5,6,7,8} is not
equal to zero. The computed F-statistics were compared with the critical values provided by Pesaran
et al. (2001) and Narayan (2005). If the computed F-statistic is below the lower critical value, the null
hypothesis of no cointegration cannot be rejected. However, if the F-statistic is above the upper
critical value, the null hypothesis of no cointegration is rejected, and there is evidence of a long-run
relationship among the underlying variables. Nevertheless, if the F-statistic falls between the lower
and upper critical values, the test is inconclusive.

Once cointegration between variables is established, the long-run equilibrium relationship can be
estimated as follows:

LnED, = Bo + XF_ By LnED,_; + %02, B LnREX,_; + X2, B3 CAD,_; + %33, B4 LnREX,_; » CAD,_; +
Z?ﬁl Bs SGy—; + Z?:Sl Be LnFD;_; + 2?21 B7 LnGDPPC;_; + Z?Zl Pg LNRES,_; + . (7

where |, denotes the error term. The Short-run dynamics can be captured using the restricted error
correction model (ECM):
ALMED, = ag + ¥!_, ay; ALnED,_; + X2, ay; ALnREX,_; + Y2, a3, ACAD,_; + ¥.2, aty; ALNREX,_; *
CADt_i + 2?:1 247} ASGt_i + Z?il Agi ALTlFDt_i + Z?il ayi ALnGDPPCt_l- + Z?=71 g ALTLRESt_i +
GECT,—; + e (3

Where, ¢ captures the speed of adjustment to restore long-run equilibrium following a shock to
the system.

For the estimated model to be reliable, the error term should be serially independent (Pesaran et
al., 2001). Hence, the error term was tested for serial correlation and heteroskedasticity by adopting
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the Breusch-Godfrey test and Breusch—Pagan Godfrey tests. Serial correlations in the error term
invalidate the bounds test, whereas heteroscedastic errors can lead to inefficient estimates. Finally,
diagnostic tests, such as the Jarque-Bera normality test and stability tests using the Cumulative Sum
(CUSUM) and CUSUM of squares, were applied to assess the validity and reliability of the model.

Results and Discussion
This section presents and discusses the econometric model’s empirical findings.

Stationarity Tests

Before testing the long-run relationship between the model variables, the order of integration of
each variable in the model was checked using the augmented Dickey-Fuller (ADF) unit root test.
Table (1) presents the results of the ADF unit root tests. The results revealed that the included series
is a mix of I(0) and I(1). However, none of them were integrated into Order 2.

Table 1
Augmented Dickey-Fuller (ADF) unit root test
Variable ADF-statistic
Level First difference I(D)
Constant Constant and trend Constant Constant and trend
LnED -1.5959 -1.5149 -4.2]15%** -4.207*** I(1)
LnREX -0.8555 -2.6653 -3.6876%** -3.652%* I(1)
CAD -3.3815%* -2.9180 -6.1300%** -6.136%*** 1(0)
SG -3.6747%** -3.4577 -4.6202 -4.548%*** 1(0)
LnFD -2.5882 -2.4943 -2.9750%* -2.984 I(1)
LnGDPPC -0.5846 -3.8275%* -4.0828%** -3.975%* 1(0)
LnRES -2.0648 -1.1917 -3.6371*%* -3.924%* I(1)
Note(s): *** and ** indicate that the estimated coefficients are statistically significant at the 1% and 5% levels,
respectively.

Source: Computed using E-views packages.

The Bounds Test for Cointegration

The order of lags to be included in the regression model was determined using the Akaike
Information Criterion (AIC). Three lags are chosen as a maximum for the specified model, and the
optimal order of lags (1,1,3,2,1,1,2,2) is selected based on the AIC criterion. The results of the bound
cointegration tests are presented in Table 2. The F-statistic value of the bounds test is 9.948, which is
greater than the upper bound of the critical value of 5.031 at the 1% significance level. This reveals
the existence of a long-run relationship between external debt and the included explanatory variables:
real exchange rate, current account deficit, interactive variable between the real exchange rate and
current account deficit, savings—investment gap, fiscal deficit, real per capita GDP, and total reserves.
Table 2
Results of the cointegration bounds test

F-Bounds Test Null Hypothesis: No level relationship
n =40
Test Statistic Value Significance 1(0) I(1)
10% 2.152 3.296
F-statistic 9.948*#* 5% 2.523 3.829
1% 3.402 5.031

Note(s): Lower and upper bound critical values were obtained from (Pesaran et al., 2001).
Source: Computed using E-views packages.
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Estimation of Long-Run Relationship and Short-Run Dynamics

Table (3) reports the estimated long- and short-run coefficients of the ARDL model. The estimated
long-run coefficients show a statistically significant positive relationship between the real exchange
rate and external debt in the long run at the 1% level of significance. The estimated long-run
coefficient reveals that a one-percentage-point increase in the real exchange rate leads to a 0.703%
increase in external debt. This is attributed to the valuation effect of the exchange rate depreciation.
When the exchange rate increases, the domestic currency depreciates and loses its value. This implies
that much more funding will be required to repay accrued foreign currency-denominated debt and
pay for its services. Previous studies, such as those by Nazamuddin et al. (2024) and Adamu (2019),
have reported similar findings. However, in the short term, this effect was unexpectedly negative.

Regarding the current account deficit, the results reveal that a percentage point increase in the
current account deficit results in a 6.578%! increase in external debt. This reflects the Egyptian
economy's dependence on external borrowing to address trade deficits and net income payments. This
result is consistent with the findings of Awan et al. (2015), Dawood et al. (2021), and Youssef (2024).
A similar result was found for the short run, where a 1% increase in the current account deficit caused
a 0.008% increase in external debt in the same period.

Furthermore, the interactive term between the real exchange rate and the current account deficit
has a statistically significant negative coefticient. This result indicates that the impact of the current
account deficit on external debt is weaker when the real exchange rate depreciates. When the domestic
currency depreciates, domestic assets, such as stocks, bonds, and real estate, become cheaper and
attractive to foreign investors. This increases foreign capital inflows into the domestic economy and
substitutes for external debt to finance the current account deficit. Fadl and Ghoneim (2020) provide
evidence of a significant positive relationship between exchange rate depreciation and foreign capital
inflows to Egypt.

The results also show that the savings—investment gap and fiscal deficit have significantly positive
effects on external debt at the 1% significance level. That is, an increase in the savings—investment
gap by 1% results in an increase in external debt of 3.738%?, ceteris paribus. This indicates that
insufficient domestic savings to finance investments urge external borrowing, resulting in external
debt accumulation. This result is consistent with that of Tiruneh (2004) and Tiruneh Kotosz (2020).
Additionally, a one percentage point increase in fiscal deficit causes a 0.772% increase in external
debt. This implies that as government expenditures exceed their revenues, the government is forced
to borrow from foreign entities to finance this deficit. It is worth mentioning that the fiscal balance in
Egypt has experienced a persistent deficit since the mid-1970s. This result is supported by Adamu
and Rasiah (2016) and Adane et al. (2018). Similar to the results for the long run, the savings—
investment gap and fiscal deficit have a significantly positive impact on external debt in the short run.
A 1% increase in the savings—investment gap and fiscal deficit caused an increase in external debt by
0.6% and 0.206%, respectively, in the same period.

! Since the current account deficit is not log transformed while the external debt is log transformed, we will exponentiate
the coefficient for the current account deficit and then subtract 1 from the result and multiply by 100 to get the percent
change in the external debt for every unit change in the current account deficit.

2 Since the saving investment gap is not log transformed while the external debt is log transformed, we will exponentiate
the coefficient for the saving- investment gap and then subtract 1 from the result and multiply by 100 to get the percent
change in the external debt for every unit change the saving investment gap.
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Furthermore, a 1% increase in per capita GDP reduces external debt by 6.570% in the long run
and 2.446% in the same period at the 1% significance level. This is justified by the fact that, as the
economy grows, income levels increase, domestic savings rise, government revenues increase, and
resource gaps decrease. This reflects that an increase in the relative abundance of domestic financial
resources reduces Egypt’s dependence on external debt. This result is consistent with the findings of
Swamy (2015), Al-Fawwaz (2016), Dawood et al. (2021), and Waheed (2017).

External reserves have a statistically significant negative effect on Egypt’s external debt. Holding
the other factors constant, a 1% increase in external reserves decreases external debt by 0.299% at
the 5% significance level. Foreign exchange reserves are alternative sources of external financing. A
high foreign exchange reserve reduces the need for external borrowing and external debt.

The error correction term is negative and statistically significant at the 1% significance level. This
indicates a relatively moderate speed of convergence in the long-run dynamics of the variables. This
indicates that approximately 55% of the last period’s disequilibrium was corrected in the current
period. The adjusted R>= 0.85 which reflects the goodness of fit of the estimated model.

Table 3
Estimated long-run and short-run parameters of the ARDL model

Long run estimates

Variable Coefficient Std. Error t-Statistic Prob.

LnREX 0.7034%%*%* 0.1309 5.3722 0.0000
CAD 0.0637*** 0.0208 3.0557 0.0068
LnREX * CAD -0.0913%** 0.0217 -4.1902 0.0006
SG 0.0367*** 0.0096 3.7979 0.0013
LnFD 0.7724%%*%* 0.1590 4.8570 0.0001
LnGDPPC -6.5701%** 1.0103 -6.5026 0.0000
LnRES -0.2990** 0.1175 -2.5444 0.0203
C 29.6880*** 4.4041 6.7408 0.0000

Short-run estimates

Variable Coefficient Std. Error t-Statistic Prob

ALnREX -0.264** 0.0952 -2.7763 0.0125
ACAD 0.008** 0.0034 2.4742 0.0235
ACAD(-1) -0.016*** 0.0025 -6.4734 0.0000
ACAD(—2) -0.013%*** 0.0027 -5.1366 0.0001
ALnREX x CAD 0.001 0.0033 -0.4060 0.6895
ALnREX * CAD(—1) 0.010%** 0.0035 3.0393 0.0071
ASG 0.006*** 0.0021 3.2031 0.0049
ALnFD 0.206%** 0.0323 6.3871 0.0000
ALnGDPPC -2.446%** 0.7496 -3.2639 0.0043
ALnGDPPC(-1) 5.202%*** 0.9545 5.4501 0.0000
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ALnRES 20.330%%* 0.0804 4.1051 0.0007
ALnRES(-1) 0.171%% 0.0615 27845 0.0122
ETC(-1) -0.553 %%+ 0.0486 113721 0.0000

Notes: *** and ** indicate that the estimated coefficients are statistically significant at the 1% and 5% levels, respectively.
Source: Computed using E-views packages

Diagnostic Checks

Table (4) presents the results of the diagnostic checks. The Lagrange multiplier (LM) test of the
residual serial correlation statistic and the F-statistic of the Breusch-Pagan-Godfrey test applied to
test homoscedasticity provided no evidence of either serial correlation or heteroskedasticity in the
error term. In addition, the Jarque—Bera normality test provides no evidence to reject the assumption
of normality.

Table 4
Diagnostic tests
Test Test statistic P-Value
Breusch-Godfrey Serial Correlation LM Test F — statistic 0.1906
1.8415
Breusch-Pagan-Godfrey Heteroscedasticity Test F — statistic 0.4768
1.0327
Normality Test Jarque-Bera 0.9180
0.1710

Source: Computed using E-views packages.

Furthermore, the stability of long-run estimates is examined using the cumulative sum of recursive
residuals (CUSUM) and CUSUM of squares (CUSUMSAQ) tests. Figure (3) plots the CUSUM and
CUSUM-of-squares statistics to examine the stability of the estimated long-term relationship. The
results reveal the stability of all estimated long-run parameters, because the plots of the two statistics
lie consistently within the 5% significance critical bounds.

Figure 3
Plots of CUSUM and CUSUMSQ statistics for coefficient stability
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Source: Prepared by the author using the E-views package.
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Conclusion and Policy Recommendation

This study investigates the impact of the real exchange rate, current account deficit, and their
combined effect on external debt in Egypt by employing the ARDL bounds testing procedure for
time-series data spanning 1980-2022. The findings reveal that exchange rate depreciation and current
account deficits stimulate external debts. The combined effect of the real exchange rate and current
account deficit is significantly negative, indicating that real exchange rate depreciation can act as a
buffer, reducing the impact of the current account deficit on external debt. In addition, the savings—
investment gap and fiscal deficit increase external debt, whereas economic growth and foreign
exchange reserves reduce external debt in Egypt.

These results have significant implications for policymakers. First, the study encourages
borrowing in the domestic currency and reduces foreign currency-denominated debt whenever
possible to reduce exposure to exchange rate risks. Second, we develop domestic capital markets to
provide alternative financing sources and reduce reliance on external debt. Third, hedging instruments
such as currency swaps are utilized to mitigate the impact of exchange rate fluctuations on external
debt. Fourth, we address the causes of the current account deficit by improving export
competitiveness and adopting import substitution strategies to enhance the effectiveness of real
exchange rate adjustments. Fifth, the study ensures the sustainability of external debt by allocating
external debt funds to high-yield sectors that generate returns exceeding interest payments.

Limitations of the Study and Future Research
This study investigates the impact of real exchange rates, current account deficits, and their
combined effect on external debt. The limitation of the current study is that it examines the linear
impact of the real exchange rate and current account deficit on external debt. Additional insights can
be obtained from future research that investigates the asymmetric impact of the real exchange rate
and current account deficit on external debt.
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Abstract
This study investigates the global transition toward a low-carbon economy, with a particular focus on
the financing gap required to support the decarbonization of vital economic sectors. Using a
qualitative methodology, the study used thematic and document analyses of scholarly literature,
international case studies, and policy reports to evaluate strategies and challenges globally. The scope
of this study covers developed and developing countries, while the temporal boundary starts from the
beginning of the 2000s to projections of 2050. This study examines how nations are moving toward
net-zero emissions and the financial obstacles they encounter. The study shows that despite the
increasing importance of the global climate, financial flows are still inefficient and not distributed
equally. According to the study’s findings, implementing strategies to reduce the financing gap,
increasing international cooperation, supporting blended finance models, and implementing adaptive
policies are the only ways to effectively reach a low-carbon economy. Future studies should design
dynamic models, which should also focus on region-specific investment frameworks and impact
evaluation tools to align capital flows with the rising demand for climate action more efficiently.
Keywords: Low-carbon economy, climate finance gap, decarbonization, green investments,

energy transition
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Introduction

The threat that the world is facing today has united global efforts to reduce greenhouse gas (GHG)
emissions, making the shift to a low-carbon economy transition reachable. Although clean
technologies and policy pledges have achieved significant progress, the lack of financing for clean
technologies remains a significant obstacle. This gap is highlighted in sectors such as energy,
transportation, industry, buildings, and agriculture, each of which contributes to an increase in global
emissions (IPCC, 2022; IEA, 2021a). Without sufficient probate investment, achieving net-zero
targets and fulfilling the objectives of the Paris Agreement become increasingly difficult (UNFCCC,
2015).

Despite a significant increase in awareness and huge global promises, the financial flows for
implementing low-carbon initiatives remain insufficient (CPI, 2023). These defects are driven by
high investment risks in emerging markets, institutional capacity weaknesses in many developing
economies, and limitations in international financing of large-scale decarbonization projects
(UNCTAD, 2023; UNEP, 2023b). Even in developed countries, funding often goes to mature
technologies, which leaves high impact but less proven solutions in a lack of funding (OECD, 2023).
This highlights the importance of identifying targeted strategies to close the finance gap and enable
an effective transition to low-carbon development.

The main objective of this study is to assess the scale and nature of the financing gap in the
decarbonization of key economic sectors such as energy, transportation, industry, building, and
agriculture within the broader global transition to a low-carbon economy. This involves examining
both the quantity and quality of climate finance flows, identifying the structural, institutional, policy-
related obstacles to effective investment, and evaluating the role of innovative financial instruments
and international cooperation in bridging these gaps. Therefore, the study tries to generate actionable
insights that support the formulation of equitable, scalable, and sector-specific financing strategies
aligned with long-term net-zero goals.

To address this objective, the study focuses on:
1. Distinguishing the key barriers affecting decarbonization in the main economic sectors, such as
energy, transportation, and industry.
2.Evaluating the involvement of policy frameworks, innovation, and international finance in
incentivizing low-carbon investments.
3.Exploring sustainable financing techniques for emerging and developing economies.

These aims lead to the following research questions:
1. How significant is the financing gap for decarbonizing the main sectors globally?
2. What are the main factors contributing to this gap across different regions and sectors?
3. How can international finance, policy innovation, and private sector engagement be used to
close this gap and push a low-carbon transition?

It is important to examine the existing literature on climate finance and low-carbon investment to
review the financing challenges associated with global decarbonization. The following section
reviews the main studies that evaluate the scale of the financing gap, investment needs in the main
sectors, and the effectiveness of the current funding mechanisms. It also points to the current obstacles
to financing the knowledge gaps this study attempts to fill.
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Literature Review

Overview of the Financing Gap

The finance gap preventing the decarbonization of the main sectors, such as energy, transportation
industry, building, and agriculture, has been brought to light by the global movement toward a low-
carbon economy (International Energy Agency [IEA] 2021a; Intergovernmental Panel on Climate
Change [IPCC], 2023). Projections from the IEA (2021b) showed that achieving net-zero emissions
by 2050 requires annual clean energy investments to triple from current levels, reaching an estimated
USD 4 trillion by 2030. However, recent assessments by the Climate Policy Initiative (CPI, 2022)
and Allen and Overy and CPI (2023) showed a continuous deficit between actual and required capital
flows, especially in emerging and developing economies. This deficit highlights the pressing need for
innovative policy frameworks and blended financing to lower investment risk in low-carbon countries
(World Economic Forum [WEF], 2020).

Sector-Specific Insights and Barriers

Energy Sector

The energy sector is the primary focus of decarbonization because it represents the largest portion
of global greenhouse gas (GHG) emissions (IPCC, 2022). McCollum et al. (2018) noted that
renewable energy technologies, especially wind and solar, have seen huge cost declines, supporting
their competitiveness. However, upgrading the grid infrastructure, scaling energy storage, and
integrating renewable energy sources require additional capital. Developing nations face heightened
risks due to policy uncertainties, inadequate grid capacity, and limited access to long-term financing
(OECD 2020). These obstacles create an investment bottleneck, restricting how renewables can
replace fossil fuels (IEA 2021a).

Transportation Sector

Electrifying transport systems and developing supportive infrastructure are critical for reducing
emissions. While advanced economies have started to scale electric vehicle (EV) adoption, high initial
costs and insufficient charging networks remain huge barriers, especially in lower-income regions
(World Bank, 2021). According to the IPCC (2022), shifting to low-carbon mobility requires both
government and private investment for new infrastructure, subsidies for EV fleets, and research into
alternative fuels. Without strong financing instruments, such as green bonds or concessional loans,
emerging markets struggle to develop large-scale EV programs (Bataille et al., 2018).

Industrial and Heavy Sectors

Industries that are hard to decarbonize, such as steel, cement, and chemicals, face steep
decarbonization costs owing to technological immaturity and high capital expenditure requirements
(Bataille et al., 2018). Carbon capture, utilization, and storage (CCUS) technologies present potential
solutions, but remain expensive and often lack secure revenue models (United Nations Framework
Convention on Climate Change [UNFCCC], 2021). Therefore, private investors hesitate to commit
funds without policy guarantees, carbon pricing mechanisms, or public co-investments that lower the
investment risk (OECD, 2020).

Role of Policy, Governance, and Innovation

Multiple studies highlight the positive effect of policy support, public-private partnerships, and
technological innovation in mobilizing low-carbon finance (IPCC, 2022; World Bank, 2021). Policy
instruments such as carbon pricing, emissions trading schemes, and renewable energy mandates can
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prompt private sector involvement (CPI, 2022). In addition, international climate finance
commitments, such as those embedded in the Paris Agreement, provide grants, concessional loans,
and capacity-building programs to developing nations (UNFCCC, 2021). However, the World
Economic Forum (2020) mentions that political uncertainty and disjointed global coordination still
stand in the way of efficient fund distribution. Meanwhile, innovative technologies such as green
hydrogen and advanced battery storage have the potential to reduce emissions, but they need
consistent funding and market development to reach a commercial scale (McKinsey & Company,
2021).

Addressing the Climate Finance Gap

The literature always points to a need for blended finance and the strategic use of concessional
funding from public sources to promote additional private investment (Allen, Overy, & CPI, 2023;
CPI, 2022). This approach helps reduce the risk of large-scale infrastructure projects in developing
regions, where credit ratings and political stability may discourage investors from investing (OECD
2020). According to the WEF (2020), risk mitigation tools, such as loan guarantees, insurance
products, and first loss capital, can significantly lower the obstacles for private lenders. Similarly,
green bonds and sustainability-linked loans have shown success in focusing resources on climate
projects, despite the fact that consistent standards and transparent reporting remain critical to building
investor confidence (United Nations Environment Programme Finance Initiative [UNEP FI], 2021).

To ensure advantages such as job creation and technology transfer, new frameworks such as Just
Energy Transition Partnerships are emerging to integrate financing with social justice (UNFCCC,
2021). According to IPCC (2022), stakeholder involvement and transparent government are
necessary to make successful use of strong institutional capability. The United Nations Conference
on Trade and Development (UNCTAD, 2023) highlights that increasing the proportion of foreign
direct investment (FDI) allocated to green infrastructure in low-income nations is crucial for
achieving sustainable development goals and global emissions reduction.

Critical Gaps in Existing Research

While all agree on the deficit of the climate finance gap, the current literature reveals unreliable
measurements, unequal methodologies, and incomplete data regarding the allocation of funds across
regions and sectors (CPIL, 2022; IEA, 2021a). This fragmentation makes it difficult to compare
financing flows globally or to mention the most effective policy interventions (OECD, 2020).
Moreover, research frequently focuses on either developed or developing countries, which limits our
understanding of the most effective cross-regional approach (World Bank, 2021). Climate finance
reporting is further complicated by a lack of defined standards for evaluating green investments,
which raises questions for investors and politicians (UNEP FI, 2021).

Literature review provides a key element for this study by providing critical insights into the scale
of the climate finance gap, the investment needed for major economic sectors, and the current funding
techniques. By blending findings from academic research, international institutions, and policy
reports, the review helps highlight challenges and knowledge gaps. These insights inform the
analytical framework of the current study by guiding it through selecting documents and comparative
assessment across regions and sectors. However, the literature review highlighted areas that need to
be reviewed. As a result, justifying the need for this study contributes updated policy-relevant
knowledge that supports more effective and inclusive low-carbon financing strategies.
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In light of this limitation, this study aims at assessing the scale and nature of the financing gap that
stands in the way of decarbonizing key economic sectors such as energy, transportation, industry,
building, and agriculture within the broader global transition to a low-carbon economy. This involves
examining both the quantity and quality of climate finance flows, identifying the structural,
institutional, and policy-related obstacles to effective investment, and evaluating the role of
innovative financial instruments and international cooperation in bridging these gaps. Therefore, the
study tries to generate actionable insights that support the formulation of equitable, scalable, and
sector-specific financing strategies aligned with long-term net-zero goals.

Research Methodology

This study adopts a qualitative methodology to explore the financing gap associated with the
decarbonization of the main economic sectors within the context of the global transition to a low-
carbon economy. A qualitative approach was chosen because of the exploratory and interpretive
nature of the research questions, which focus on understanding the structural financial challenges,
policy dynamics, and investment patterns across different regions and sectors.

Research Design and Approach

This study is based on document analysis and integrates primary and secondary sources. These
include international policy reports, institutional databases, academic journal articles, and case studies
from relevant organizations, such as the International Energy Agency (IEA), Intergovernmental Panel
on Climate Change (IPCC), Climate Policy Initiative (CPI), and World Economic Forum (WEF).
These documents were selected for their relevance and contribution to global climate finance
discourse.

Data Collection: Data were collected through a systematic review of publications issued between
2000 and 2025, focusing on achieving investment trends, decarbonization strategies, and financial
flows in the main sectors, such as energy, transportation, industry, buildings, and agriculture.

Data Analysis

Thematic analysis was conducted to identify recurring patterns, gaps, and critical issues related to
climate finance and sectoral decarbonization. Themes such as financing barriers, investment
distribution, policy support, and equity considerations were used to organize and interpret the
findings. A comparative analysis across countries (developed vs. developing countries) and sectors
was used to highlight inequalities and contextual differences.

Scope and Limitations

The spatial boundary of this study is global, covering high-income, low-income, and middle-
income countries. The temporal scope extends from the early 2000s to projections through 2050,
reflecting the long-term climate goals.

Global Carbon Dioxide Emissions

Table (1) highlights a huge increase in the total CO; emissions from fuel combustion, rising by
7.7% between 2011 and 2022. This surge in emissions significantly amplifies global environmental
risks. Consequently, the world strives to transition towards a low-carbon economy and mitigate the
overall carbon footprint.
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Table 1

Total CO2 emissions - fuel combustion (2011- 2022)
YEAR MTCO2EQ
2011 31485
2012 31817.5
2013 32416.2
2014 32493
2015 32373.9
2016 32405.3
2017 32935
2018 33688.7
2019 33625.7
2020 31812.6
2021 33674
2022 34116.8

Source: (International Energy Agency, 2025).

Side Effects of Carbon Dioxide Emissions

Human activities have caused an increase in carbon dioxide emissions, the most important of which
are (United States Environmental Protection Agency, 2025):

Burning coal, oil, natural gas, and methane.

Cutting down trees and not planting trees in their place.
Using fertilizers.

Continuous use of air conditioners.

Dumping plastic and industrial waste into rivers and oceans.

An increase in the temperature of the atmosphere, oceans, and land has caused widespread and rapid

changes in the atmosphere, oceans, glaciers, and biosphere, leading to the following:

Natural disasters (fires, floods, hurricanes, droughts).
Melting of ice.

Rising sea and ocean levels.

Widening of the ozone hole.

Acid rain.

Negative impacts on livestock and fish wealth, and the threat of extinction of some animals and
fish.

Low-Carbon Economy and Its Importance

A low-carbon economy is characterized by strategically reducing carbon dioxide (CO-) and other

greenhouse gas (GHG) emissions by adopting clean, low-carbon energy sources, such as wind, solar,
and hydropower, instead of carbon-intensive fossil fuels. This shift minimizes reliance on coal, oil,
and natural gas and aims to mitigate climate change and foster sustainable development (Macquarie
University, 2019; United Nations Environment Programme [UNEP], 2025).
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Key Benefits of the Low-Carbon Economy
The Key benefits of the low-carbon economy can be summarized as follows:

Climate Change Mitigation

A low-carbon economy plays an important role in slowing global warming and stabilizing the
climate by reducing CO: emissions. This is particularly critical in safeguarding vulnerable
ecosystems, preventing extreme weather events, and meeting the objectives outlined in international
climate agreements (Intergovernmental Panel on Climate Change [IPCC], 2022; Stern, N., 2006).

Energy Security and Diversity

Changing the energy mix through renewable sources decreases the dependence on the volatile
fossil fuel market and enhances energy security. A steady supply of locally sourced renewables can
help countries reduce import bills, stabilize energy prices, and protect themselves against geopolitical
risks (International Energy Agency [IEA], 2021b).

Economic Growth and Job Creation

Shifting to low-carbon technologies can accelerate new economic opportunities and create a surge
in green jobs, particularly in the renewable energy, energy efficiency, and clean transportation sectors.
According to the International Renewable Energy Agency (IRENA), by 2024, the global renewable
energy industry already employs millions of people worldwide, which is projected to grow
substantially as the demand for clean technologies increases.

Technological Innovation

Investing in research and development for low-carbon solutions, such as advanced batteries, green
hydrogen, and carbon capture technologies, often leads to technical innovations that benefit other
industries. These innovations help lower production costs, enhance efficiency, and facilitate the
broader adoption of clean energy systems (World Economic Forum [WEF], 2020).

Public Health Improvements

Reducing fossil fuel consumption also decreases air pollution, which leads to substantial public
health benefits, including lower rates of respiratory diseases, decreased healthcare costs, and
improved overall quality of life. Many studies have highlighted the link between transitioning to clean
energy and significant gains in population health (World Health Organization [WHO], 2018).

Sustainable Resource Management

A low-carbon economy promotes the efficient use of resources by emphasizing circular economy
principles and green infrastructure. This approach not only reduces emissions but also protects water,
waste, and biodiversity, ultimately contributing to long-term environmental sustainability (UNEP,
2023b).

Alignment with Global Sustainable Development Goals (SDGs)

Implementing low-carbon strategies increases countries' progress in multiple SDGs, including
those related to clean energy (SDG 7), sustainable cities (SDG 11), responsible consumption and
production (SDG 12), and climate action (SDG 13). By doing so, nations can foster inclusive
growth, reduce inequalities, and strengthen their climate resilience (United Nations, 2015).

Through these benefits, a low-carbon economy goes beyond carbon emissions and forms a holistic
framework that integrates economic growth, social welfare, and environmental preservation. As
global consensus grows around the urgency of climate action, many countries recognize that
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transitioning to a low-carbon model not only mitigates climate risks but also unlocks significant
opportunities for sustainable development, innovation, and prosperity.

Global Investments in the Low-Carbon Economy

In 2024, global energy transition technologies investment recorded nearly USD 2.1 trillion, a
significant milestone in the ongoing shift toward sustainable energy systems. Although investment in
this sector has more than doubled since 2020, reflecting accelerated growth over the past decade, the
pace of expansion slowed in 2024, with a reduction in growth of 11% compared to the 24-29 % annual
growth rates observed in the preceding three years.

The investment landscape is dominated by three main sectors, collectively accounting for 90% of
total spending in 2024: electrified transport (USD 757 billion), renewable energy (USD 728 billion),
and power grids (USD 390 billion). Each of these sectors has achieved record investment levels.
Electrified transport experienced 20% growth despite concerns about potential slowdowns in electric
vehicle adoption. Power grids increased by 15%, and renewable energy increased by 8%.

Energy storage also showed remarkable growth, with a 36% increase in investment, bringing the
total to USD 53.9 billion. Clean shipping, which tracks expenditure on zero-emission-capable vessels,
saw a fourfold increase to USD 452 million, although this growth came from a relatively small base.

In contrast, other sectors will face mixed outcomes in 2024. Nuclear energy investment remained
steady at USD 34.2 billion, while electrified heat declined by 5.2% to USD 77 billion. Carbon capture
and storage (CCS) and clean industry investments halved, falling to USD 6.1 billion and USD 27.8
billion, respectively. Hydrogen investment also experienced a significant decline, dropping by 42%
to USD 8.4 billion.

These trends underscore the uneven progress across different energy transition sectors. Electrified
transport, renewable energy, and power grids continue to drive most of the global investment, whereas
other areas face challenges in maintaining momentum. (Bloomberg NEF, 2025) (see Figure 1)

Figure 1
Global investments in energy transition by sector (2020-2024)
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Source: (Bloomberg NEF, 2025).
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In 2024, Mainland China, frequently identified as a developing economy, significantly increased
its lead in energy transition investments, committing USD 818 billion to the sector. This amount is
more than double the investments in other economies, solidifying China's dominant position in global
energy transition efforts. When standardized for gross domestic product (GDP), China’s investment
totaled 4.5% of its economic output, far exceeding the EU-27 with a record of 2.0%, the United States
with a record of 1.2%, and other major developed countries. This underscores China’s outsized
commitment to advancing its energy transition agenda, relative to its economic scale.

The United States remains the second-largest country in energy transition investment among
developed economies, allocating USD 338 billion in 2024. Germany was recorded as the third-largest
country in the world, with a record of USD 109 billion, equivalent to 2.3% of its GDP. Despite these
high standards, both the United Kingdom and France, which are developed countries, experienced a
decline in renewable energy investments.

The top 10 countries are developed and developing economies. India, which is classified as a
developing country, is recorded as the sixth largest investor, driven by strong advancements in
renewable energy, electric vehicles, and energy storage. Another developing economy, Brazil, was
the seventh largest investor, while Canada, a developed country, entered the top 10 list for the first
time, replacing Spain. Italy and Japan, both developed nations, rounded out the top 10 countries with
slight decreases in their 2024 investments.

The EU-27, which consists of several developed nations, ranks second globally, having invested
USD 381 billion in 2024. However, figure (2) shows a 6.5% decline compared to the previous year,
signaling challenges in sustaining momentum across the region. These trends underscore the varying
commitment levels among developed and developing economies to advance the global energy
transition. Notably, China continues to outstrip its peers in absolute and relative terms (Bloomberg,
2025).

.
Figure 2
Top 10 countries for energy transition investments in 2022*
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The Reality of Renewable Energy Worldwide

The renewable energy sector is the most important in a low-carbon economy. Its primary
advantage is its ability to produce lower emissions than traditional fossil fuels. Moreover, remarkable
advancements in renewable energy production technology have led to a substantial decrease in the
cost of electrical energy generated from renewable energy sources. This cost reduction has supported
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the competitiveness of renewable energy against fossil fuels, positioning it as a viable and
environmentally friendly option, as shown in figure (3).

Global Renewable Electricity Generation

Figure (3) shows a consistent upward trend in generating electrical energy from renewable sources.
In 2022, it recorded an impressive 8441.7 terawatt-hours, a significant increase from the 4400
terawatt-hours recorded in 2011.

Figure 3
Total electricity generated from renewable energy globally (2011 - 2022)*
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*Last data available in 2022
Source: (International Renewable Energy Agency, 2025a).

Relative Distribution of Renewable Energy Sources (In Terms of Total Electrical Energy
Generated in 2022)

Figure (4) reveals that hydroelectric power holds the top position in the total electrical energy
generated from renewable energy sources, followed by wind and solar energy.

Figure 4
The relative contribution of renewable energy sources to total electricity generation in 2022*
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*Last data available in 2022
Source: (International Renewable Energy Agency, 2025a).
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Global Production Costs of Electrical Power Generated from Renewable Energy Sources
Between 2011 and 2023

Table (2) reveals that solar photovoltaic energy generation leads the way in terms of reducing
production costs in 2023 compared to 2011, followed by concentrated solar power and onshore wind.

Table 2
Production cost of electrical power from renewable energy sources globally in 2011 and 2023 *
RENEWABLE SOURCE 2011 2023 CHANGE PERCENTAGE (%)
(USD/KWH) | (USD/KWH)
SOLAR PHOTOVOLTAIC 0.343 0.044 -87.2
CONCENTRATED SOLAR 0.381 0.117 -69.3
POWER
ONSHORE WIND 0.106 0.033 -68.9
OFFSHORE WIND 0.212 0.075 -64.6
GEOTHERMAL 0.093 0.071 -23.7
BIOENERGY 0.081 0.072 -11.1
HYDROPOWER 0.041 0.057 39

* Last data available in 2022
Source: (International Renewable Energy Agency, 2025b).

The Volume of Global Investments in Fossil Fuels and Clean Energy

Figure (5) shows an increase in global investments in clean energy, with a recorded percentage of
28.2% between 2015 and 2024. However, global investment in fossil fuels decreased by 18.8% during
the same period.

Figure 5
Global investment in clean energy and fossil fuels (2015 —2024)*
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Source: (International Energy Agency, 2024).
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The Climate Finance Gap

The Sixth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC), released
in 2023, provides a comprehensive overview of current climate science and its impacts. It showed
that human activities, such as burning fossil fuels, changes in land-use, and processes of producing
goods are the primary drivers of climate change. The report mentioned that global surface
temperatures will exceed 1.5°C above pre-industrial levels in nearly all scenarios between 2030 and
2035. Global temperatures temporarily breached this edge by 2024 (IPCC, 2024), underscoring the
urgent need for immediate and sustained action to curtail greenhouse gas (GHG) emissions across all
sectors of the global economy.

The global ambition toward reducing this gap came up with the United Nations Framework
Convention on Climate Change (UNFCCC) at the Conference of the Parties (COP). During COP21
in Paris, the parties supported the global goal of maintaining a temperature below 2°C with efforts to
pursue a more ambitious target of 1.5°C, recognizing the importance of climate finance in reaching
these targets (UNFCCC, 2015). Additionally, COPs, including COP26 in Glasgow and COP27 in
Sharm El-Sheikh, confirmed the importance of increasing financing for mitigation and adaptation
efforts. However, the annual investments required for the stability of global temperatures still reach
trillions, far from the current levels of finance.

COP negotiations have highlighted that the current level of global investment in climate-related
initiatives is very low, which causes a substantial financing gap that stands in the way of progress
toward meeting climate targets. Reducing this gap requires mobilizing public and private finance
through effective policy frameworks and innovative financial instruments. International cooperation,
particularly in developing countries, is one of the most important ways to face financial challenges in
areas such as mitigation, adaptation, and resilience. Securing sustainable funding not only advances
climate action but also contributes to the UN Sustainable Development Goals (SDGs) and supports
social equity (World Economic Forum [WEF] 2025).

The Climate Finance Gap in Numbers

The climate finance gap remains a major obstacle in achieving global climate objectives.
According to the Climate Policy Initiative (CPI), annual climate finance requirements are raised to
reach USD 9 trillion by 2030 and more than USD 10 trillion per year from 2031 to 2050 (Climate
Policy Initiative [CPI], 2023). This highlights the rising demand for investment driven by the need to
decarbonize major economic sectors and support climate resilience.

Mitigation Finance: Required vs. Actual

Required: Mitigation finance alone must exceed USD 8.4 trillion annually by 2030 (Allen & Overy
& CPIL, 2023).

Actual: The world invested only USD 1.2 trillion in mitigation during 2021/2022, a more than
85% shortfall from the required annual level.

This gap is mostly in emerging economies and low-income nations, where high capital costs and
limited policy support reduce private-sector funding. Despite their more efficient and stronger
financial markets, many developed nations face obstacles to the investment needed for emission
reductions in sectors such as industry, transportation, and energy.

Adaptation Finance: Growing, But Insufficient

Global financing reached a record USD 63 billion in 2021-2022, with a nearly 29% increase from
USD 49 billion in 2019-2020 (CPI, 2023). A large majority (98%) of this funding is issued from
public sources, with Development Finance Institutions (DFIs) accounting for 86%. While these
figures reflect a positive impact, they are still far from reducing the annual adaptation finance gap of
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USD 215-387 billion, primarily affecting developing countries (United Nations Environment
Programme [UNEP], 2023a). In addition, UNEP (2023a) estimates that developing nations
collectively need 10—18 times the current global public finance dedicated to adaptation.

Developed vs. Developing Countries

Developing countries face annual funding requirements exceeding USD 2.4 trillion by 2030
(United Nations Conference on Trade and Development [UNCTAD], 2023), with USD 1 trillion
urgently needed from external sources (UNCTAD, 2023), depending heavily on DFIs, loans, and
grants, because of high-risk profiles and limited fiscal space. They also face challenges in terms of
the infrastructure and capacity constraints.

Developed countries have efficient financial markets and policy frameworks, but are still far away
from the investment needed to meet net-zero goals. They struggle to secure sufficient funding for
high-impact areas, such as industrial deep decarbonization, due to cost uncertainties and market
barriers. They must mobilize USD 100 billion annually to support the climate efforts of developing
countries, which is still insufficient compared to global needs.

The climate finance gap is further compounded by declines in foreign direct investment (FDI). For
instance, total FDI contracted by 12% to USD 1.3 trillion in 2022, limiting the capital available for
both climate and non-climate projects (UNCTAD, 2023).

The gap between required and actual investments is very large, while developed countries are not
yet fully meeting their climate finance commitments, and developing nations are grappling with
constrained resources. Despite the increase in adaptation financing, it remains insufficient to protect
the region’s most vulnerable to climate change. On the mitigation side, the gap between the USD 8.4
trillion needed and USD 1.2 trillion invested shows the real size of the challenge. Addressing these
deficits demands coordinated global efforts, including public funding, blended finance arrangements,
and policy reforms, to reduce the risk of low-carbon investments in the Global North and South.

The Main Sector Requires Decarbonization to Achieve Low-Carbon Economy Goals

Decarbonizing the main sectors, such as transport, energy, buildings, industry, and agriculture, is
important for achieving global climate objectives. However, achieving these goals requires
substantial financial investment and strategic innovation, as highlighted in table (3).

While all the main sectors of the global economy require attention regarding decarbonization
efforts, the challenges they face are complex. For example, the high cost of the transport sector's
electric vehicle (EV) infrastructure is a significant challenge. Similarly, the energy sector requires
substantial capital to transition into renewable energy sources. While substantial capital investments
are important, strong policies, innovative technologies, and equitable approaches that ensure that the
benefits of decarbonization are broadly shared are equally important.

Blended finance plays an important role in mitigating investment risks, particularly in emerging
markets and developing economies (EMDEs) and least developed countries (LDCs). Moreover,
policy instruments, such as quantity- and price-incentive-based market instruments, can stimulate
low-carbon innovation investment in developed and large emerging economies.
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Table 3
Total investment required in every sector to achieve low-carbon economy goals (2030 — 2050)
Sector Actual Investment Annual Annual Financing
Investment By Investment By Gap Until
2030 2050 2050
Transport USD 95.9 billion USD 2.5 trillion | USD 3.2 trillion USD 3.1
(2019 —2020) trillion
Energy USD 1.74 trillion USD 4.5 -5.7 USD 125 USD 123.3
(2023) trillion trillion trillion
Building & USD 14.2 billion USD 731 billion USD 716.8
Infrastructure (2019 - 2020) billion
Industrial USD 10.2 billion USD 320 — 540 billion USD 309.8 —
(2019 —2020) 529.8
billion
Agriculture, Forestry, USD 6.5 billion USD 130 billion - USD 123.5
And Other Land Use (2021 —2022) billion

Source: (World Economic Forum, 2025).

Transport Sector

The transition to low-carbon transportation demands a large investment, estimated at USD 2.5
trillion annually by 2030 and rising to USD 3.2 trillion by 2050. One of the key areas of low-carbon
transportation is electric vehicles (EVs), EV infrastructure, and alternative fuels. However, high
upfront costs pose significant challenges, especially in emerging markets with limited disposable
income. Blended finance, which combines public and private capital, can help mitigate investment
risks and fund essential technologies, such as high-frequency chargers and hydrogen refueling
infrastructure.

Ensuring that low-income countries have access to affordable low-emission transport options is
crucial. Policies such as subsidies for EVs and green public transport systems are essential for
achieving an inclusive transition. Additionally, creating supportive regulatory environments, offering
financial incentives, and investing in infrastructure can drive private sector investments and make
low-carbon transport compete with high-carbon alternatives.

Public policies should promote green innovation through emission standards, tax incentives, and
infrastructure development. Consumer behavior, efficient urban planning, and digitization can also
play important roles in reducing emissions and achieving sustainable transport systems. (World
Economic Forum, 2025)

Energy Sector

To achieve the Paris Agreement goals for the energy sector, the world requires an estimated USD
125 trillion by 2050, with annual investments of USD 4.5 - 5.7 trillion by 2030. Despite global clean
energy investments in 2023 recorded USD 1.74 trillion, this is still very far from the USD 2.7 trillion
required to meet climate targets. Also, USD 1.05 trillion was invested in new fossil fuel projects,
highlighting the importance of shifting towards renewable energy sources.

To expedite this transformative transition, policymakers should prioritize energy conservation,
eliminate fossil fuel subsidies, implement carbon pricing mechanisms, and mandate the use of
renewable energy. These measures can promote consumer adoption of clean technologies, such as
electric vehicles (EVs) and solar panels, contributing to the decarbonization of the energy sector and
reduction of greenhouse gas emissions.
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The benefits of decarbonization extend beyond environmental gains, improved air quality,
enhanced energy security, and long-term environmental sustainability. A comprehensive approach
that includes technological advancements, international collaboration, and public engagement is
essential to achieve these objectives. Policymakers must ensure that their strategies are inclusive and
consider the needs of vulnerable populations (World Economic Forum, 2025).

Buildings and Infrastructure

Decarbonizing the building sector is important for achieving global climate goals, which require
an estimated USD 731 billion in annual investments by 2050. These investments should prioritize
enhancing energy efficiency, retrofitting existing structures, and integrating renewable energy
sources. The sector's substantial energy consumption, especially for heating and cooling, significantly
contributes to greenhouse gas emissions.

However, the financial viability of decarbonizing buildings poses a challenge that requires
innovative financing mechanisms to mitigate project risks. Policy changes such as updated building
codes and energy performance standards can boost the demand for energy-efficient buildings and
attract investment. Carbon pricing and incentives for renewable energy technologies, such as tax
credits for solar panels and heat pumps, can further promote their adoption.

Emerging markets and developing economies (EMDEs) and least developed countries (LDCs)
face many challenges, including financial and technological barriers and weak enforcement of
building codes. Public awareness campaigns can play a crucial role in promoting the adoption of
energy-efficient appliances and renewable technologies. Additionally, multilateral development
banks (MDBs) support is essential to overcome cost barriers, provide technical assistance in
developing building codes, and attract private investment. Fair solutions should prioritize addressing
the socio-economic realities in these regions, as outlined by the World Economic Forum (2025).

Industrial Sector

Decarbonizing the industrial sector requires an estimated annual investment of USD 320 to 540
billion by 2050. This huge investment is essential for deploying advanced technologies and
optimizing processes in high-emission industries, such as aluminum, cement, steel, chemicals, and
shipping. Key strategies for decarbonization include carbon capture, utilization, and storage (CCUS);
green hydrogen production; energy efficiency measures; and reducing the demand for high-emission
materials.

Blended finance is important in mobilizing capital for industrial decarbonization, especially in
countries with underdeveloped financial systems. By collaborating with the public sector, blended
financing can reduce the risk of investments, making them more attractive to the private sector. Policy
frameworks, such as carbon pricing, energy efficiency standards, and renewable energy mandates,
can serve as incentives for adopting low-carbon technologies and encourage long-term investment.

Although technologies such as CCUS and green hydrogen hold promise, they face significant
challenges, including high costs and technological immaturity. Governments, such as the UK that
invest in CCUS, can be crucial in attracting private sector investments. However, challenges are likely
to occur more in emerging markets and developing economies (EMDEs) and least developed
countries (LDCs), where limited infrastructure and capacity face obstacles. A comprehensive
approach involving substantial investment, strong policy support, and international cooperation is
essential to overcome these barriers (World Economic Forum, 2025).
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Agriculture, Forestry, and Other Land Use

The agriculture, forestry, and other land use (AFOLU) sector, which accounts for approximately 22%
of global greenhouse gas (GHG) emissions, has significant potential for mitigating climate change
through practices such as reforestation, afforestation, and improved land management that enhance
carbon sequestration. However, achieving decarbonization in this sector demands an estimated USD
130 billion annually by 2030, much higher than current investment levels.

Financial constraints and regulatory uncertainties increase funding challenges in emerging markets
and developing economies (EMDESs). Hybrid finance mechanisms such as concessional loans and
guarantees can effectively reduce the risk of investments and attract private capital. Additionally,
policy tools such as carbon pricing, emission trading schemes, and certification schemes can serve as
incentives for adopting sustainable practices and low-carbon technologies.

Technological advancements, including precision agriculture, genetically modified crops, and remote
sensing for forestry, have the potential to reduce emissions and optimize carbon sequestration.
Additionally, aligning agricultural and land-use policies with climate objectives is important to
achieve long-term sustainability and ensure food security. Community engagement and integration
of traditional knowledge into modern land management practices can enhance the effectiveness of
these strategies (World Economic Forum, 2025).

Factors Driving the Climate Finance Gap

Despite the importance of facing climate change, significant gaps exist between global climate
finance needs and actual investment. While developed countries have pledged substantial funds and
some progress has been made in mobilizing resources, many developing economies continue to
struggle with funding gaps, limited institutional capacity, and high-risk investment environments.
This highlights the climate finance challenge, driven by many financial barriers and technological,
institutional, and policy-related obstacles on the way of large-scale mitigation and adaptation efforts.
The following sections detail these barriers and illustrate how they shape the climate finance
landscape for both developed and developing countries.

Public vs. Private Sector Financing

Developed countries have fulfilled their pledge to mobilize USD 100 billion in 2022 (Allen &
Overy & Climate Policy Initiative [CPI], 2023). However, this amount remains far below what is
required to address the extensive mitigation and adaptation needs of middle- and low-income
countries. In many instances, limited government budgets and competing socio-economic priorities
stand in the way of public funding for climate-related projects, highlighting the necessity of private
sector involvement (OECD, 2023). However, private investors frequently hesitate to commit capital
because of the high risk, policy uncertainty, and limited institutional support (Climate Policy Initiative
[CPI], 2023; International Energy Agency [[EA], 2021a).

Developed vs. Developing Countries

Developed Countries. Although industrialized nations generally have stronger financial markets and
policy frameworks, they still struggle to secure sufficient resources for high-impact areas such as
industrial deep decarbonization and energy infrastructure. The climate pledge to provide USD 100
billion annually was only recently approached, reflecting a gap between stated commitments and
actual capital flows (Allen, Overy, & CPI, 2023). Moreover, some developed countries experience
political and regulatory fluctuations that reduce policy certainty and lead to large-scale private
investments (OECD, 2023).
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Developing Countries. Developing and emerging economies face several additional challenges, such
as weaker institutional capacity, higher imagined risk, and more fiscal limitations (UNCTAD, 2023).
Although many have broad Nationally Determined Contributions (NDCs), they often lack detailed
energy transition strategies or supportive regulatory frameworks to attract stable, long-term private-
sector engagement. Funding deficits, combined with unsatisfactory developmental needs,
significantly limit their ability to finance strong mitigation and adaptation measures (United Nations
Environment Programme [UNEP], 2023b).

Financial and Investment Barriers

key financial barriers include short-term investor focus, high capital costs, and the absence of
predictable returns, making climate projects less attractive under the umbrella of conventional risk—
return analyses (CPI, 2023; OECD, 2023). Private investors demand higher rates of return on climate
projects, especially in emerging markets (IEA, 2021a). Additionally, donor organizations and
multilateral development banks often face difficulties funding climate projects that lack strong
feasibility studies or business plans (UNCTAD, 2023; UNEP, 2023a).

Technological and Innovation Gaps

Developing countries frequently need advanced technologies, such as renewable energy systems
and climate-resilient agriculture, to meet their NDC goals. However, the high cost and intellectual
property constraints of novel or unproven solutions stand in the way these technologies are adopted
(CPIL, 2023).

Institutional and Policy Constraints

Stable and predictable policies are essential for reducing the risk of climate change. Unfortunately,
institutional weaknesses, such as a lack of regulatory clarity, governance challenges, and frequent
policy reversals, reduce investor confidence (IEA, 2021a). Even where NDCs are in place, uncertainty
in national plans stops large-scale private engagement (OECD 2023). In some emerging and frontier
markets, political volatility and corruption concerns increase these institutional barriers, further
restricting the flow of climate finance to otherwise high-impact sectors (Allen & Overy & CPI, 2023).

Project Pipeline and Technical Capacity

The shortage of “bankable” climate projects is a major obstacle to investment. Many proposed
initiatives lack essential feasibility studies, technical assessments, or clearly defined revenue models
(UNCTAD, 2023; UNEP, 2023a). Without such groundwork, even donor agencies committed to
financing climate actions find it challenging to allocate funds. Limited technical expertise to design
and implement complex climate projects also stands in the way of effective deployment, especially
in low-income and small-island developing states.

Fragmentation and Lack of Standardization

Fragmentation within the global financial system, driven by geopolitical constraints and low
coordination among funding sources, creates inefficiencies, resulting in underinvestment, especially
in the developing world (CPI 2023). The absence of standardized metrics and methodologies for
measuring and reporting climate finance adds further unpredictability (UNEP 2023a). As a result,
investors face difficulties in assessing project risks and returns, thereby limiting private capital’s
involvement in large-scale, high-risk mitigation or adaptation projects.

Conclusion
The transition to a low-carbon economy is no longer a distant dream but an urgent requirement in
the face of escalating climate change and its far-reaching consequences for the environment, society,
and economy. This study examined the global trends, challenges, and opportunities associated with
this transformative shift, emphasizing the important role of renewable energy, electrified
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transportation, and power grids in driving away from traditional carbon systems. Despite substantial
investments in low-carbon technologies, recorded at nearly USD 2.1 trillion in 2024, the gap is still
huge, especially in financing, policy frameworks, and technological advancements. Developing
countries face significant obstacles in mobilizing the resources necessary to meet global climate
targets.

This study shows the difference in progress across sectors and regions, with electrified
transportation, renewable energy, and power grids leading the charge. Conversely, other areas, such
as hydrogen, carbon capture and storage (CCS), and electrified heating, have made little progress.
The climate finance gap remains a critical challenge, with current investments far from the USD 9
trillion annually required by 2030 to achieve global climate goals. To bridge this gap, unprecedented
levels of international cooperation, innovative financing mechanisms, and strong policy frameworks
are required.

The transition to a low-carbon economy presents huge opportunities for economic growth, job
creation, and technological innovations. However, achieving these benefits requires a comprehensive
and equitable approach that ensures no country or community remains behind. This study's findings
highlight the need for coordinated action across governments, businesses, and civil society to
accelerate the global energy transition and pave the way toward a sustainable and low-carbon future.

Recommendations

To address the challenges highlighted in this study and expedite the transition to a low-carbon
economy, the following recommendations are proposed:

e Increasing the climate finance commitments globally, especially from developed to developing
countries.

e More specifically, innovative financing models such as blended finance, green bonds, and PPPs
can be used to de-risk and attract private capital in low-carbon projects.

e Promoting stable long-term policy frameworks, such as carbon pricing and energy efficiency
policies, to support investor confidence.

e International collaboration should be promoted, especially in technology transfer, building
capacities, and knowledge sharing.

e More research and product innovation should be invested in new clean technologies, such as
green hydrogen and energy storage.

e Strengthening the MDB’s contribution to climate finance coordination and closing the gap
between emerging markets and project pipelines.

e Building public awareness and promoting community engagement to accelerate the adoption of
low-carbon behavior and technology.

By implementing these recommendations, the global community can reduce the climate finance
gap, promote a transition to a low-carbon economy, and achieve the Paris Agreement goals. A
sustainable, equitable, and resilient future is achievable, but it demands collective action, bold
leadership, and commitment from all stakeholders.

Limitations and Constraints of the Study
While the study highlights the description of the climate finance gap and the policy instruments
needed to support low-carbon transition, there are some limitations to be noted.

First, the study primarily relied on secondary sources, which could have a difference in data
reporting and methodological variation between the institutions.
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Second, the study is more focused on global and new marketplace trends, which do not necessarily
depend on region-based information or national studies.

These limitations highlight the need for real-time data and context studies to guide policy actions.

Future Research Directions
Future research must further the results of the current study by exploring the following areas:

e Establishing strong methodologies for tracking private sector climate finance flows, particularly
in emerging and developing economies.

e (Conducting comparative studies on blended finance to reduce risk in different national and sectoral
sectors

e Studying the socio-economic implications of climate finance implementation to achieve equitable
transitions, especially in vulnerable societies.

Implications for Implementation
Efficient use of the present study's findings also requires efforts across different levels of
government and stakeholders.

e National governments must adapt climate finance to long-term policy discussions and establish
enabling regulatory frameworks.

e International organizations and development banks must take the lead in designing blended
finance models that can be developed and deliver technical assistance to underserved nations.

e Private-sector entities should be encouraged to align their portfolios with low-carbon transitions
by sharing risk mechanisms and reporting formats.

Success will depend not only on policy design but also on political will, institutional capacities,
and trust among various actors worldwide.
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Abstract
Green management has emerged as a modern approach integrating environmental considerations with
conventional management practices. In the healthcare sector, adopting environmentally conscious
strategies is increasingly essential to promote sustainability and enhance the institutional image. This
study aimed at identifying key green supply chain management (GSCM) practices and examining
their role in shaping the mental image of public healthcare institutions. The focus is on the Ain Shams
University Hospital, one of the largest medical institutions in Egypt and the Middle East. This study
employs both descriptive and analytical methodologies and combines theoretical exploration with
empirical analyses. A sample of 200 hospital employees was surveyed to assess the practical
application and perceived impact of the GSCM practices. The findings indicate that GSCM exerts a
statistically significant and positive influence on a hospital’s mental image. In particular, green
purchasing, marketing, and reverse logistics were found to have the strongest effects. In light of these
results, this study recommends the systematic implementation of GSCM practices across the
healthcare sector to enhance institutional perception and environmental responsibility. Future
research should investigate the broader array of factors necessary to facilitate the transition toward
fully green hospitals.
Keywords: Green supply chain management, mental image, green environmental, green

management practices, public healthcare sector
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Introduction

Recently, most organizations have become more interested in environmental issues, energy
savings, and pollution reduction. These organizations are willing to be environmentally
friendly to meet government requirements (Panpatil & Kant, 2022). This issue has prompted
organizations to develop strategies by implementing green supply chain management, which
covers all functions and stages of manufacturing using environmentally friendly materials,
manufacturers, packaging, distributors, logistics, warehousing, and customers. Green supply
chain management is considered one of the main priorities in organizational strategies that
wish to reduce their environmental impacts, as it is considered the key to their success and
compatibility with environmental requirements in an era in which success has been measured.
On the other hand, organizations concentrate on building a positive mental image in the
stakeholders' minds, as it plays an essential role in their success (Alwan & Rajab, 2021). In
addition, hospitals provide a high level of healthcare for patients and their families, generating
a positive mental image of the hospital.

The importance of this research stems from the increasing interest in protecting and
preserving the environment, the increasing interest in the mental image of the public health
sector in Egypt, and the need to find new methods and practices to improve mental image.

Following the introduction, this study outlines the research problem and highlights its
significance. A comprehensive literature review is then presented to elucidate the concept of
GSCM, its core practices, and the notion of mental image within the context of healthcare
institutions. Subsequently, the study details the adopted methodology, and a descriptive
analysis is conducted to assess the current status of the Ain Shams Specialized Hospital. The
paper concludes with key findings and practical recommendations intended to support
decision makers in advancing environmentally sustainable practices within the healthcare
sector.

Research Significance

In recent years, governments have increasingly prioritized enhancing healthcare services,
recognizing the vital role the public healthcare sector plays in national development. The
significance of this research stems from its focus on environmental responsibility within
organizations and its application to one of the most critical sectors in any country, the public
healthcare system.

This study seeks to advance scholarly understanding by offering new insights into the
concepts and practices of GSCM. It also contributes to the academic discourse by clarifying
the notion of mental image and its underlying components within the context of healthcare
institutions.

On a practical level, this research investigates the impact of GSCM on enhancing the
mental image of the Ain Shams Specialized Hospital. It identifies potential opportunities to
improve an institution's environmental and organizational reputation. Furthermore, this study
offers actionable recommendations to hospital administrators to support evidence-based
decision-making and promote sustainable management practices.
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Problem Statement

Public sector organizations face numerous challenges, such as the need to adopt
environmental protection practices to protect the environment from harmful effects, such as
pollution, and apply appropriate management practices to transform public hospitals into
green public hospitals. This research sheds light on implementing green supply chain
management, which is considered one of the essential management practices that protects the
environment and enhances the mental image in the Egyptian public healthcare sector in
general and in Ain Shams Specialized Hospital in particular.

Therefore, the core question of this study is, to what extent does green supply chain
management enhance mental image when applied to the Ain Shams Specialized Hospital?
The sub-questions of this study are as follows:

e What green supply chain management practices should be implemented?

e What specific green supply chain practices are currently being implemented at the
Ain Shams Specialized Hospital?

e How can these practices enhance hospitals’ mental image?

Research Objectives

The primary objective of this study is to identify key GSCM practices and develop a
comprehensive understanding of their associated mental image. In addition, this study
explores the impact of GSCM on enhancing the mental image of institutions within Egypt’s
public healthcare sector, with a particular focus on Ain Shams Specialized Hospital as a
representative case study.

Literature Review
The literature review is divided into three main pillars. The first pillar illustrates the concept
of green supply chain management and its practices, whereas the second pillar explains the
concept of mental image and its components. The third pillar reviews previous research that
examined the relationship between green supply chain management and mental image, and
then the study introduces the research gap.

Green Supply Chain Management (GSCM)

GSCM is a contemporary technique concerned with environmental innovation that integrates
environmental thinking with supply chain management. Green supply chain management can be
defined in several ways. According to Srivastava (2007), green supply chain management merges
environmental issues with supply chain management practices. Sundarakani et al. (2010) emphasize
that green supply chain management is an integration process that includes both environmental and
supply chain management practices. Younis (2016) clarified that greening must include all stages of
supply chain management, while considering minimal pollution and waste. Hervani et al. (2005)
defined it as the integration between the environment and green procurement, green manufacturing,
marketing, and reverse logistics. In a related context, AlMutfti (2023) outlines the importance of green
supply chain management as:
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e Achieving sustainable competitive advantage by preserving the environment, reducing
pollution rates, and preserving natural resources.

e Providing green products that are safe for human health.

e Reducing costs by minimizing waste, harmful gases, and toxic fumes.

e Reducing handling and maintenance costs owing to the use of clean technologies.

e Improving the quality and efficiency of production processes using clean production
techniques.

e Improving the organization's reputation.

Green Supply Chain Management Practices

Many researchers agree that there are multiple green supply chain management practices with little
difference between their opinions. Yassine (2022) categorized these practices as follows: green
design, green purchasing, green manufacturing, green distribution, green reverse logistics, and
environmental collaboration. Ying and Li-jun (2012) concluded that green supply chain management
is associated with green strategy, design, procurement, production, logistics, marketing, and
recycling. Younis (2016) found that most organizations adopted four practices: green purchasing,
eco-design, environmental cooperation, and reverse logistics. Zuhd (2018) and Amemba et al. (2013)
presented a framework of GSCM based on eco-design, green purchasing, green manufacturing, waste
management, reverse logistics, and organizational culture.

In line with the literature review, this study selected the most critical GSCM practices. These
practices were quoted in several studies and can also decrease harmful effects on the organizational
environment. These practices include green organizational culture, eco-design, green purchasing,
green production, green marketing, and reverse logistics.

Green Organizational Culture: Green organizational culture refers to directing employees
and shaping their behavior, activities, and actions to stay committed to protecting and
preserving the environment. Studies conducted by Subramanian and Suresh (2023) and
Murwaningsari (2023) support this concept.

Eco- Design: It focuses on environmental impacts by reducing energy consumption, raw
material consumption, and environmental pollution (Younis, 2022). It encompasses all
product development actions that contribute to reducing the harmful environmental impacts
of a product throughout its life cycle.

Green Purchasing: It is important for organizations to choose green materials that have a less
dangerous impact on the environment. The characteristics of green materials include good
performance, low energy use, easy handling, easy recycling, and waste reduction (Ying & Li-jun,
2012; Panpatil & Kant, 2021).

Green Production: It is a process that uses inputs with low environmental impacts and is highly
efficient in generating less pollution, leading to an improved corporate image (Saul et al., 2013).
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Green Marketing. Green marketing is an organization's commitment to preserving the
environment by using all marketing activities to deal with eco-friendly products to satisfy consumer
and societal needs (Almufti, 2023).

Reverse Logistics. It is an important process that begins with product return for reuse,
remanufacturing, and recycling. It plays a significant role in improving an organization's operational
efficiency and reducing costs (Onyango et al., 2014).

Mental Image

Mental image plays a vital role in the organization's success. A positive mental image
reflects stakeholders’ minds, especially staff behavior and customer loyalty, which leads to
improved competitive advantages for the organization (Alwan & Rajab, 2021).

The components of mental image:
1. The cognitive component consists of the knowledge and information received from the
surrounding environment.
2. The affective component involves feelings and attitudes that appear through joy and anger
(Ali, 2020).
3. The behavioral component is related to an individual's behavior that appears when their
needs and desires are satisfied.

The importance of mental image (AL-Rhaimi, 2015):

1. The components of mental imagery and their types interact to form a positive image of
an organization.

2. A positive mental image is considered the most important element that creates customer
acceptance and attracts customers to deal with the organization.

3. A positive mental image can draw attention to an organization and its products or services.

4. Tt creates efficient dealing with the environment through a sense of emotion and ethical
and social responsibility.

5. The positive mental image can improve a competitive advantage and develop sales.

The Impact of Green Supply Chain Management on Enhancing Mental Image

Many studies have examined the effects of green supply chain management in different fields.
El-Sayed and Kadry (2023) aim at identifying the dimensions of GSCM and how green
purchase management positively affects the quality of healthcare services. Haroun (2024)
finds that green supply chain management has a significant effect on improving the quality of
Egyptian pharmaceutical services. The research of Mohammad et al. (2021) had another point
of view. It assesses the impact of green purchasing, eco-design, and investment recovery on
the environmental performance of the manufacturing sector.

Al-Rhaimi (2015) and Awad (2017) clarify the effect of market applications on mental images
in the tourism sector. Routal (2023) and Salim et al. (2021) examine the influence of banking
services on the banking sector's mental image. Hashemand and Al-Rifai (2011) explain the
influence of the green marketing mix on consumers' mental image by applying it to industrial
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companies. Alwan and Rajab (2021) examine how the quality of hospital services can
improve the mental image.

Commentary on Literature Review

By analyzing the differences and agreements found in previous research, this study focuses
on clarifying the concepts of green supply chain management and mental image. Furthermore,
it offers helpful information regarding the implementation of green supply chain management
in various fields. Previous research has emphasized the importance of mental images, which
aligns with the current research. However, previous research differs in the identification of
green supply chain practices.

The Research Gap

Despite the global expansion of GSCM practices, a notable research gap remains in examining
their impact on enhancing the mental image of public healthcare institutions, particularly in
developing countries such as Egypt. Existing studies on GSCM predominantly focus on the
industrial and manufacturing sectors (Srivastava, 2007; Zhu et al., 2008), whereas the
healthcare sector, especially in the public domain, remains underexplored (Moktadir et al.,
2019). Moreover, limited research has addressed how environmentally sustainable practices,
such as green procurement, waste reduction, and eco-friendly logistics, affect stakeholders'
perceptions and the mental image of hospitals (Tseng et al., 2019). In the Egyptian context,
where public hospitals often struggle with public trust and service quality perception,
integrating GSCM could play a vital role in reshaping their image; however, empirical studies
in this area are scarce. This gap necessitates further investigation to determine how GSCM
implementation can contribute to improving public perception and the overall reputation of
Egypt’s public healthcare sector.

Therefore, this study sheds light on the most appropriate GSCM practices that can be
implemented and the practices that have the greatest impact on enhancing mental image in
the public healthcare sector in Egypt and Ain Shams Specialized Hospital in particular.

Research Methodology
The methodology outlines the structured framework adopted to explore the relationship
between green supply chain management practices and enhancing the mental image within
Egypt's public health sector.

Research Design

The research design consisted of two parts: a descriptive part in the theoretical section and
a quantitative part in the applied study. Theoretically, this study used an analytical approach
to define the concepts of green supply chain management and mental image. Furthermore,
this research conducted an applied study on the Egyptian public health sector to investigate
the correlations between green supply chain management and improving mental image.

The research set out the following hypotheses to achieve the research objectives. The main
hypothesis of this research is:
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H1: There is a significantly positive relationship between green supply chain management
and mental image improvement.

The sub-hypotheses are:

H2: There is a significant positive relationship between green organizational culture and
mental image.

H3: There is a significant positive relationship between eco-design and mental image.

H4: A significant positive relationship exists between green purchasing and mental image.
H5: Mental image and green production are substantially positively correlated.

H6: Green marketing and mental image have a positive association.

H7: A significantly positive relationship exists between reverse logistics and mental image.
Research Variables

Figure (1) illustrates the research variables, where the independent variable is Green
Supply Chain Management, encompassing environmentally friendly supply chain practices
and strategies, and the dependent variable is Mental Image, which reflects individuals’
perceptions and mental visualization of the organization influenced by these green practices.

Figure 1

Dependent and independent variables

Independent Variable Dependent Variable
HI
= H2: green organization culture | ———)]
—) H3: Eco- Deign —
Green Supply Mental
Chain [j ) H4: Green Purchasing ;:>: Image
Management
— HS: Green Production ——
— H6: Green Marketing e
| [ — H7: Reverse Logistics —

Source: Prepared by the author.
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Population and Sample

The research population consisted of employees of the Ain Shams Specialized Hospital.
This hospital provides the highest quality of healthcare in Egypt and the Middle East. The
hospital started its success in 1984, and has still exerted significant efforts to achieve
continuous improvement. In addition, the Ministry of Environment and the Ministry of Health
and Population seek to encourage healthcare organizations to transform into green and
sustainable ones, which is highly relevant and aligns well with Egypt's Vision 2030. Ain
Shams Specialized Hospital was selected for this study. Therefore, the hospital is now
conducting a gap analysis to determine the necessary technical requirements and needs to be
transformed into a green hospital.

The survey was distributed to 200 Ain Shams Specialized Hospital employees between
June and July 2024. The sample was accessed via an online survey using Google Forms.
The Sample Size

As it was difficult to reach all employees, the paper determined the size of the sample
according to the following formula:

Zé/z *p*(1-p)

nO = o2

Where Za is the critical value of the normal distribution at o (e.g., for a confidence level of
95%, a 1s 0.05, and the critical value is 1.96), p is the percentage of specific phenomena and
is set to 0.5, as it gives the highest value for the sample size, and e is the margin error set to
0.065 (this is an acceptable margin of error for the paper). The sample size was 200 um.

Data Analysis Techniques
The measurement tool used in this study was a 5-point Likert scale designed to capture
respondents' attitudes and opinions. The scale ranges from 1 to 5, where 1 represents
"Strongly Disagree", 2 represents "Disagree ", 3 represents "Neutral ", 4 represents "Agree ",
and 5 represents "Strongly Agree".

The data analysis techniques used in this study included several statistical methods to
ensure the results' reliability, validity, and accuracy. Indicators were built by combining
related statements into a single measure using the equal-weight method. Cronbach's alpha was
used to evaluate the reliability of the scales, with values closer to one indicating better internal
consistency. A score above 0.5 was considered acceptable for the questionnaire stability.
Composite reliability, which is a measure of internal consistency similar to Cronbach's alpha,
was used. It assesses the shared variance among observed variables, with a reasonable
threshold generally being 0.6 or higher, depending on the number of scale items (Tavakol &
Dennick, 2011).

Confirmatory factor analysis (CFA) was used to investigate the relationships among the
variables and assess the questionnaire's internal validity. The Kaiser-Meyer-Olkin (KMO) test
determines the sampling adequacy for factor analysis, with values between 0.8 and 1
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indicating suitability (Kaiser, 1970). Discriminant validity was confirmed using the Fornell-
Larcker criterion, which checks whether the square root of the average variance extracted by
a construct is greater than its correlation with other constructs.

Correlation analysis was conducted to determine the strength and direction of the
relationships between variables using Spearman's rank correlation coefficient. Spearman’s
rank correlation was preferred when the data did not follow a normal distribution or when
variables were ordinal in nature. Relationships were categorized as weak, moderate, or strong
based on the coefficient value, and significance was determined by comparing the p-value to
a 5% significance level (Spearman, 1904). Normality tests, including the Shapiro-Wilk and
Kolmogorov-Smirnov tests, were performed to assess whether the data followed a normal
distribution. For large sample sizes, nonparametric tests, such as Spearman’s correlation, are
robust and provide reliable results, even when normality assumptions are not met (Fornell &
Larcker, 1981).

Multiple regression analysis examines the effect of independent variables on a dependent
variable by using a mathematical model based on the nature of the dependent variable. The
analysis was performed using ordinary least squares (OLS), and it examined important
conditions such as normality, no multicollinearity (checked with variance inflation factor),
and linearity (evaluated with scatterplots of residuals and predicted values). These techniques
ensured the robustness and accuracy of the findings.

All the statistical techniques mentioned above, including reliability analysis, confirmatory
factor analysis (CFA), correlation analysis, and multiple regression analysis, were applied
using SPSS 26 and Stata 16. These software tools were selected because they were compatible
with the methods used in this study.

Descriptive Analysis

This section describes the demographic characteristics of the survey respondents, including
age, gender, educational background, work experience, and designation status. This is
followed by a discussion of the validity and reliability tests of the model's variables, and an
analysis of each statement headed by a variable in the model is provided in terms of the mean,
minimum, maximum, and standard deviation. The primary data for this study were collected
via a self-completed survey, with a total of 200 participants who completed the survey.

Demographic Analysis

This section addresses the sociodemographic characteristics of the selected sample. Table
(1) provides an overview of participants' characteristics in terms of frequency and percentage.
The table indicates that the majority of the sample (60.5 %) were male, 37.5% were aged 30
to 40 years, and 69% of the respondents had a university degree. In addition, the work
experience shows that 33% of the respondents had 5 to less than 10 years of experience, and
70% of the respondents were at middle or low managerial levels.
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Table 1
Description of demographic characteristics among survey participants (n=200)
Variable Frequency Percentage
Gender
Female 79 39.5%
Male 121 60.5%
Age
Less than 30 years 23 11.5%
From 30 to 40 years 75 37.5%
From 41 to 50 years 53 26.5%
More than 50 years 49 24.5%
Educational Level
High school graduate 16 8.0%
University graduate 138 69.0%
Postgraduate qualification 46 23.0%

Work Experience

Less than 5 years 17 8.5%

From S to less than 10 years 66 33.0%
From 10 years to less than 15 years 59 29.5%
15 years or more 58 29.0%

Designation Status

Middle or low managerial level 140 70.0%
Top managerial level 60 30.0%

Source: Prepared by the author based on results of study sample analysis.

Building Indicators of the Research Variables: Reliability and Validity Analysis

Table (2) presents the indicators created using equal-weight methods in row form. These
indicators were used to answer the hypotheses.

Cronbach’s alpha reflected the reliability of the research statements, with values ranging from
0.770 to 0.950 for variables that exceeded the threshold of 0.70. In addition, the composite reliability
varies from 0.528 to 0.809, which is above the preferred value of 0.50, thereby proving that the model
is internally consistent. Furthermore, CFA investigates the interrelationships between variables to
determine whether they can be gathered into a smaller set of baseline factors. A CFA was used to test
the internal validity of the questionnaire.

The KMO test measures the data's suitability for factor analysis. It also measures the sampling
adequacy of each variable in the complete model. The statistic measures the proportion of variance
among variables that might be common variance. The lower the proportion, the more suited the data
are to factor analysis.
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Table 2

Reliability and validity of the questionnaire in each category by using the Cronbach's Alpha
coefficient

Number of | Cronbach's | Composite Bartlett’s .
Constructs Statements | Alpha Relial:)ility KMO Test AVE | Item Loading
GSCM1 0.518
GSCM2 0.584
GSCM3 0.611
GSCM4 0.556
GSCM5 0.714
GSCM6 0.707
GSCM7 0.822
GSCM8 0.813
. o] GSCM9 0.788
reen Supply
Chain 20 0.944 0.556 0.913 3863.633 0.831 GSCMI0_| 0.630
N (0.000) GSCM11 | 0.867
GSCM12 | 0.799
GSCM13 | 0.888
GSCM14 | 0.866
GSCM15 | 0.829
GSCM16 | 0.853
GSCM17 | 0.735
GSCM18 | 0.777
GSCM19 | 0.764
GSCM20 | 0.701
Green GOCl1 0.654
Organizational 4 0.831 0.551 0.683 ?32013)0 0.673 gggi 8232
Culture
GOC4 0.814
ED1 0911
Eco-Design 3 0.804 0.578 0.631 ?53504; 0.790 | ED2 0.905
ED3 0.715
GPURI 0.845
Green 3 0.770 0.528 0.662 | 207322 | 9717 [GPUR2 | 0.901
Purchasing (0.000)
GPUR3 0.791
Green 479.741 GPROIL 0540
Production 3 0.921 0.795 0.759 (0.000) 0.876 | GPRO2 0.922
GPRO3 0.946
GM1 0.900
Green 522.285 GM2 0.927
Marketing 4 0.885 0.657 0.818 (0.000) 0.871 M3 0.863
GM4 0.813
Reverse 278.769 RL1 0.901
Losfision 3 0.854 0.661 0.716 (0.000) 0.778 | RL2 0.901
RL3 0.842
MI1 0.822
Mental Image 12 0.946 0.591 0.899 ?51)%)'05)22 0.783 xﬁ 82(5)?
MI4 0.879
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MI5 0.921

MI6 0.613

MI7 0.701

MIS8 0.819

MI9 0.847

MI10 0.868

MI11 0.902

MI12 0.839

CCl1 0.908

» cC2 0917

(C:Ziiﬁgrvl:m 5 0.950 0.793 0.866 23 33'00)84 0.837 | CC3 0.952

CC4 0.887

CC5 0.909

. ACl1 0.881

Affective 3 0.826 0.612 0.634 | 273835 o745 [ac2 0.929
Component (0.000)

AC3 0.773

BC1 0912

Behavioral 771.584 BC2 0.951

G 4 0.944 0.809 0.851 (0.000) 0.859 BC3 0.929

BC4 0.913

Source: Prepared by the author based on results of study sample analysis.

From the previous table, the results of the CFA showed that all items were loaded into their
constructs, as suggested in the proposed model, as the loadings of all items were greater than
0.50. On the other hand, the Average Variance Extracted (AVE) values are above the
recommended threshold of 0.50, which indicates that the constructs could explain more than
50% of the statements, and these values reflect high internal validity. Moreover, the KMO
values for all variables were greater than 0.5, and Bartlett’s test of sphericity was significant,
indicating sample adequacy.

Table (3) shows the Fornell-Larcker criterion, which is considered one of the most popular
techniques used to check the discriminant validity of the measurement models. From table
(3), the results of the Fornell-Larcker criterion show that the correlations of a construct with
other constructs are less than the square root of its AVE. Thus, the discriminant validity was
successfully established.

The International Journal of Public Policies In Egypt, Volume 4,Issue 3 (July 2025) Published by IDSC



159

The Impact of Green Supply Chain Management on Enhancing Mental Image:

Empirical Case Study of Ain Shams Specialized Hospital

‘sisATeue o[dwes Apms Jo sjnsal uo paseq loyne ay) £q paredoid :204nog

"JOA9] %G T8 JUBOLIUSIS 4 ‘[OAI] %1 18 JUBOYIUSIS 4

juouodwo))
LT6°0 *%169°0 #x6LL°0 #*x[16°0 *%8L9°0 *%x689°0 *%x819°0 #*%x585°0 | %x009°0 *xL17°0 #*x01L°0 [eI01ARYOg
juouodwo))
€980 #*xLV9°0 #*%x£98°0 *%685°0 #*%x£65°0 #*%x6€5°0 #xCV'0 | %x105°0 #%xE€LE°0 *%x909°0 APV
juouodwo))
S16'0 #xV16°0 #*x199°0 #xSVL0 *%889°0 #*x585°0 | #x¥SS0 #x£0€°0 *%689°0 oAnIuSo))
G880 #xL1L°0 #xLSL°0 #%069°0 #%x809°0 | #x¥19°0 #x107°0 #*x9VL°0 oBew] [EJUIN
SonsIS0]
880 #*%COL'0 #x[€L°0 #%x0C9°0 | %%8¢€9°0 #*xC0V°0 #*x518°0 OSIOATY
SunayIepy
€£6°0 #*%x818°0 #xLEL0 | %x9€L°0 #*%xC8Y°0 *%C06°0 u0aI0)
uonoNpoIg
9¢6°0 #x[18°0 | #x91L°0 #x1€€°0 #x058°0 T
Surseyomg
LY80 | %xLSLO #x007°0 *x578°0 wooIn)
6880 %x995°0 *%[88°0 ug1sa(-09g
amny
0280 #xL69°0 |  [eUONEZIUESIO
Uu2210)
JuowoSeuRA
160 LIENe)
Aiddng  uoa1n
jusuwaSeuRIA
juouodwo)) | jusuodwo)) | jusuoduwo)) a3ew] sonsI3o] | Suneyiely | uononpoig Surseyoing udisog SHIID urey)
[eIOIABYD] | QAIOPY aAnIu30) [eIuaIN OSIOADY Uu2310) uQ91n) Q1D -00g _mqoMMMMwwHO A1ddng
u201n)

UOLIDILLD LDYOUDT-]]OUOL]

£ 9IqeL

Published by IDSC

The International Journal of Public Policies In Egypt, Volume 4,Issue 3 (July 2025)



The Impact of Green Supply Chain Management on Enhancing Mental Image:
160 Empirical Case Study of Ain Shams Specialized Hospital

Descriptive Statistics of Variables and Statement Items
In this section, we provide detailed descriptive statistics and analyses of each item in the model
variables. Table (4) presents the minimum, maximum, mean, and standard deviation values.

Table 4
Descriptive statistics for research constructs (n=200)
Sflmple Minimum | Maximum | Mean Starfda-rd
Size Deviation
Green Supply Chain Management 200 1.55 5 3.622 | 0.522
Green Organizational Culture 200 1.25 5 2.908 | 0.747
The hospital's vision includes the green practice. 200 1 5 2.330 | 0.802
The hospltal management clarifies all green practice 200 | s 3340 | 0.887
information to all the departments.
There is a penalty system for violating green practices. | 200 1 5 3.360 | 0.880
Ther§ is a budget allocated for supporting green 200 1 5 2610 | 1.079
practices.
Eco-Design 200 1 5 3.623 | 0.664
All ' the matena'lls used in the hospital are 200 1 5 3390 | 0.873
environmentally friendly.
A.ll products .can be recycled into environmentally 200 1 5 3500 | 0.845
friendly materials.
The hospital is concerned with improving the products 200 1 5 3980 | 0.605

to lessen environmental harm.
Green Purchasing 200 1 5 3.777 | 0.650
The hospital is concerned with purchasing material that

. 200 1 5 4.040 | 0.644

has less environmental harm.
The hospital i lyi i 1 criteri

e .osplta is applying environmental criteria to 200 1 5 3910 | 0.674
suppliers.
The. hospital deals with suppliers who have quality 200 | 5 3380 | 0.990
certificates.
Green Production 200 1.67 5 3.895 | 0.578
The 'hospltal uses environmentally friendly raw 200 ) 5 3910 | 0.547
materials.
The hospital is concerned with producing products that 200 1 5 3830 | 0.714
can be recycled.
The hospital replaces dangerous materials with 200 ) 5 3.040 | 0.594

environmentally friendly materials.
Green Marketing 200 1.75 5 3.861 | 0.561
The hospital promotes the concept of resource and

. 200 2 5 3.920 | 0.605
energy conservation.

The hospital prices the services fairly. 200 2 5 3.880 | 0.586

The hospital seeks to increase its marketing share

. . . 200 1 5 3.960 | 0.553
without harming the environment.
The . hospital uses energy-saving transportation 200 ) s 3680 | 0.826
techniques.
Reverse Logistics 200 1.67 5 3.827 | 0.595
The hospltal is keen on reusing the products as much as 200 ) 5 3870 | 0.623
possible.
The hospital uses clean energy. 200 1 5 3.770 | 0.707
The hospital safely gets rid of non-manufacturable 200 1 s 3850 | 0.695
waste.
Mental Image 200 1.92 5 3.904 | 0.530
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Cognitive Component 200 1.8 5 4.003 | 0.534
The hospital is characterized by credibility in dealing

. . . e 200 1 5 4.020 | 0.605
with patients and their families.
All employ.ees are committed to giving a positive image 500 ) 5 4010 | 0630
of the hospital.
The hospital provides awareness of patients’ medical 200 ) 5 4010 | 0567
rights.
Patients .can easily learn about the services provided by 200 ) 5 3980 | 0.580
the hospital.
The hospital cont.rlbutes to increasing the therapeutic 500 ) s 3090 | 0.540
culture among patients.
Affective Component 200 1.67 5 3.672 | 0.762
Pat%ent.s are interested in visiting the hospital 200 1 5 3540 | 0.976
periodically.
Patients const.antly follow the hospital's website to learn 200 1 5 3570 | 0.959
about everything new.
Patients can easily communicate with the hospital 200 1 5 3900 | 0.692

administration to submit complaints or suggestions.
Behavioral Component 200 2 5 3.955 | 0.533
The hospital is interested in building good relationships

. . 200 2 5 3.920 | 0.596
with patients.
The ho'spltal .15 a source of appreciation from patients 200 ) 5 3040 | 0.573
and their families.
The hospital administration has a conscious and 200 ) s 4000 | 0540
advanced management.
The hospital seeks to gain the trust of patients and their 200 ] 5 3960 | 0.592

families.

Source: Prepared by the author based on results of study sample analysis.

From the above table, the paper can conclude that:

Green Supply Chain Management. Respondents agreed with statements on green supply chain
management, with mean values ranging from 3.5 to 4.5 and a standard deviation of 0.522. Green
production received the highest agreement, whereas green organizational culture had the lowest
agreement. Green marketing was the most homogeneous variable, showing the least variance,
whereas green organizational culture was the most non-homogeneous, exhibiting the highest
variance.

Green Organizational Culture. Respondents demonstrated a neutral stance toward green
organizational culture, as indicated by mean values ranging between 2.5 and 3.5 and a
standard deviation of 0.747. Among the items assessed, the highest level of agreement was
observed for the presence of a penalty system addressing violations of green practices. In
contrast, the lowest level of agreement pertained to integrating green practices within the
hospital's vision. In terms of response consistency, perceptions were most uniform regarding
the hospital's vision, whereas the greatest variability was noted in responses concerning the
allocation of budgets to support green practices.

Eco-Design. Respondents agreed with eco-design statements, with mean values between 3.5
and 4.5 and a standard deviation of 0.664. The highest agreement was for improving products
to reduce environmental harm, whereas the lowest agreement was for using environmentally
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friendly materials. The most homogeneous statement concerned product improvement,
whereas the least homogeneous concerned environmentally friendly materials.

Green Purchasing. Respondents agreed with green purchasing statements, with mean values
between 3.5 and 4.5 and a standard deviation of 0.650. The highest agreement was for
purchasing materials with less environmental harm, whereas the lowest agreement was for
dealing with suppliers with quality certificates. The most homogeneous statement concerned
environmentally conscious purchasing, whereas the least homogeneous statement concerned
supplier quality certificates.

Green Production. Respondents agreed with green production statements, with mean values
between 3.5 and 4.5 and a standard deviation of 0.578. The highest agreement was for
replacing dangerous materials with environmentally friendly ones, whereas the lowest was
for producing recyclable products. The most homogeneous statement was about using
environment-friendly raw materials, whereas the least homogeneous was about producing
recyclable products.

Green Marketing. Respondents agreed with green marketing statements, with mean values
between 3.5 and 4.5 and a standard deviation of 0.561. The highest agreement was for
increasing the market share without harming the environment, whereas the lowest was for
using energy-saving transportation. The most homogeneous statement was about increasing
market share, whereas the least homogeneous statement was about transportation techniques.

Reverse Logistics. Respondents agreed with reverse logistics statements, with mean values
between 3.5 and 4.5 and a standard deviation of 0.595. The highest agreement was for reusing
the products as much as possible, whereas the lowest was for using clean energy. The most
homogeneous statement concerned reusing products, whereas the least homogeneous was
about clean energy.

Mental Image. Respondents agreed with mental image statements, with mean values between 3.5
and 4.5 and a standard deviation of 0.530. While the affective component had the lowest level of
agreement, the cognitive component had the highest. The behavioral component was the most
homogeneous, whereas the affective component was the least homogeneous.

Cognitive Component. Respondents agreed with cognitive component statements, with mean
values between 3.5 and 4.5 and a standard deviation of 0.530. The highest agreement was for
the hospital's credibility in dealing with patients, whereas the lowest agreement was for
patients who easily learned about hospital services. The most homogeneous statement was
about increasing therapeutic culture, whereas the least homogeneous was about employees
maintaining a positive image.

Affective Component. Respondents agreed with affective component statements, with mean values
between 3.5 and 4.5 and a standard deviation of 0.762. The highest agreement was for straightforward
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communication with the hospital administration for complaints or suggestions, whereas the lowest
was for patients' interest in periodic visits. The most homogeneous statement was about
straightforward communication, whereas the least homogeneous statement was about periodic visits.

Behavioral Component. Respondents agreed with the behavioral component statements, with mean
values between 3.5 and 4.5 and a standard deviation of 0.533. The highest agreement was for hospital
administration's advanced management, whereas the lowest was for building good patient
relationships. The most homogeneous statement was about advanced management, whereas the least
homogeneous statement was about patient relationships.

Inferential Statistics

This section presents the statistical tests performed to check the research ideas. It starts with a
normality test to see how the data are spread out and then a correlation test to see how strongly and
in what direction the study variables are related.

Normality Test

Table (5) shows the normality test used to examine the variable's distribution scale. The test results,
shown in table (5), revealed that not all study variables were normally distributed because their
significance values were below 0.05. However, since the valid collected sample had 200 responses,
according to Sekaran (2016), a study with a sample size of more than 30 to 50 participants is capable
of running parametric tests, especially in multivariate research. Moreover, running a parametric test
when the data variables are normally distributed can be violated if the study's sample size is large or
moderate, and the results can still reflect precision and accuracy (Green & Salkind, 2005).

Table S
Normality tests
Kolmogorov Smirnov Shapiro-Wilk
Statistic Df Sig. Statistic df Sig.
Independent Variable
Green Supply Chain Management | 0.160 200 0.000 0.858 200 0.000
Green Organizational Culture 0.118 200 0.000 0.958 200 0.000
Eco-Design 0.240 200 0.000 0.848 200 0.000
Green Purchasing 0.251 200 0.000 0.847 200 0.000
Green Production 0.397 200 0.000 0.631 200 0.000
Green Marketing 0.378 200 0.000 0.708 200 0.000
Reverse Logistics 0.450 200 0.000 0.571 200 0.000
Dependent Variable
Mental Image 0.248 200 0.000 0.758 200 0.000
Cognitive Component 0.343 200 0.000 0.659 200 0.000
Affective Component 0.327 200 0.000 0.816 200 0.000
Behavioral Component 0.379 200 0.000 0.652 200 0.000

Source: Prepared by the author based on results of study sample analysis.

Correlation Test

Table (6) presents the values of the Spearman’s correlation coefficients for the study variables. The
results indicate a strong positive relationship between green supply chain management and mental
image, as Spearman’s coefficient exceeded 0.7. Furthermore, this relationship was statistically
significant, with a p-value less than the significance level of 0.05.
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Testing the Research Hypothesis

Path analysis estimates the coefficients and significance of each path to test the theoretical model
in the presence of a mediator.

First Structural Equation (SE) Model

The first structural equation (SE) model, as shown in figure (2) and table (7), included
green organizational culture, eco-design, green purchasing, green production, green
marketing, and reverse logistics as independent variables, whereas mental image was the
dependent variable.

Figure 2
First path diagram
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Source: Prepared by the author.

Table (7) shows the estimates of the proposed model, highlighting different levels of importance
among the parts of green supply chain management and how they directly affect the mental image.
The results indicate that green organizational culture and eco-design do not have a statistically
significant direct effect on mental image at the 95% confidence level. Similarly, green production
had no significant direct influence within the same confidence interval. By contrast, green purchasing
demonstrates a statistically significant and positive direct impact on mental image, with an estimated
effect of 0.177. Green marketing exhibited the strongest positive influence, with a significant direct
impact of 0.523. Additionally, reverse logistics shows a significant positive direct effect, with an
estimated coefficient of 0.275. These findings highlight the differential impact of green supply chain
components on mental image, emphasizing the importance of green purchasing, marketing, and
reverse logistics in shaping public perceptions. The overall model fit was assessed using multiple
goodness-of-fit measures to ensure the robustness and validity of structural relationships.

The International Journal of Public Policies In Egypt, Volume 4,Issue 3 (July 2025) Published by IDSC



The Impact of Green Supply Chain Management on Enhancing Mental Image:

166 Empirical Case Study of Ain Shams Specialized Hospital
Table 7
Path coefficients and significances
Structural Path Path Composite Std. Error Sig.
Coefficient reliability
(C.R)
(t-value)
Mental Image < Green Organizational | 0.031 0.35 0.0878 0.725
Culture
Mental Image € Eco-Design -0.027 -0.60 0.0450 0.550
Mental Image € Green Purchasing 0.177 2.00 0.0884 0.045
Mental Image € Green Production -0.065 -0.63 0.1024 0.527
Mental Image € Green Marketing 0.523 5.58 0.0928 0.000
Mental Image € Reverse Logistics 0.275 4.13 0.0666 0.000

Source: Prepared by the author.

Table (8) shows that the chi-square value of 1023.193 with 224 degrees of freedom is statistically
significant at 0.05, indicating that the model is not a good fit. However, the chi-square test was very
sensitive to the sample size. The results showed that all the fit indices obtained were satisfactory and
within the suggested boundaries. Accordingly, the results confirm the acceptable fit of the proposed

model.

Table 8

Goodness of fit indices
Indices Abbreviation Recommended Criteria | Results conclusion
Chi-Square x2 P-value > 0.05 1023.193 | Not a Good

Fit
Degree of 224 !
Freedom
Level of 0.000
Significance
Normed  Chi- )(_2 1<% <5 4.568 Good Fit
Square DF DF
RMESA Root Mean Square Error of | < 0.05 Good Fit 0.036 Good Fit
Approximation < 0.08 Acceptable Fit

NFI Normed Fit Index >0.90 0.990 Good Fit
RFI >0.90 0.940 Good Fit
IFI >0.90 0.946 Good Fit
TLI Tucker-Lewis Index >0.90 0.960 Good Fit
CFI1 Comparative Fit Index >0.90 0.983 Good Fit

Source: Prepared by the author.

Second Structural Equation (SE) Model
Figure (3) shows another SE model used to study the overall impact of green supply chain
management on mental image.
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Figure 3
Second path diagram
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Table (9) presents the estimates of the proposed model, indicating that green supply chain
management has a statistically significant and positive direct effect on mental image. As shown in
the table, the estimated effect size is 1.076, and this relationship is significant at the 95% confidence
level. These findings underscore the positive influence of green supply chain practices on how
organizations are perceived. The overall model fit was evaluated using several goodness-of-fit
measures to ensure the validity and reliability of the structural model.

Table 9
Path coefficients and significances
Path C.R Std.

Structural Path Sig.
ructural r'a Coefficient | (t-value) | Error '8
Mental Image < Green Supply Chain 1076 6.97 0.1542 0.000

Management

Source: Prepared by the author based on results of study sample analysis.

Table (10) shows that the chi-square value of 121.004 with 128 degrees of freedom is statistically
significant at the level of 0.05, which traditionally suggests that the model may not be a satisfactory
fit. However, it is well established that the chi-square test is highly sensitive to sample size and may
indicate a poor fit, even when the model is acceptable. As shown in the same table, all other fit indices,
such as CFI, Tucker-Lewis Index (TLI), and Root Mean Square Error of Approximation (RMSEA),
were within the suggested limits, which confirms that the model is good enough. Therefore, despite
the significance of the chi-square statistic, the results supported an acceptable overall fit of the
proposed model.
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Table 10
Goodness of fit indices

Indices Abbreviation Recommended Criteria Results conclusion
Chi-Square x2 P-value > 0.05 121.004
Degree of
Freedom 26 Not a Good Fit
Level of 0.000
Significance
N hi- 2

ormed  Chi X <X s 4654 | Good Fit
Square DF DF

- .
RMESA Root Mean .Square Error of | <0.05 Good Fit . 0.041 Good Fit
Approximation < 0.08 Acceptable Fit

NFI Normed Fit Index >0.90 0.984 Good Fit
RFI >0.90 0.956 Good Fit
IFI >0.90 0.940 Good Fit
TLI Tucker-Lewis Index >0.90 0.970 Good Fit
CFI Comparative Fit Index >0.90 0.992 Good Fit

Source: Prepared by the author based on results of study sample analysis.

Conclusion

In conclusion, the main objective of this research is to investigate the influence of green supply

chain management on enhancing the mental image in the public healthcare sector in Egypt and
evaluate the Ain Shams Specialized Hospital in particular.

This empirical study discovers the green supply chain practices currently implemented at Ain

Shams Specialized Hospital, which are represented in green purchasing, green marketing, green

production, eco-design, and reverse logistics. In addition, this study clarifies the most important

practices that positively influence improving mental image.

The empirical study's results indicate that the main hypothesis of the research, that green supply
chain management has a significant direct positive impact on mental image, is being accepted.

In addition, the results of the research analyzed the sub-hypotheses and found the following:

1. The practices of green supply chain management that have a significant positive impact on
the mental image are:

e Green purchasing: This is because the hospital is concerned with purchasing materials that
cause less environmental harm.

e (Green marketing: Because the price of services is fair, hospitals seek to increase their
marketing share without harming the environment and using energy-saving transportation
techniques.

e Reverse logistics: This is because clean energy is used to safely remove waste.
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2. The practices of green supply chain management that have a moderate impact on the mental
image are:

e Eco-design: This is because hospitals are concerned with enhancing products to reduce
environmental harm; however, not all the materials used in the hospital are environmentally
friendly.

e Green production: The hospital is trying to replace dangerous materials with
environmentally friendly ones, but not all products can be recycled because they do not have
this facility.

3. Green organizational culture has an insignificant influence on the mental image of green
supply chain management practices. Additionally, no budget is allocated to support green
practices, and all hospital departments lack information regarding these practices.

Recommendations and Further Research

The research provides recommendations to leaders and officials in the public healthcare sector in
Egypt in general and in Ain Shams Specialized Hospital in particular to enhance the hospital's mental
image and help it become a green hospital in Egypt. There is a crucial need to implement green supply
chain management in the healthcare sector, which increases its positive impact on mental images.

The hospital must adopt and implement the following tools to protect and preserve the environment:
e Changing the hospital's vision and mission to concentrate on green practices.
e Training employees to implement green practices.
e Allocating a budget to support green practices.
e Developing a hospital culture as a green hospital using integrated plans.

It is also necessary to:

e Pay more attention to enhancing the mental image of hospitals.

e Use green practices to keep patients and their families healthy.

e Focus on increasing patients' awareness of the green services provided by the hospital.

e Improve the quality of services and information provided to patients.

e Develop simple and clear promotional methods capable of establishing good impressions
among patients.

e Pay more attention to patients' complaints, verify them, and immediately handle them
appropriately and professionally.

Future studies should investigate a set of factors—organizational, technological, financial, and
regulatory—that are critical for enabling a successful transition to green hospitals.
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