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ABSTRACT

Climate change is undoubtedly one of the long-term challenges confronting humanity across the globe. Most of the economies have taken serious
initiatives that support reduce greenhouse gas emissions as well as accelerate financial flows to clean and sustainable projects. This study investigates
the influence of green financing on environmental sustainability — represented by climate change mitigation- in Egypt from 1990 to 2021. Augmented
Dickey—Fuller, Phillip-Peron unit root tests and quantile autoregressive distribute lag model were employed for empirical estimates. Results reveal that
green financing is negatively associated with greenhouse gas emissions. It is also worth noting that research and development investment promotes
environmental sustainability, while population growth hinders it. Moreover, economic growth does not play a vital role in climate change. There are
still many fences to green finance that need to be addressed. It is recommended that policymakers push the financial sector to adopt a green finance
strategy to further the goals of long-term sustainable development.

Keywords: Green Finance, Climate Change, Sustainable Development
JEL Classifications: C3, 013, Q1, Q5

1. INTRODUCTION 2008, p. 1)*. Global warming must be kept below 2°C by 2035,
which will require $53 trillion for investments in energy-related
Across the globe, climate change and sustainability have received ~ projects (OECD, 2018a).
a lot of attention. It is stated in the 2015 Paris Agreement, which
was adopted as part of the United Nations Framework Convention ~ Additionally, losses resulting from damage caused by natural
on Climate Change (UNFCCC), that world leaders have come to a disasters and climate change have magnified since the eighties,
general consensus on this subject'. As a result of the agreement, the consequent negative repercussions are expected to slow global
member countries are obliged to work together to mitigate climate economic growth and adversely affect the performance of financial
change. “Greenhouse gas (GHG)? emissions are externalitiesand ~ markets (World Bank, 2020). The transition to a green economy

represent the biggest market failure the world has seen” (Stern, is crucial for the world to avoid tragic climate change. The
International Energy Agency (IEA) estimated that an additional

1. The 2015 Conference of Parties (COP)21 held in Paris, following the 1992 investment of $26 trillion in renewable energy and energy
UNFCCC and the 1997 Kyoto Protocol. efficiency is required between 2015 and 2040 (IEA, 2021). Overall,

2. The UN identifies seven main greenhouse gases (GHG) that are major . . . e
drivers of climate change: carbon dioxide (CO2), methane (CH4), nitrous reaching the global targets in 2030 may require mobilizing green

oxide (N20), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), finance of $90 trillion (GCEC, 2018).
sulphur hexafluoride (SF6) and nitrogen trifluoride (NF3). As CO2 is by far
the most common GHG caused by human activity, it is sometimes used as 3. A comprehensive and illuminating departure point for understanding the
a shorthand expression for all greenhouse gases. economics of climate change is the 2007 Stern Review.
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One of the most difficult challenges is financing climate change
mitigation and adaptation actions and their long-term viability. The
Intergovernmental Panel on Climate Change (IPCC) report noted
the importance of mobilizing green finance in order to limit global
warming to 1.5°C and prevent catastrophic climate change. Fully
implementing the Paris Agreement to meet this climate target will
require $1.5 trillion in green financing annually through 2030 (IPCC,
2022). At the same time, surging green finance is key to streaming
energy demand, which is fueled by economic growth, population
growth and enhanced energy access (Larsen, 2019). As a result,
scaling up green finance is mandatory. A major shift in investment
patterns is needed to provoke green finance, and that requires a distinct
focus of regional government policies. Recently, there is a growing
number of countries supporting green finance and new measures are
being implemented. Learning from these experiences could assist to
arrange effective policies to further foster green finance (UNEP, 2017).

As green financing aimed at mitigating climate change by
decreasing the carbon drifts, there is a need to identify the nexus
between green financing, carbon drifts and climate change
mitigation. In addition, to present the policy guidelines for key
stakeholders if suggested policy measures applied effectively to
enhance climate control specifically during crises periods (Moz-
Christofoletti and Pereda, 2021; Pawar and Wu, 2021).

Although there are many empirical studies across different regions
and countries regarding this topic, few studies are available in
the context of Egypt. At this end, this study is an attempt to
investigate the impact of green financing on climate change in
Egypt between 1990 and 2021 along with other control variables
that are influencing it. Hereby, the study signifies the following
major parts; after the introduction section 2 reviews the literature
on aligning green finance and climate change. Subsequently,
section 3 is an empirical insight with special focus on Egypt.
Section 4 discusses data and the econometric model followed by
results and discussion in section 5. Last section concludes.

2. LITERATURE REVIEW ON GREEN
FINANCE AND CLIMATE CHANGE

At the beginning of the eighteenth century, specifically with
industrial revolution which was a transition to new manufacturing
processes that involves burning fossil fuels like oil, gas and coal.
Since 1970, CO, emissions have increased by about 90%. Green
Finance is becoming a strategic and viable tool to drive a world
with lower carbon, healthy climate and less environment damage
(Muchiri et al., 2020)*. As mentioned by Ehlers and Packer
(2016) green finance enhances the natural environment along
with managing current and future environmental risks. It includes
products (services) that will draw capital towards green industry
sectors®. Green finance mainly promotes the flow of financial

4. Whether it’s sustainable finance or environmental finance or say green
investment or climate finance; all the terms are relatively used in green finance.

5. The most common green industry sectors include industry that focuses
on renewable energy production, storage, distribution, transport (green),
recycle, prevent pollution, and conserve water as well as forest. It
encourages approach, strategy, culture, business process focusing
environment throughout the industry.
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instruments towards the development of sustainable business
projects, social investment, social trade and environmental policies
(Sarker et al., 2022). It provides a vital way to introduce and
develop policies to reduce global warming (BIS, 2017).

There are several concepts related to green finance, sustainable
finance, climate finance and low carbon finance. All these concepts
refer to the use given to financial resources. The concept of green
finance came into the discussion when the world started to face
climate changes which are not in their favor. The importance
of green finance has been highlighted by initiating investment
products that protect the environment and provide economic
prosperity (Akomea-Frimpong et al., 2021)5.

Green finance addresses environmental and climate change
issues. According to Sachs et al. “We need to expand financing
for investments that benefit the environment. New financial
instruments and policies are needed, including green bonds, green
banks, carbon market instruments, fiscal policy, green central
banking, fintech, and community based green funds, collectively
known as green finance” (2019, p. 5). In other words, public
financing instruments and policies are also considered to be
included in green finance.

Arkhipova (2017) argued that green financing refers to investments
in sustainable environmental projects, and solid policies that aim
to encourage the development of the sustainable green economy.
These financial projects as mentioned by Dikau and Volz (2021)
can be related to industrial pollution control, GHG emissions,
or biodiversity protection. Weber and Elalfy (2019) highlighted
that green financing in general a broader term which most studies
available in the literature describe it as financing of sustainable
environmentally friendly projects, therefore, green loan play role
of a bridge which connects financial institutions and environment-
friendly industries.

Notwithstanding its popularity in recent years, green finance
remains a complex topic. It refers to financial investments
made specially to promote environmental protection. Green
finance includes green asset financing, green loans and green
investing (Sun et al., 2020)”. Green finance laws govern loan
availability in less developed financial ecosystems and state-
owned enterprises. As claimed by Yu and Solvang (2020), it
should utilize existing bank and corporate relationships as well
as current technology. Carbon emission-based green finance
schemes often benefit both companies and suppliers, it helps
the industrial sector as well (Bodnar et al., 2018). In conclusion,
the positive relationship between green finance instruments and
business innovation makes green finance a promising tool for
transition to intelligent and sustainable manufacturing (Liu and
Wu 2019). Global capital market monitoring of green bonds

6.  Banks created and allocated green financial products but now, green finance
policies are binding on financial institutions and corporates.

7. The private sector may help finance environmental projects that the
government doesn’t fund sufficiently. Environmental degradation is more
probable in poorer countries, necessitating significant green financing
initiatives. Developing country governments may create and implement
policies that promote green finance.
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is helping factor to develop a more dynamic green finance
ecosystem (Gerlagh et al., 2018).

In line with recent studies by Tiep et al. (2021), Yang et al. (2021),
Li et al. (2022), He et al. (2020) and Mohsin et al. (2021), Ali
etal. (2022) environment has been changing rapidly since the mid-
1990s, various procedures and tactics are proposed and put into
practice at various scales in order to lessen the impact of climate
change. According to Liu et al. (2021), Ikram et al. (2019) and
Shah et al. (2019), the carbon strategy and execution is one of the
biggest new businesses to deal with climate change.

Sen and Schickfus (2020) highlighted that climate change is
global, its origins are local, and its effects will be felt only after our
generation’s lives. The effects are most likely irreversible, but the
science must address significant layers of uncertainty®. Currently,
ecologists recommend stabilizing the stock of GHG emissions
below a certain target and thus acting to control and reduce new
flows or emissions in order to avoid causing irreversible damage
beyond 2050 according to Coscieme et al. (2021). On the other
hand, central banks may be mandated to actively use the tools at
their disposal to promote green investment or discourage brown
investment and play a developmental role (Dafe and Volz 2015).

In the same context, the mitigating measures naturally have a
cost of abatement. Changes have to occur in production and
consumption habits, and not just the obvious candidates like
transportation and energy (UNEP, 2017). There are many options
for abatement, ranging from improving current energy efficiency,
to changing the energy matrix, to renewable sources, to tackling
non-energy emissions/damages in agriculture and deforestation’
(Saint et al, 2021). Ironically, in some options, benefits exceed
costs and might create a new, virtuous, low carbon growth cycle
(Matthews et al., 2017).

Recent literature on the optimal financial response to climate
change has focused on the trade-off between direct costs and the
potentially uncertain long-term benefits of investments to reduce
carbon emissions (Giglio et al., 2021). In this regard, Wang (2020)
highlighted that finance was considered from the standpoint of
solving two problems: climate change in the right direction and
adaptation of the production and household system to climate
change.

The impact of green finance on climate change is being actively
studied. Recently, Policymakers and academics are examining the
scope and impact of COVID-19’s impact on the financial industry
and its involvement in post-pandemic economic and environment
recovery. However, the link between climate change and the
current pandemic in light of the development of green finance is
a new topic (Klioutchnikov and Kliuchnikov, 2021).

In the baseline scenario of post-pandemic, the key condition
for development includes investments in long-term human

8. Therefore, this subject mixes uncertainty, risk, prioritizing ethical choices
and international coordination for the common good.

9. The key is: It is ended up with an abatement cost of about 1% of world
GDP, which seems to be a reasonable insurance cost.
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health, environment and green economy (Wyns, 2020). Green
finance plays a leading role in creating measures to preserve
the environment and the sustainability of the economy, and in
the new conditions in providing epidemiological measures to
protect humans, which is extremely important for the effective
reproduction of human capital'®. The green focus of post-pandemic
economic recovery will increase the resilience of society to
pandemics and other emergencies, including climate change (Cox
and Piccolo, 2020).

Under the influence of the pandemic, many problems in the
economy and finance have worsened significantly (Ngare et al.,
2022). It is widely believed that it is precisely the green focus of
financial investment after the pandemic that will open up new
prospects for sustainable growth, reduce the threat to society from
climate change and create millions of additional jobs in the coming
decades (Adom and Amoani, 2021). Guerriero et al. (2020) claimed
that financial analysts have observed that epidemiological methods
of studying disease incidence and prevalence are well-suited for
assessing financial risk and for building models that can analyze
green inclusions in finance and economics. Thus, the green focus
of finance in the post-pandemic business cycle will to a certain
extent become a predictive function (Desalegn and Tangl, 2022).

Climate change and their impacts around the world will threaten
businesses in a variety of ways (Watkiss, 2020). Thus, during
the pandemic, global CO2 emissions decreased and living
conditions in large cities and industrial centers improved. This is an
improvement in air quality due to a reduction in traffic. Declines in
air pollution in many countries, linked to the economic slowdown
caused by the virus outbreak (Dutta et al., 2021).

3. GREEN FINANCE AND CLIMATE
CHANGE: AN INSIGHT FROM EGYPT

Egypt is one of the least emitter countries, the current level of CO2
emissions in Egypt is 0.67% which is far lower than the world
average''. It is noted that climate change adaptation and mitigation
actions would require a total estimated cost of about $73 billion
over the 2020-2030 period (IMF, 2023). Which emphasized the
importance of mobilizing international financial support and
technical assistance (UNFCCC, 2022).

The basic tools for green finance in Egypt are: Public Private
Partnership PPP'2, Green Bond and Blended Finance'*. As of
September 2020, Egypt issued the first sovereign green bond

10.  Even small changes in the behavior of people, companies, governments,
and investors can have a significant impact on the state of green finance.

11. See: World Bank Data C02 Emissions, Egypt.

12.  Fifty-five projects for a total of $10.3 billion in total have reached final
closure since 1990. The largest project was the Suez Canal Container
Terminal, with its financial closure in 2000 totaling $893.9 million. The
most recent project finalized was West Bakr Wind Farm, with its financial
closure in 2019 $35 million. 53 projects are under construction or operation
for an estimated outstanding of $3.5 billion. (see: PPP Knowledge Lab,
Egypt, 1 September 2021)

13. Based on Multilateral Development Banks (MDB’s) and Development
Finance (DFI’s) reports, the estimated amount of MDB/DFI outstanding
loans is approximately $27.9 billion (IFC, 2020)
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offering in the Middle East and North Africa, with a value of $750
million for 5 years at a yield of 5.25%, putting it on the map of
sustainable financing. Egypt had a portfolio of anti-pollution and
renewable energy projects worth $1.9 billion (Bloomberg, 2020)'.

Egypt has identified $1.9 billion for green projects eligible to be
financed with Green Bond future issuances. $564.46 million has
been disbursed towards these projects to date supported by the
2020 Green Bond (MoF, 2021). Egypt is targeting $7 billion in debt
sales (IMF, 2021)"°. However, Debt market total issuance 2007-
2021 is $276 billion (World Bank, 2022d), while sustainable bond
issuance is $850 million for the same time period (IFC, 2022)'¢.

According to the World Bank report, there are potential opportunities
in many sectors in Egypt, at the top of the list are energy and transport
seeking reduction of climate change. However, it is expected that
Egypt will face a significant financing gap between 2018 and 2038,
estimated to be at least $230 billion (World Bank, 2022c¢). During
this period, the estimated financing capacity for the Government
could reach $445 billion, while the total needed for infrastructure
investments would be approximately $675 billion (OECD, 2018b).
Infrastructure investment in Egypt has been declining without a
corresponding rise in private investments (World Bank, 2021).

Egypt is working on increasing the supply of electricity generated
from renewable sources to 20% by 2022 and 42% by 2035 (IMF,
2021). Its strategy is supported by an ambitious action plan for
green hydrogen production that the government is devising in
2022 (World Bank, 2022a). The financing of those projects is
one of the main challenges to the transition to clean energy in the
country (United Nations, 2020). This financing shortfall represents
a potential opportunity for real economy companies to issue
sustainable bonds to fund clean energy projects (IFC, 2020)"".

In addition, the Government of Egypt approved the National
Climate Change Strategy 2050 (NCCS), which marks an important
step for Egypt’s climate policy, laying down priorities for action
in mitigation and adaptation, supported by enabling goals on
regulatory, financing, technology and capacity constraints.'®.
Egypt is developing a national green taxonomy to identify green
assets more easily and undertake a budget tagging exercise to
align its public budget with commitments to national sustainable
development priorities and the Paris Agreement', the plans outline

14.  The government issued more green bonds in 2022 as part of stepping up its
efforts to add more green energy capacities in line with the UN Climate Change
Conference of Parties COP27 in November 2022 hosted in Sharm el-Sheikh.

15. There are additional plans to offer the country’s first sukuk, or Islamic
bonds, in both local and international markets World Bank, (2022b).

16. See: Bloomberg and Environmental Finance Data — date range 2007-2021.

17. The magnitude of the gap in Africa to meet with the SDGs, this gap is
estimated to be a yearly $1.3 trillion investment gap, with only 15% of the
needs currently met (UNEP, 2018).

18. Please see: Egypt Vision 2030, The Green Growth Knowledge.

19. The Government participated in the launch of the ESCWA climate/ SDG
debt swap initiative, which aimed to support debt relief efforts and improve
climate finance in middle-income countries in the Arab region that are
facing increasing debt burdens, growing SDG related needs and heightened
risks in the wake of COVID-19 and its impact on debt trajectories. Efforts
in this regard are still progressing and must be intensified to close SDG
financing gaps (ESCWA, 2020).
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the government’s desire to weave sustainability and green projects
into every facet of the environment (World Bank, 2020).

4. DATA AND METHODOLOGY

This study is an attempt to examine the linkage between finance
and ecology. Environmental sustainability can be attained by
arranging funds for solar energy (Camana et al., 2021; Zhou et al.,
2020). Green finance was found to be the most effective method
of reducing environmental degradation in a study by Chishti
and Sinha (2022). Investing in renewable energy is one way that
sustainable finance (or green finance) promotes new technology
and innovation (Ansari et al., 2022). In order to assess the nexus
between green finance on climate change in Egypt the analysis
proceeds in two steps: measure the green finance, and then evaluate
its impact on climate change for the time span from 1990 to 2021.
In what follows, the definitions and sources of data used in the
empirical evaluation are described.

In order to achieve a green economy, it is encouraged to
build a green finance system (Pereira da Silva, 2016). As also
recommended by MacAskill et al. (2020), to promote long-
term sustainable growth, it is recommended to establish a green
financing system. Green finance is a rapidly growing sector,
reshaping the financial system (Alemzero et al., 2020a; 2020b).
The consequences of green finance system are not the same in
numerous countries and are affected by a wide variety of diverse
factors. Studying green finance in Egypt is offering a novel insight
to achieve the sustainable development goals.

4.1. Measuring Green Finance

Green bonds are increasingly being used as a measure for
green finance, it provides long-term financing of environmental
projects. Green bonds are long-term investments that benefit the
environment while providing a regular income (Agyekum et al.,
2021)*'. Because green bond is recently issued in Egypt, data is
insufficient to run the econometric time-series model. Therefore,
this study builds a green finance index (GFI) that covers four
elements as recommended by OECD (2017). In order to quantify
green finance in Egypt over the time span from 1990 to 2021
more objectively and thoroughly, generalized form of Principle
Component Analysis (GPCA) is used because Classical PCA can
be used only for cross-sectional data and is not suitable for dynamic
analysis. In contrast, the GPCA method, which combines PCA
and time series analysis, can analyze time series data and explore
the trajectory of the overall level of a system over all time. GFI
is explained as follows:

20. The Ministry of Planning and Economic Development and Ministry
of Environment have designed and implemented the Environmental
Sustainability Guidelines to ensure the greening of the national budget.
Under these criteria, 15% of the projects funded from the public budget
under the national investment plan of the physical year 2020-2021 are
green projects. The government wants to double that target (reaching the
30% of the national investment plan) for the year 2021/2022 is aiming to
reach 50% of green projects by the year 2024/2025 (MPED, 2021).

21. These bonds typically come with tax advantages to encourage adoption and
bridge the green funding gap. Shareholders prefer green bonds because they
can increase the company’s long-term value. However, numerous practical
micro and meso level difficulties persist (Zhang et al., 2021).
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GFI, =W X, + WX, +..+ W, X, 1)

Where GFIj is the Green Finance Index; W is the weight on factor
score coefficient; p indicators related to green finance X, (j = 1,
2,..., p)- Suppose that there is a total of t years, and X, X,,...,
X are lined in order to construct index for green finance. With
reference to availability of data, selected indicators are shown in
Table 1 below.

Two diagnostic tests are conducted for Exploratory Factor Analysis
(EFA), Kaiser-Meyer-Olkin (KMO) test and Bartlett’s test to
determine whether the data can be analyzed using the GPCA
method, results are shown in Table 2. The result of the KMO test
is 0.781 (>0.5), which indicates that there is a strong correlation
among test indicators. The approximate chi square of Bartlett’s test
is 1047.482 and the significance level is 0.00 (<0.01), indicating
that the result rejects the null hypothesis. Therefore, the data can
be analyzed using the GPCA method.

4.2. Regression and Variables Selection

This study employs regression analysis to determine the impact of
green finance on a climate change and environmental sustainability
taking into account data availability and validity. As explained in
Table 3, the dependent variable is GHG emissions which specifies
the overall quality and herby used as a proxy for climate change.
While a high degree of GHG emissions denotes ecological
degradation, the absence or low level of GHG emissions denotes
improved environmental quality.

In addition, the primary independent variable in this analysis is
green finance, which is denoted as (GF). It is significant because
it fosters and cares for the drift of financial tools and associated

Table 1: Indicators of the Green Finance Index

Indicator Name
Energy Saving

Source

IEA Statistics © OECD/IEA (http://
www.iea.org/stats/index.asp)
(https://www.iea.org/t&c/
termsandconditions)

Investment in Energy Project
Database (http://ppi.worldbank.org)

Environmental Protection
Projects Public Private
Participation

Service Loans Loans World Bank, Enterprise
Surveys (http:/www.
enterprisesurveys.org/)

World Bank, Sustainable Energy for
All (SE4ALL) database (jointly by
the World Bank, IEA, and the Energy
Sector Management Assistance
Program)

Renewable energy

Table 2: Results of the KMO Test and Bartlett’s Test

Test Method Statistics Results

Kaiser-Mayer-Olkin test Measure of 0.781
sampling adequacy

Bartlett’s test of sphericity Approx. Chi square 1047.482
Df. 15
Sig. 0.000

Source: Author’s computation
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facilities toward formulating and implementing sustainable
investment, economic, trade, social and environmental initiatives
and regulations. To facilitate the creation and implementation
of financial tools and allied services, the green finance variable
is crucial. As a result, green finance would have an impact on
economic activities and contributes to the country’s ecological
performance.

Furthermore, the flow of financial instruments is a factor that is
highly dependent on the country’s economic conditions. Because
of'this, Mastini et al., (2021) claimed that Gross Domestic Product
(GDP) could be an effective factor for presenting a country’s
economic situation because it measures health and size over
a particular period of time. It considers aggregate investment,
consumption, production, and other macroeconomic variables to
determine the health of an economy. As a result, a high degree
of GDP could stimulate financial activity, which would, in turn,
consume more natural resources and energy, potentially having a
negative influence on the environment.

On the other hand, this study integrates other control variable in
the model which is research and development investment (R&D).
Throughout the world R&D investment has advanced at a rapid
pace since 1990, both in developing and developed countries. This
advancement accelerates the rate of production and other economic
activities, allowing for achieving higher economic goals. However,
as a result of its rapid industrial development, countries such as
USA and China have risen to become the world’s leading carbon
emitter and energy importer, making significant contributions to
global warming and climate change. As claimed by Tang et al.
(2022) and Zhang et al. (2021), China has concentrated on the
growth of green finance to combat the potentially catastrophic
issue of climate change and global warming. To fully recognize this
connection, it is necessary to look back over the last three decades.
To advance green innovation and green development, R&D
investment is essential. This has been proven to have threshold
effect. Consequently, the threshold variable is the ratio of R&D
internal spending to GDP, which represents R&D investment.

Studies such as Wen et al. (2022), Ahmad et al. (2021), Irfan et al.
(2021), Gao and Yu (2020), Yang and Ren (2020) and others,
showed that an increase in population (POP) leads to an increase
in CO2 emissions. Therefore, this study is exploring the impact
of population growth on environmental degradation.

According to descriptive statistic results as highlighted in Table 4
and data trends as shown in Figure la-d, all of the mean values
are positive. The average percentage change of GHG emissions
is 67 with minimum and maximum values of 1.87% and 118.89%
respectively. The mean value of GF is 6 ranging from —2.5to 2.7.
While, the growth rate of GDP has a mean value of around 4 with
minimum value of 1.13% and maximum value of 7.16%. Averages
of R&D and POP are 0.4 and 2 respectively, where R&D range is
0.78 and POP range is 0.67. As probability values are lower than
0.05 and the Jarque—Bera test results show that distributions of
selected variables are not normally distributed at a 1% significance
level, Quantile Autoregressive Distributed Lag (QARDL) model
can be used for further analysis.


http://www.iea.org/stats/index.asp
http://www.iea.org/stats/index.asp
https://www.iea.org/t&c/termsandconditions
https://www.iea.org/t&c/termsandconditions
http://ppi.worldbank.org
http://www.enterprisesurveys.org/)
http://www.enterprisesurveys.org/)
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Table 3: Specifications for the variables, units of measurement and data sources

GHG (Dependent Greenhouse Gas:
Variable) Total greenhouse gas emissions (% change from 1990)
GF Green Finance Index:
Energy saving, public private partnership in environment
project, service loans and renewable energy
GDP Gross Domestic Product:
GDP growth (annual %)
FDI Foreign Direct Investment:
FDI net inflows (%GDP)
RDI Research and Development:
Research and development expenditure (% of GDP)
POP Population:

Population growth (annual %)

Climate Watch, GHG Emissions

Washington, DC: World Resources Institute
(https://www.climatewatchdata.org/ghg-emissions)
Author’s Computation as explained in

Table 1

‘World Bank national accounts data, and OECD
National Accounts data files
(https://databank.worldbank.org/source/
world-development-indicators)

International Monetary Fund, International Financial
Statistics and Balance of Payments databases
UNESCO Institute for Statistics
(http://uis.unesco.org/)

United Nations Population Division

World Population Prospects

Table 4: Descriptive statistics outcomes

Mean 67.09694 6.25E-11 4362922 0.401147 2.010588
Maximum 118.9835 2.706119 7.156284 0.96218 2.42666
Minimum 1.874591 —2.511059 1.125405 0.176983 1.751693
Standard Deviation 44.94509 1.969681 1.554709 0.255042 0.167455
Jarque-Bera 37.49479 39.37802 5.78194 46.27398 15.30037
Probability 0 0 0.02 0.03 0
Observations 32 32 32 32 32
Source: Author’s preparation using data sources from Table 3
Figure 1: (a-d) Trends of the selected explanatory variables p q ,
- ] aop GHG, =u+ Y 0,GHG,_, + Y 0,GF,_; +» kGDF_,
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Source: Author’s preparation using data sources from Table 3.

4.3. Model Specification

The QARDL model, developed by Guild (2020) which is a more
advanced version of the ARDL model. This model can test green
finance, economic growth, R&D and population for their long-term
equilibrium effect on GHG emissions. The Wald test is used to
examine the stability of integrating coefficients across the quantiles
in the time-varying integration connection. Analyzing long and
short-run symmetries will be easier with this method. This can be
explained by the following model:
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y.,being the smallest o-field generated by (GHG, GF, GDP,
R&D, POP, GHG, , GF,, GDP, , R&D,, POP, ), and p, q,
r, s, and u are lag orders according to Schwarz Information
Criteria (SIC). In Equation 2, GHG, GF, GDP, R&D, and POP
are GHG emissions, green finance, GDP, R&D, and population

respectively.

QARDL (p,q,r1,s,u) was proposed by Ingham et al. (2015) as an
extension of the model expressed in Equation 2:

P q r
Qo =1(7)+ Y 0, (t)GHG,_ + > 6,(7) GF,,; + ki ()
i=1 i=0 i=0
GDP_, + Za),-(r)R &D, |+ Zt//,- (r)POFR_, +¢,(7) 3)
i=0 i=0

Where (1) = GHGt — Q_,,,(t/0_,) and 0 > T < 1 is showing a
quantile. The QARDL model shown in equation 3 is simplified as
follows because of the possibility of serial correlation:
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Onrige =H+pGHG,_; +¢6rGE,_y +¢ppGDF,_,
p-1

+ ¢R&DR & Dt_l + ¢POPP01)t—1 + zaiAGHGt_l
i-1

q-1 r—l1 s—1
+ OAGF,_;+) kAGDF_ + Y o,AR&D,_,
i=0 i=0 i=0
u—1
+Z¢//IAAPOPt_1 +g,(7) 4)
i=0

Equation 5, which depicts the QARDL-ECM model, is
reformulated as follows:

OnGret =H (T) + P(T) (GHG,_, - BorGF,_y = BroppGDF,_
p-1

= BrapR & Dy = BpopPOF,_) + Zai (7)AGHG,
i=l

gl r-l s—1
+> 6,(r)AGF,_; + >k (r)AGDP_ + Y o, (r) AR& D,
=0 i=0 i=0
u—1
+ZV/1‘ (T)APOPt—l +&; (T) 5)
i=0

The short-term influence on GHG emissions of all previous
changes can be calculated using the delta approach given by:

while the collective short-term influence of the earlier and
current levels of GHG, GF, GDP, R&D, and POP is determined

respectively.

The parameter associated with the long-run for GF, GDP, R&D
and POP is calculated as follows:

:BGF :BGDP IBR&D

— N — N —

GF* — GDP* — R&D* —

and

ﬁ POP

Bropx =

5. RESULTS AND DISCUSSION

This part presents the main results and findings of the work.
Initially unit root test is carried out to investigate the stationarity
of the data. Afterworlds, Quantile Regression is implemented
and analyzed.
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5.1. Unit Root Test

The Unit Root test (Im et al., 2003) is conducted, using Augmented
Dickey—Fuller (ADF) test and Phillips-Perron (PP) test to identify
the root of the problem. Variables are tested in both level and
1% difference forms, with intercept and with intercept and time
trend. The findings of the ADF and PP unit root tests are presented
in Tables 5 and 6. According to the results of the ADF and PP
tests, all variables were nonstationary at the level form except
GDP. ADF and PP tests results strongly reject the null hypothesis
of a unit root (variables are stationary) for 1% difference, as the
absolute value of t-statistics is higher than critical values at 5%
level and P<5%. While results at level form, both with intercept
and with intercept and time trend were insignificant at 5% level
so that data is integrated to order (1).

5.2. Quantile Regression Analysis

As claimed by Cade and Noon (2003), in ecology, quantile
regression has been proposed and used as a way to discover more
useful predictive relationships between variables in cases where
there is no relationship or only a weak relationship between the
means of such variables. The need for and success of quantile
regression in ecology has been attributed to the complexity of
interactions between different factors leading to data with unequal
variation of one variable for different ranges of another variable.
To run quantile regression model, two diagnostic tests should be
conducted, correlation test and heteroscedasticity test.

According to the results of Breusch-Godfrey Serial Correlation
LM test, the Obs*R-squared and with respect to Prob. Chi-square
value is less than 0.05, which denotes that residuals are serially
correlates as expressed in Table 7.

On the other hand, result of Breusch-Pagan-Godfrey
Heteroscedasticity test shows that the Obs*R-squared and with
respect to Prob. Chi-Square value is less than 0.05, which implies
that residuals are far from heteroscedasticity (Table 8). In this
situation quantile regression should be employed.

Presented in Table 9 results of Quantile Regression (Median),
which indicate that the estimated coefficient is statistically
significant at the negative level for green finance and R&D,
while statistically significant at the positive level for population
and statistically insignificant for economic growth. Prob(Quasi-
LR stat) is <5% which means the model is stable. With every
1% increase in the median value of green finance, leads to 0.2%
decrease in GHG emissions.

According to this study the estimated equation quantile tau is
0.5 and the specified number of process quantiles is 10. Based
on the quantile process estimates as presented in Figure 2, the
estimated coefficient is statistically significant at all quantiles
which implies a long-term equilibrium between GHG emissions
and other variables, such as green finance, economic growth,
R&D and population. The cointegration of the main explanatory
variable which is green finance is significant with a negative sign
at all quantiles except for quantiles 0.10, 0.20 and 0.30. Green
finance coefficient is steadily increasing except for quantile 0.70,
however, the speed of adjustment is fast. This finding highlights
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Table 5: ADF test statistics

GHG -1.274 0.628 —0.130
GF 0.050 0.956 —2.377
GDP —3.295 0.023* —4.182
R&D 1.481 0.998 —1.143
POP —2.111 0.242 —3.531

0.991
0.383
0.012*
0.904
0.058

-3.579 0.012%* —3.742 0.034*
—4.932 0.000* —4.844 0.002*
—8.073 0.000* —8.046 0.000*
—5.780 0.000%* —7.002 0.000*
—8.073 0.000%* —8.086 0.000%*

Source: Author’s estimation (statistical work is performed using E-views software version 12). *Denotes result is significant at 5% level

Table 6: PP test statistics

GHG —-0.923 0.767 —0.922
GF 0.012 0.952 —2.422
GDP —3.295 0.023* —3.237
R&D 3.262 1.000 —0.409
POP —2.627 0.098 —2.548

0.940
0.361
0.049*
0.982
0.304

—3.648 0.010%* =3.727 0.031*
—4.923 0.000%* —4.831 0.001*
—8.073 0.000* =7.728 0.000*
—5.778 0.000* —11.684 0.001*
—3.436 0.014* —3.513 0.008*

Source: Author’s estimation (statistical work is performed using E-views software version 12). *Denotes result is significant at 5% level.

Table 7: Results of Breusch-Godfrey Serial Correlation
LM Test

F-statistic 5.967566 Prob. F (2,25) 0.0076
Obs*R-squared 10.34040 Prob. Chi-square (2) 0.0057

Source: Author’s estimation (statistical work is performed using E-views software
version 12)

Table 8: Results of Breusch-Pagan-Godfrey
Heteroscedasticity Test

F-statistic 4.886683  Prob. F (4,27) 0.0043
Obs*R-squared 13.43801  Prob. Chi-Square (4)  0.0093
Scaled explained SS ~ 8.037825  Prob. Chi-Square (4)  0.0902

Source: Author’s estimation (statistical work is performed using E-views software
version 12)

the long-run inverse association between GHG emissions and
green finance. The strong correlation between the two variables
predicts that a 1% increase in green finance will result in a 0.2%
decrease in GHG emissions. This result is consistent with Alola et
al. (2022), Tang et al. (2022), Chen and Chen (2021), Igbal et al.
(2021), Sun et al. (2021), Zheng et al. (2021), Zhou et al. (2020),
Wang and Zhi (2016) and others, they discovered an opposite
relationship between green finance and CO2 emissions, signifying
that increasing concept of green finance reduces CO2 emissions.
On the other hand, opposing these results, Fu et al. (2021) revealed
that green finance does not influence CO2 emissions.

Unlike the results obtained from most researches, the cointegration
parameter for economic growth in terms of GDP is positive but
insignificant for all quantiles, which points out that growth is not
seen as a determinant of emissions in Egypt. However, this result
is consistent with Bodin (2022), Abdulmalik et al. (2020) and
Alam et al. (2016), their results show insignificant evidence to
support the existence of long-term relationship between economic
growth and environment degradation among sample countries. Ina

Figure 2: Quantile process estimates
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Source: Author’s preparation (statistical work is performed using
E-views software version12).

conclusion, GDP positively impacts GHG emissions but statistically
insignificant in Egypt, indicating that it does not represent an
effective component for climate change. This could be justified by an
increase in GDP is not accompanied by an increase in the country’s
primary production components and also because agribusiness is a
major component of the Egyptian economy, contributing 11.3% to
GDP?. GDP is not a significant long-term driver of CO2 emissions,
as previously proposed by Khan et al. (2022).

On the contrary, there exists a strong long-run inverse relationship
between R&D and GHG emissions but only for the medium and
upper terms quantiles (0.5-0.9). This finding is in line with the
immediate roadmap that proposed “towards an operative taxonomy

22. See: Agriculture and Food Security Egypt, U.S. Agency for
International Development (USAID), July 2020.
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Table 9: Results of Quantile Regression (Median)

C 8.967915
GF —0.219048
GDP 0.543791
RD —1.692262
POP 4.098682
Pseudo R-squared 0.868282
Adjusted R-squared 0.848768
S.E. of regression 8.144475
Quantile dependent var 75.25999
Sparsity 23.64943
Prob (Quasi-LR stat) 0.000000

2.189273 3.215144 0.0000
0.063112 —3.469081 0.0000
1.569110 0.346560 0.7316
0.761449 —2.222421 0.0348
0.874063 4.689229 0.0001

Mean dependent variable 67.09694

S.D. dependent variable 44.94509

Objective 85.90044

Restr. objective 652.1522

Quasi-LR statistic 191.5486

Source: Author’s estimation (statistical work is performed using E-views software version 12)

Table 10: Results of Quantile Slope Equality Test

Wald test 29.758789 14 0.0195

Source: Author’s estimation (statistical work is performed using E-views software
version 12).

Table 11: Results of Symmetric Quantiles Test

Wald Test

9.544477 20 0.9757

Source: Author’s estimation (statistical work is performed using E-views software
version 12).

for climate finance” which focused on implementation, the long-
term roadmap by investing more on R&D to upscale green finance
for environment sustainability (UNEP, 2022). This is coherent
with many studies that emphasize that R&D leads to significant
opposite impact on climate change, amongst Jiang and Khattak
(2023), Liu et al. (2022), Xin et al. (2022), Petrovi¢ and Lobanov
(2020), Luan et al. (2019) and others.

In addition, the cointegration coefficient for the association
between population growth and GHG emissions in Egypt is
significant specially for the lowest quantiles 0.10 and 0.20 and
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flashed with a positive sign at all quantiles. Which proves that
higher population can result in GHG emissions. The result is
aligned with the expectation about population growth in Egypt, as
it is well above natural birth replacement levels and is expected to
double by 2078%. The current finding could make a contribution
to the existing body of literature, alongside the contributions made
by Bellon and Massetti (2022), Kirby and Mainuddin (2022),
Budolfson and Spears (2020), Dodson et al. (2020), Nugent (2019),
Scovronick et al. (2017), UNFPA (2011) and Satterthwaite (2009).

5.3. Quantile Slope Equality Test

Wald test is used to explore whether the parameters remain
constant across all quantiles. It emphasizes the nonlinearities in
both short-run and long-run parameters. According to results of
Wald test presented in Table 10, the Chi-sqaure Statistic value
of Quantile Slope Equality test is statistically significant, this
denotes to reject the slope equality hypothesis at 5% significance
level, which means that slope equality is different across quantile
levels. However, the inter quantile range could not reject the null
hypothesis at 5% significance level, implying that slope equality
does not differ.

5.4. Symmetric Quantiles Test

With respect to Wald test results, the Chi-square Statistic value
of Symmetric Quantiles Test is 9.54 which is statistically
insignificant. There is an evidence of symmetry as the P=0.97.
The individual coefficient restriction test values show no evidence
across the quantiles 0.10 and 0.8 (Table 11).

6. CONCLUSION

Environmental degradation is one of the most pressing issues
facing the world today, and it affects both developing and
developed countries. Several nations are vigorously engaged in

23. See: Egypt Population 2022, World Population Review.
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developing environmental protection policies and programs. In
the background of economic development and growth, ecological
degradation turns out to be even more serious as economic
growth has the potential to have negative consequences for the
environment. In this paper GHG emissions is used as a proxy for
investigating climate change. To consolidate the determinants of
GHG emissions, there are some variables to consider. For this
reason, and due to the importance of the variables described above
to the environment, QARDL model has been used to analyze the
impact of green finance, economic growth, investment on R&D
and population growth on GHG emissions from 1990 to 2021 in

Egypt.

According to the study results green finance improves the Egyptian
ecosystem. R&D has both significant and negative impact on GHG
emissions, meaning that improvements in R&D investment is
straight forwardly related to enhancements in ecological situations.
In the short term, dynamics reveal that population variations are
significantly and positively affect emissions. In contrast, GDP is
positive but statistically insignificant. Nonetheless, the argument
for a carbon-free future is based on using a negative emission
sources until a significant proportion of renewable energy is
included in the energy mix and upgrade/construct infrastructure
in the energy sector. In the same way, a commitment should be
noted to a gradual trade-off between traditional energy sources
and the achievement of net zero-emissions energy sources. As a
result, financial instruments must be implemented to gradually
incentivizing policies to attract investment in green finance within
the public and private sectors.

Based on the above findings, the following policies are
recommended; promote the development of green finance, improve
the green financial system, support the green, ecological and low
carbon industries and give priority to green activities and clean
renewable energy sources.
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