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Abstract: Anthropogenic activities are responsible for greenhouse gas emissions, causing extreme
events like soil erosion, droughts, floods, forest fires and tornadoes. Fossil fuel consumption pro-
duces CO2, and trapping heat is the major reason for a rapid increase in global temperature, and
electricity generation is responsible for 25% of greenhouse gas emissions. Fossil fuel consumption,
CO2 emissions and their adverse impact have become the focus of efforts to mitigate climate change
vulnerability. This study explores empirical determinants of vulnerability to climate change such
as ecosystem, food, health and infrastructure. The sustainable use of energy is necessary for de-
velopment, and a source of response to climate change. The present study focuses on renewable
energy consumption to determine climate vulnerability in G7 countries between 1995 and 2019. The
panel ARDL approach showed that the renewable to non-renewable energy mix showed a quadratic
effect on vulnerability, whereby a minimum threshold of renewable energy is required to witness a
reduction in food, health and infrastructure vulnerability. Other results indicate that trade openness
and development expenditures reduce health vulnerability. Development expenditures also decrease
ecosystem vulnerability, while trade openness increases it. However, both of these variables increase
infrastructure vulnerability. Avoiding severe food and water crises requires investment to tackle
climate change, conserve energy and water resources, reform global trade and food markets, and
adapting and adopting climate-resilient responses to change.

Keywords: climate change; ecosystem vulnerability; food vulnerability; health vulnerability; infrastructure
vulnerability; G7; panel ARDL

1. Introduction

Earth’s average temperature is sharply increasing, which is taking its toll now. Recent
studies estimate that heatwaves will become more frequent and severe due to climate
change [1]. As the global mean temperature has increased 0.6 ± 0.2 ◦C since 1860, land
erosion has increased approximately 0.5–1% per decade, and rainfall has decreased about
0.3% per decade [2]. From 1901 to 2015, a 19.5 cm global sea-level rise was observed to
have a 1.7 mm increase per year [3]. According to an IPCC report in 2019, abrupt climate
changes increased the global temperature during the last decade, shrinking the cryosphere,
and ice sheets and glaciers have lost mass. Arctic snow cover on land has declined by
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13.4 ± 5.4% from 1967–2018, and the total loss is approximately 2.5 million km2 [4]. Climate
change constitutes a severe threat to the existence and stability of ecosystems. Countries
have shaped various policies to reduce greenhouse gases [5] and amend their production
processes [6].

Fossil fuel is the major reason for the rapid increase in global temperature. Burning of
coal, oil and gases used to power factories is releasing carbon dioxide, which is trapping
the heat from the sun and warming the earth. Electricity generation is the major sector
responsible for the emissions of 25% of greenhouse gases, and is impacted by climate
change. This energy vulnerability had led to several other forms of vulnerability, such
as food provision, infrastructure and health. The vulnerability of power generation can
be reduced by increasing the share of renewable energy [7,8]. Developed countries are
not different from developing countries in terms of using traditional sources of electricity
production. In the EU-27, 40% of the primary energy supply was used to produce electricity
in 2005, out of which 55% of electricity was generated by fossil fuel [9].

Energy is an important development factor, but conventional energy sources have a
cost in climate change. The high use of non-renewable energy resources is hurting food
provision by starving aquatic life of oxygen, threatening marine life and the ecosystem [10].
According to the 2019 IUCN report, approximately 700 sites were affected due to low
oxygen, and in the 1960s, there were only 45 affected sites. UNIDO’s third conference
highlighted the importance of renewable energy resources. The use of non-renewable
energy provides benefits in the short run, but at a high cost in the form of air pollution,
noise, and chronic diseases [11,12]. Emissions from fossil fuel combustion include carbon
dioxide (CO2) and numerous toxic air pollutants that pose a significant threat to children’s
behavioral and cognitive development [13].

Food security and water scarcity are the major challenges of climate change. In 2050,
high population growth will require 12,400 km3 water, up from 6800 km3 of water used
today. After improving management and efficiency in irrigated agriculture, a deficit of
3300 km3 of water will still be left. Avoiding severe food and water crises requires invest-
ment to tackle climate change, conserving energy and water resources, reforming global
trade and food markets, and adapting and adopting climate-resilient strategies [14,15].
Green infrastructure can mitigate climatic heat stress and improve health adaptations [16].
A global temperature rise equal or beyond 2 ◦C will cause glacial melting that will increase
events of continental flooding and rising sea levels [17], a major threat to infrastructure that
requires resilient infrastructure in those areas [18].

The promotion and development of renewable energy sources can solve these prob-
lems. Renewable energy sources include solar, wind, biomass and hydropower. Substi-
tuting conventional energy sources with renewable energy sources in the energy mix can
reduce local pollution and reduce climate risks [6,19]. Renewable energy plays an important
role in fulfilling Kyoto Protocol commitments, in which the EU-15 committed to reducing
greenhouse emissions by 8% from 1990 to 2012 [20,21].

The Paris Agreement is an important international effort to tackle climate change.
According to this agreement, the global temperature increase should be less than 2 ◦C.
To achieve this target, production of harmful gases should be reduced, and the use of
renewable energy resources expanded. A higher proportion of renewable energy resources
to non-renewable resources in the energy mix can lead to economic expansion [19,22,23].
However, in the short run we face the cost of developing a renewable energy infrastructure.
According to the 2021 IEA report, in order to achieve zero emissions, fossil-fuel fired boilers
should not be sold after 2025, and by 2035 the sale of diesel and petrol cars must end.
According to this report, the energy sector is responsible for 75% of the greenhouse gas
emissions that are warming the global atmosphere [9]. Developed countries have the
institutional and financial capacity to tackle climate change issues. They are at the forefront
of championing the cause of the decrease in CO2 emissions, and asking other countries
to return to their emission levels of 1990 [24]. Developed countries with high FDI and
GDP per capita contribute more to environmental change through the emission of CO2 [25].
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Some countries that are producers of climate change may be less vulnerable, and countries
that are not the producers of climate change suffer the worst consequences of it [26]. This
leads to climate injustice. Countries ranked higher in vulnerability have a mortality rate
15 times higher per hazard from drought, floods and storms than those ranked lower [27].
The cost of climate change can be spread across nations through trade. Countries that
experience the moderate impact of climate change have sufficient financial resources for
adaptation, but through the terms of trade effect, these countries have to bear the cost of
climate change [28].

Several European regions have suffered due to flooding caused by climate change in
recent times. Extreme fluvial flooding intensely damaged cultural heritage sites in central
Europe, protection measures failed, and flood damages cost billions of euros [29]. In 2002,
floods hit Austria, the Czech Republic, Germany, Poland, Slovakia, Romania, Hungary
and Croatia; in 2006, Bulgaria, Romania, Serbia, Hungary, Germany, the Czech Republic
and Macedonia; in 2009 Hungary, Austria, Poland, the Czech Republic, Romania, Turkey
and Slovakia; and in 2013 Austria, Germany, Slovakia, the Czech Republic, Switzerland,
Belarus, Hungary and Poland. Sea flooding due to storms, exceptional tides and heavy rain
occurred in the Adriatic region of Europe in 2008, 2012 and 2018 [30].

During the 1980s, G7 countries accounted for more than 61% of world GDP and 14% of
the world population. Now, G7 countries are home to just 10% of the world population and
account for only 46% of global GDP. Meanwhile, G20 countries, including China and India,
account for approximately 85% of global GDP and two-thirds of the world’s population.
In the early 20th century, G7 countries were responsible for 70% of the world’s annual
emission of greenhouse gases. In 1995, these countries accounted for approximately 50%
of greenhouse gases. The emissions from these countries declined, but non-G7 countries’,
especially China’s emissions, increased. In early 2010, China’s emissions were higher than
the combined emissions of all G7 countries [31]. G7 countries have become smaller players
in terms of their total share in emissions [32].

The target of net zero emissions will be achieved by advanced economies by 2035,
while globally, it will be achieved in 2040. The transformation of the whole economy
will generate new employment opportunities and boost growth. On the other hand, the
countries that rely on fossil fuels will suffer losses, because their per capita income from
gas and oil will fall approximately 75% from USD 1800 to USD 450 [9]. The whole process
requires massive investment. In many countries, home heating with oil and gas is the
major source of CO2 emissions. The UK and USA are responsible for 20% of greenhouse
gas emissions [33].

Several barriers to the use of renewable energy technology have been identified. These
barriers include technical and market barriers such as regulatory challenges and the volatile
structure of prices, as well as social, political and environmental hurdles. There is a need
to finance these renewable-energy technologies, and for this purpose, state intervention
is necessary [34,35]. The main barrier to transforming the economy to green energy is the
expense, and it requires the installation costs of wind farms and solar panels; however,
operating costs and maintenance costs are low [22].

An improved energy mix (ratio of renewable energy to non-renewable energy) may
cost us in the short run, but it has long-term benefits. Thus, the optimal sustainability-
promoting proportion of renewable energy should be determined. Zahid et al. [22] high-
lighted that abrupt transformation to renewable energy may not provide favorable results.
There is a tradeoff between the short-term benefits of non-renewable energy and the long-
term benefits of renewable energy. Previous studies overlooked this non-linear transition
effect.

The present study was conducted to analyze the role of the energy mix in determining
climate change vulnerability in G7 countries. Energy mix is proposed to have a quadratic
effect on growth and development [19,22], and thus it influences the capability to address
the climate change vulnerability of the country. The climate change vulnerability index
is measured using several indicators [36,37]. This paper aims to highlight the role of
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energy mix in determining the vulnerability to climate change in G7 countries by using
four life-supporting sectors: ecosystem, food, health, and infrastructure, and empirically
assesses the role of energy mix in determining the vulnerability of G7 countries to climate
change. The panel ARDL approach was used in the analysis to provide a robust outcome
for policymakers.

This paper is organized as follows: a review of previous studies is discussed in
Section 2, methodology of the paper is explained in Section 3, and results are discussed in
Section 4. Section 5 is comprised of the conclusion and policy recommendations.

2. Literature Review

Many researchers have focused on climate change information and hazard data such
as rising sea levels, floods, etc., but they give less attention to assessing vulnerability
to climate change. Birkmann et al. [27] conducted their research in order to divert the
attention of researchers towards such an assessment. They used different options to
validate vulnerability assessment in terms of external and internal validity. The findings of
this study indicate that countries that are ranked higher in vulnerability have a mortality
per hazard from drought, floods and storms 15 times higher than those countries that are
ranked lower.

Gritti et al. [38] examined the vulnerability of ecosystems of the Mediterranean Basin
by using the LPJ-GUESS ecosystem model. Results indicate that climate changes have a
major impact on the composition of the ecosystem. Sites are becoming warmer and drier,
causing a decline in temperate trees. Increasing CO2 emissions in the atmosphere and its
fertilization effect led to a warm-temperate ecosystem. Vázquez-Rowe et al. [39] analyzed
the impact of climate-centric policy on the electricity mix changes in two countries, Peru
and Spain. Findings indicate that the policies focusing on reducing greenhouse gases have
decreased air pollution and other toxic pollutants, but at the expense of water depletion in
these countries. These countries have witnessed low carbon emissions compared to other
countries at the same level of development. Tobin et al. [7] and Wen et al. [40] analyzed the
vulnerability of power generation in European countries. Results of this study indicate that
a high proportion of renewable energy resources can decrease the vulnerability of power
generation to climate change.

Due to abrupt climate changes, projections about drought provide warnings of food
shortages in many world regions. Reducing the vulnerability of agricultural food produc-
tion is necessary to save the livelihood of millions of people, and reducing the emissions
from fossil-fuel consumption is necessary for the world’s population [41].

Renewable energy is carbon neutral. Many countries have adopted renewable energy
sources to tackle climate change, but this transformation includes many limitations. Elum
and Momodu [42] discussed the initiative of renewable energy in the energy mix of Nigeria.
They explored the obstacles responsible for the limited use of renewable energy in Nigeria’s
energy mix, and found political and social obstacles are major barriers to the development
of renewable energy resources for sustainable development. That said, the public is in favor
of renewable energy [43,44].

Foidart et al. [5] conducted a macroeconomic analysis to examine the impact of energy
mix on the environment of two European countries, namely Belgium and Spain, using a
life cycle assessment. Findings indicate the deployment of renewable energy resources
decreases the negative impact on the environment by replacing the traditional polluting
sources of coal, gas and oil. Future projection for Spain indicates that a small amount of
traditional sources mixed with 54% of renewable-energy sources could lead to environ-
mental benefits, with 0.2 kg per kWh CO2 emission produced compared to 0.54 kg in 2005.
However, in the case of Belgium, future scenarios with more gas and coal that include
a smaller share of renewable energy sources could bring more harmful impacts on the
environment.

Abdelzaher et al. [26] and Fang et al. [45] examined the impact of innovation, reg-
ulatory quality and trade on vulnerability to climate change. Longitudinal panel data
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for 73 countries for the time period 1998–2013 were used for the analysis. Results of this
study indicate that trade openness, regulatory quality and R&D expenditures decrease the
vulnerability of a country to climate change.

Lastly, Tanveer et al. [46] and Javaid et al. [47] explored the role of renewable energy
consumption in the climate change risk of countries with high climate vulnerability. The
results showed that an increase in the proportion of renewable energy leads to a decrease
in risk from climate change.

The literature provided a link between energy and climate change risks, but assumed
it to be linear. Studies such as Anwar et al., 2017; Zahid et al., 2021; Salem et al., 2021, Khan
et al., 2021, and Wang et al., 2022 [19,21,22,48,49] noticed that there is a non-linear effect
of specific types of energy on climate change; directly via CO2 emissions, or indirectly by
creating the capacity to address climate change risk via growth and development. So when
a nation transitions to renewable energy, there is a cost in developing the infrastructure, and
the sunk cost of discontinuing non-renewable energy. Therefore, transition optimization is
required to ensure a nation minimizes vulnerability by adjusting its energy consumption
portfolio.

3. Methodology
3.1. Theoretical Framework

Climate changes directly impact the chemical, physical and biological characteristics
of an ecosystem and environmental systems. Oceans occupy about one-third of the earth’s
surface; therefore, oceans can directly affect the atmosphere, and any changes in the
atmosphere can change the properties of the ocean. Greenhouse gases in the atmosphere
are responsible for warming and acidification, a major threat to marine ecosystems [50].
Due to CO2 emissions, more heat is trapped in the atmosphere, warming the surface
temperature of the oceans, and it is responsible for declining pH levels. These changes
are affecting ecosystems. Sea levels are rising, and the projected upper limit of rising sea
levels is 1.5–2.0 m in the 21st century [51]. Coastal erosion and rising sea levels are causing
economic and ecological damage; adaptation measures are necessary to curb this problem.
An increase in temperature also has negative consequences for human health [52].

Heatwaves are putting stress on the energy supply, and increasing the risk of electricity
shortages [53]. Abrupt changes in climate projections about droughts provide a warning of
food shortages in many regions. According to these projections, globally, 60% more food
will be needed, and in developing countries, demand for food will increase by 100% by
the year 2050. Climate change is also putting more stress on water scarcity. Reducing the
vulnerability of agricultural food production is necessary to save the lives of millions of
people, and reducing emissions from fossil fuel consumption is necessary for the world’s
population [41].

Although developing countries are more vulnerable to climate change, developed
countries are also affected [54]. Increasing flood events, rising sea levels, and warmer
climates are responsible for many countries’ high death rates and economic damage. Rise
in sea level is a major threat to coastal infrastructure that demands resilient infrastructure
to protect coastal areas [55,56].

The Environmental Kuznets Curve proposes that economic activities initially deteri-
orate the environment, but with maturity, the economy moves towards cleaner produc-
tion [57]. Electricity is an important production source, and fossil fuel is used to power
industries. The vulnerability of power generation can be reduced by increasing the share of
renewable energy [7].

Zero emissions requires developed infrastructure, and the cost of transformation is
very high [33]. Recent studies focus on the use of energy mix as a mitigation approach to
climate change [5,7,39]. As the share of renewable energy in the energy mix increases, it
can reduce the vulnerability to climate change [5].

This study proposes that, initially, renewable energy consumption will increase vulner-
ability to climate change, but with a transition towards renewable energy, it will decrease a
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country’s food, health and infrastructure vulnerability [5]. When renewable energy infras-
tructure is developed, it will provide long-term benefits in food security, population health,
and development. This type of relationship produces an inverted U-shaped relationship
between renewable energy consumption preference and country vulnerability to climate
change. The link of energy mix and vulnerability is shown in Figure 1.
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The use of fossil fuels provides short-term benefits, but at the cost of environmental
pollution [13]. Transformation of the economy from the combustion of fossil fuel and
coal/oil to renewable-energy resources requires heavy investment to install solar and
wind plants. The whole process requires trained staff for these projects, and will disturb
employment markets. Many people will lose their jobs because renewable energy resources
require high installation costs but less maintenance, and have lower operating costs [22].
This process will also disturb the ecosystem. Renewable energy consumption initially
reduces ecosystem vulnerability to climate change, but increased use of renewable energy
will increase ecosystem vulnerability with maturity.

Conversion of energy from development-hindering to development-promoting in-
dicates that the ratio of renewable-energy to non-renewable energy is a variable return
to scale that a quadratic specification of energy mix can calculate. The square form can
identify deviation from constant returns to scale [22].

3.2. Data Source

In order to determine the role of energy mix in determining the vulnerability of
countries to climate, four life-supporting sectors are used in the analysis. These sectors
include ecosystem, food, health and infrastructure. The sample comprised the G7 countries,
namely UK, USA, Canada, France, Italy, Germany, and Japan, because of their major change
in energy consumption. Since they have the highest ability to transition towards renewable
energy, their initiatives will help other nations to adopt technologies and practices. Data
on vulnerability is taken from ND-GAIN (Notre Dame Global Adaptation Initiative). The
data on energy mix (renewable and non-renewable energy), trade openness, development
expenditures and industrial sector value added percent of GDP is taken from WDI.

3.3. Model Specification

Climate change vulnerability indicators, including ecosystem, food, health and infras-
tructure, were used in the analysis [37]. A separate model was used to examine the role of
the energy mix on the vulnerability of these sectors. The energy mix is expressed as a ratio
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of renewable energy to non-renewable energy. The transition of renewable energy from
development-hampering to development-promoting indicates that this ratio has variable
returns to scale. The non-linear specification of energy mix can calculate that. A similar
strategy was adopted by [22]. Energy mix has a quadratic effect on the vulnerability of a
country. Other control variables include trade openness, development expenditures, and
industrial sector value added. These control variables are transformed into a log form.
Table 1 presents the fundamental equations of the models, while Table 2 presents variable
representations and their composition.

Table 1. Fundamental equations of the model.

No Model

1 Ecosystem Vulnerability ESVit = α0 + β1 EMit + β2 EM2
it + β3 logTOit + β4 logEXPit + β5 logINDit + µit

2 Food Vulnerability FDVit = α0 + β1 EMit + β2 EM2
it + β3 logTOit + β4 logEXPit + β5 logINDit + µit

3 Health Vulnerability HEVit = α0 + β1 EMit + β2 EM2
it + β3 logTOit + β4 logEXPit + β5 logINDit + µit

4 Infrastructure Vulnerability INVit = α0 + β1 EMit + β2 EM2
it + β3 logTOit + β4 logEXPit + β5 logINDit + µit

Table 2. Variable representations and their composition.

Variables Ecosystem
Vulnerability

Food
Vulnerability

Health
Vulnerability

Infrastructure
Vulnerability Energy Mix Trade

Openness
Development
Expenditures Industrialization

Representation ESVit FDVit HEVit INVit EMit logTOit logEXPit logINDit

Data
transformation Index Index Index Index

Renewable to
non-renewable
energy ratio

Ln (Trade
Openness % of
GDP)

Ln
(Development
expenditures
% of GDP)

Ln (Industrial
sector value
added % of
GDP)

Data source ND-GAIN (Notre Dame Global Adaptation Initiative) [37], World Development Indicator (WDI)

Data range 1995–2019

Where t represents time and i represents a G7 country.

3.4. Estimation Technique

To assess the impact of energy mix on the ecosystem, food, health and infrastructure
vulnerability of G7 countries to climate change, the panel ARDL approach was used as an
estimation technique. The literature suggests that when the countries per cross section are
above 20, then dynamic panel data must be applied to account for serial correlation and
heteroskedasticity [58]. This approach provides short- and long-term results, accounting
for the non-stationary patterns of variables [59]. Pesaran, Shin and Smith [60] introduced
this panel ARDL model, which can be used in mixed order of variables (I(0) and I(1)). This
study has ensured the variables are not I(2) in nature using panel unit root tests, and the
existence of cointegration among the selected variables using the panel cointegration test.

4. Results Discussion

Results of descriptive statistics are presented in Table 3 below. As the means of all the
variables are greater than their standard deviation, these variables are under-dispersed, and
the selected variables follow a pattern around their mean value. Further, since skewness is
not zero and kurtosis is not 3 for the selected variables, they are not statistically normal.
This study uses the central limit theorem to assume that the data is asymptotically normal.

Table 4 presents the results of correlation among variables. Here we can see that energy
mix is highly correlated with food volatility.

The final results of this paper were based on the panel ARDL approach. Four different
models were used for this analysis. Vulnerability to climate change was measured using
four life-supporting sectors: ecosystem, food, health, and infrastructure. Table 5 presents
the long-term results of the models.
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Table 3. Descriptive statistics.

Stats N Mean Std. Dev. Range Skewness Kurtosis

ESV 175 0.356 0.071 0.199 0.3636 1.598

FDV 175 0.267 0.053 0.166 0.187 1.554

HEV 175 0.163 0.053 0.180 1.143 2.809

INV 175 0.331 0.061 0.206 0.198 1.965

EM 171 0.037 0.037 0.158 1.145 3.366

LogIND 159 3.161 0.186 0.713 −0.018 1.841

LogTO 166 3.848 0.416 1.653 −0.728 2.481

LogEXP 149 2.232 0.414 1.670 −0.930 2.615

Table 4. Correlation matrix.

ESV FDV HEV INV EM logIND logTO logEXP

ESV 1

FDV 0.2541 1

HEV 0.0569 0.3695 1

INV 0.2415 −0.0431 −0.2985 1

EM −0.0239 0.2116 −0.0198 −0.0447 1

logIND 0.4741 −0.4093 −0.0551 0.3528 −0.3334 1

logTO −0.7172 −0.4155 −0.1438 −0.4008 0.0346 −0.1386 1

logEXP −0.1733 −0.0627 −0.5292 −0.0788 0.3277 −0.3504 0.3686 1

Table 5. Long-run panel ARDL results.

D.ESV D.FDV D.HEV D.INV

Model 1 2 3 4

EM
−0.412 *** 0.562 ** 1.509 ** 1.390 ***
−0.103 −0.188 −0.567 −0.234

EM 2 5.105 ** −5.046 ** −14.468 * −13.764 ***
−1.622 −1.456 −5.623 −1.994

LogTO 0.019 *** 0.026 *** −0.074 * 0.053 ***
−0.003 −0.006 −0.036 −0.014

LogEXP −0.005 *** 0.004 ** −0.104 *** 0.023 ***
−0.001 −0.001 −0.01 −0.005

LogIND −0.002 −0.018 −0.012 0.027
−0.009 −0.011 −0.066 −0.029

Observations 138 138 138 138

Number of id 7 7 7 7

Threshold 0.04 0.05 0.05 0.05
Standard errors in parentheses. Author’s own calculations. *** p < 0.01, ** p < 0.05, * p < 0.1.

In the case of ecosystem vulnerability to climate change, 1 unit increase in the energy
mix will reduce the ecosystem vulnerability to climate change by 0.41 units, and 1 unit
increase in energy mix squared will increase the ecosystem vulnerability to climate change;
this pointed to a U-shaped effect, shown in Figure 2. It means that initially, with energy
mix the ecosystem’s vulnerability to climate change decreases, but as the renewable energy
proportion increases in the energy mix, this increased proportion of renewable energy
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will increase ecosystem vulnerability. Because the transformation of an economy from
fossil-fuel-based power plants to renewable energy plants requires heavy investment, it
will change the market structure of an economy that demands trained labor [8,33,34]. Here
the threshold value shows that food, health and infrastructure vulnerability will decrease
when the renewable energy is at least 5% of non-renewable energy.
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Other results show that an increase in trade openness will increase the ecosystem’s vul-
nerability to climate change, while an increase in development expenditures will decrease
the ecosystem’s vulnerability.

In the case of food vulnerability to climate change, 1 unit increase in energy mix will
increase food vulnerability by 0.56 units, and 1 unit increase in a square of energy mix
will reduce the food vulnerability by 5.04 units. These results show that a high energy
mix follows an inverted U-shaped pattern with food vulnerability, as shown in Figure 3.
Other results indicate that trade openness and development expenditure will increase the
vulnerability of food production to climate change.

In the case of health vulnerability to climate change, 1 unit increase in energy mix
will increase health vulnerability by 1.50 units, and 1 unit increase in a square of energy
mix will reduce health vulnerability 14.46 units. This also traces an inverted U-shaped
relationship, as shown in Figure 4. Other results indicate that an increase in trade openness
and development expenditures will reduce health vulnerability.

In the case of infrastructure vulnerability to climate change, 1 unit increase in energy
mix will increase the infrastructure vulnerability by 1.39 units, and 1 unit increase in
a square of energy mix will reduce infrastructure vulnerability by 13.76 units. This also
follows the inverted U-shaped relationship, as shown in Figure 5. Other results indicate that
an increase in trade openness and development expenditures will increase infrastructure
vulnerability. Industrial share is insignificant in the case of all three models, and we found
that industrial share had no significant impact on any of the four indicators of vulnerability
to climate change.

The presence of an inverted U-shaped relationship in the case of food, health and
infrastructure vulnerability to climate change indicates that initially, energy mix increases
vulnerability, but as the proportion of renewable energy increases, vulnerability decreases
in all three cases [5,7,61].
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Short-term results are reported in Table 6. The ECM(−1) is negative in the case of
three models, i.e., ecosystem, food and health vulnerability to climate change. A negative
sign indicates that the convergence hypothesis holds for these three models, which means
whenever macroeconomic shock occurs in an economy, these models tend to converge to
equilibrium. Speed of convergence in the case of ecosystem and food vulnerability is 20%,
while in the case of health, it is 68%. Speed of adjustment indicates that models 1 and 2 will
take 5 years to remove disequilibrium from the model, while in model 3 it will take only
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1.47 years to remove disequilibrium. In the case of model 4, ECM(−1) is positive. Positivity
indicates that the divergence hypothesis holds in the case of infrastructure vulnerability.
In exploring country-specific short-term estimates, few countries have shown negative
ECM(−1).
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Table 6. Short-run Results.

Ecosystem
Vulnerability

Food
Vulnerability

Health
Vulnerability

Infrastructure
Vulnerability

Model 1 2 3 4

ECM (−1)
−0.2005 * −0.203 *** −0.683 *** 0.049

(0.077) (0.056) (0.177) (0.057)

EM
D1.

0.073 −0.442 −5.939 −0.076
(0.235) (0.294) (6.076) (0.273)

EM2
D1.

−1.306 7.198 28.578 4.342
(3.306) (8.195) (49.553) (5.529)

LogTO
D1.

−0.006 −0.126 * −0.092 −0.006
(0.0069) (0.006) (0.0738) (0.009)

LogEXP
D1.

0.0014 −0.002 * 0.011 0.001
(0.0009) (0.001) (0.025) (0.001)

LogIND
D1.

0.0032 −0.037 0.377 ** 0.002
(0.020) (0.0251) (0.116) (0.0128)

_constant 0.0549 * −0.0388 *** 0.493 *** 0.005
(0.0236) (0.008) (0.128) (0.0052)

Standard errors in parentheses. Authors’ own calculations. *** p < 0.01, ** p < 0.05, * p < 0.1.
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5. Conclusions and Policy Recommendations

The intensity and frequency of climatic extremes are increasing day by day. Abrupt
climate changes are disturbing ecosystems, causing health issues and creating an increased
risk of droughts. Key sectors of the economy, i.e., energy, agriculture, fishing, water supply
and tourism, have to adopt their approaches and solutions to mitigate climate change.

This study was conducted to investigate the impact of energy preferences on the
vulnerability of G7 countries to climate change. For this purpose, four life-supporting
sectors of vulnerability to climate change were used in the study. The panel ARDL approach
was used to examine the relationship between energy mix and the vulnerability of countries
to climate change. This study has used the quadratic energy mix transformation to account
for the costs and benefits of transitioning towards renewable energy. This study indicates
that a high proportion of renewable energy in the energy mix will increase the ecosystem’s
vulnerability to climate change, while it will decrease food, health, and infrastructure
vulnerability. This study fulfilled the objective by providing the quadratic function that can
be used to find the optimal percentage of renewable energy, and how much adjustment
each G7 country requires to minimize its vulnerability.

Other results indicate that trade openness and development expenditures reduce
health vulnerability to climate change. Development expenditures also decrease ecosystem
vulnerability, while trade openness increases it. However, both of these variables increase
infrastructure’s vulnerability.

The significance of this study is that it is the first to empirically investigate the role of
energy mix in determining the vulnerability of G7 countries to climate change. Countries
that have higher GDP per capita are the major producers of CO2 emissions. Although these
countries are paying attention to protecting the environment by limiting the use of fossil
fuels responsible for greenhouse gas emissions which cause climate change, the number of
incidences of climate change effects in Europe and many other countries demand solutions.
Achieving zero-emission goals requires heavy investment, so energy mix provides a so-
lution to the current problem. As the proportion of renewable energy to non-renewable
energy increases, the vulnerability of a country to climate change will reduce.

To avoid severe food and water crises requires investment toward tackling climate
change, conserving energy and water resources, reforming global trade and food markets,
and adapting and adopting climate-resilient responses. To curb the disastrous impact of
climate change and loss of oxygen from the oceans, there is a need to take immediate steps to
reduce emissions into the atmosphere. World leaders should pay attention to substantially
cutting emissions, and they should adopt a more holistic approach that includes other
aspects of vulnerability and sustainability.

This study has pointed out another dilemma: increased renewable energy reduces
several forms of vulnerability but increases ecosystem vulnerability. Future studies could
explore the reasons behind these findings, and further expand the scope of the study to
other more vulnerable countries.
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ARDL Autoregressive distributed lag model
G7 The Group of Seven (G7) is an inter-governmental political forum consisting of Canada,

France, Germany, Italy, Japan, the United Kingdom and the United States
GDP Gross domestic product
WDI World Development Indicator
CO2 Carbon dioxide
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