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a b s t r a c t

This study investigates the impacts of nuclear energy consumption on environmental quality from a
different perspective by focusing on carbon dioxide (CO2) emissions, ecological footprint, and load ca-
pacity factor. In this context, the South Korea case, which is a leading country producing and consuming
nuclear energy, is investigated by considering also economic growth, and the 1997 Asian crisis from 1977
to 2018. To this end, the study employs the autoregressive distributed lag (ARDL) approach. Different
from previous literature, this study proposes a load capacity curve (LCC) and tests the LCC and envi-
ronmental Kuznets curve (EKC) hypotheses simultaneously. The analysis results reveal that (i) the LCC
and EKC hypotheses are valid in South Korea; (ii) nuclear energy has an improving effect on the envi-
ronmental quality; (iii) renewable energy does not have a significant long-term impact on the envi-
ronment; (iv) the 1997 Asian crisis had an increasing effect on the load capacity factor; (v) South Korea
has not yet reached the turning point, identified as $55,411, where per capita income improves envi-
ronmental quality. Overall, the results show the validity of the LCC and EKC hypotheses and prove the
positive contribution of nuclear energy to South Korea's green development strategies.
© 2022 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction footprint accounting, EF components show human demand for
Increasing air pollution has led to negative developments such
as global warming, and climate change [1]. For this reason, envi-
ronmental quality has become one of the most important aspects
for countries and societies, while economic issues have also
retained their importance. In line with this development, the cur-
rent literature on environmental quality has recently expanded in
search of ways to reduce greenhouse gas (GHG) emissions [2].

Most current studies use carbon dioxide (CO2) emissions as a
proxy for the quality of the environment and as a dependent variable
in environmental analysis [3]. However, some recent researchers
prefer a new environmental indicator such as the load capacity
factor, which considers the biocapacity and ecological footprint (EF)
of countries. Thus, it can be stated that the literature on environ-
mental quality and its determinants has become more extensive.

In the previous literature, a high number of studies have focused
on testing the EKC hypothesis proposed by Grossman and Krueger
[4] while dealing with environmental quality. In these studies, CO2
emissions and EF are often used as dependent variables, but the
supply side of environmental problems is neglected. In ecological
korkutpata@osmaniye.edu.tr
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natural resources, and biocapacity shows the supply of existing
natural resources that can meet the demand. In this context, the
load capacity factor (LCF) proposed by Siche et al. [5] and empiri-
cally analyzed for the first time by Pata [6], enables environmental
assessment from both supply and demand perspectives.

The literature on LCF is growing but is not yet fully matured. The
EKC hypothesis symbolizes an inverted U-shaped relationship be-
tween income and environmental degradation. This study not only
tests the validity of the EKC hypothesis but also proposes a new
curve, the Load Capacity Curve (LCC). Previous studies analyzing
the determinants of LCF generally used linear models [7,8]. In
contrast, this study indicates that there may be a U-shaped
nonlinear link between LCF and income, and characterizes the U-
shaped curve as LCC. The LCC curve is shown in Fig. 1.

The figure shows that as income increases, environmental
quality (LCF) initially decreases, and above a certain income level,
LCF increases with the development of environmental sensitivity
and green technologies. This curve is the exact inverse of the EKC.
The LCC hypothesis shows that increasing income can simulta-
neously affect biocapacity and EF. The LCC hypothesis assumes that
in the early stages of economic development, environmental
quality is severely compromised by fossil fuel use and anthropo-
genic activities without environmental concerns. However, when
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Fig. 1. Representation of the LCC hypothesis.
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per capita income reaches a certain inflection point, people with
increased income from that point consume more environmentally
friendly products and use renewable energy sources, so environ-
mental quality can be improved by reducing EF and increasing
biocapacity. The study tests the validity of the LCC hypothesis by
focusing on renewable and nuclear energy sources.

Coronavirus 2019 (COVID-19) has not only led to temporary
reductions in environmental pollutants, such as particulate matter
and nitrogen dioxide emissions [9,10] but also significant changes
in the energy mix. For example, the share of nuclear energy in
electricity generation in European Union member states decreased
by 20% during COVID-19, while renewable resources increased by
9% [11]. However, in the next period, the energy crisis triggered by
the tensions between Russia and Ukraine brought the increased use
of nuclear energy to the agenda. The International Energy Agency
(IEA), in its proposals to address the current energy crisis [12], has
included increasing investment in nuclear power plant construc-
tion to boost nuclear power generation as a recommendation.
Given the impact of the recent energy crisis and the IEA's recom-
mendations, consideration of nuclear power as well as renewables
in new environmental quality studies is imperative. Moreover,
nuclear energy keeps nuclear materials inside while producing
energy and does not use fossil fuels. Hence, it does not produce
GHG emissions, which is an important advantage over fossil sour-
ces in terms of effects on environmental quality [13].

According to British Petroleum (BP), the highest nuclear energy
power generating and consuming countries are the United States of
America (USA), China, France, Russia, and South Korea, respectively
[14]. These five countries generate and consume approximately 71%
of the total nuclear energy in theworld, so it might be useful to focus
on one or some of these countries. In the current literature, several
studies examine India, China, and France [6,8,15] in the context of
nuclear energy. However, to date, there have been no studies
analyzing the impact of nuclear energy consumption on environ-
mental quality in South Korea. For this reason, a study on the South
Korean case can further contribute to the literature. Fig. 2 Presents
the progress trend of the environmental indicators in South Korea.

As Fig. 2 shows, EF has increased in South Korea, while bio-
capacity has steadily decreased. Because of this trend, the LCF of
South Korea has decreased and it has been under a critical limit (i.e.,
1). The LCF of South Korea per person was 0.48 in 1977 and 0.10 in
2018, and such a trend indicates that South Korea is facing a serious
environmental problem. In the current literature, although some
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studies consider the LCF perspective, no study has yet compre-
hensively examined the South Korean case by considering the
impact of nuclear energy on the LCF.

In summary, the literature on the LCF is growing, although the
available studies are still limited. Some studies address the South
Korean case, but no study examines the South Korean case in the
contextof LCFandnuclear energy ina single study. It is acknowledged
that [17] uncover South Korea applying a quantile-on-quantile
regression approach and does not include nuclear energy as an in-
dicator. Therefore, new studies that examine South Korea in the LCF
context by including nuclear energycomprehensively, using themost
recent data, and adopting a novel approach can help fill the literature
gap.

Considering the literature gap, the status of South Korea as one of
the leading nuclear energy-consuming countries, and the potential
contribution of nuclear energy consumption to environmental qual-
ity, this study investigates the effects of nuclear energy on environ-
mental quality (measured by CO2, EF, and LCF), while also controlling
renewable energy, economic growth, and the 1997 Asian crisis. The
objective of this study is to (i) establish the LCC hypothesis; (ii) test
both the LCC and EKChypotheses for South Korea; (iii) investigate the
effect of nuclear energy on the LCF in South Korea, also considering
renewable energy, economic growth, and the 1997 Asian crisis; (iv)
definethe inflectionpoint to stimulate thepositivecontributionofper
capita income to the LCF. The empirical results validate the LCC and
EKC hypotheses, prove the contributing effect of nuclear energy on
environmental quality, show how far away the inflection point is to
stimulating the contribution of nuclear energy to environmental
quality, and validate the robustness of the empirical results.

This study makes several contributions to the current literature.
First, this study focuses on South Korean case as a leading nuclear
energy-consuming country. While there are some articles on South
Korea [e.g., 17], these studies do not address LCF and nuclear energy.
Second, differently from most current studies, this study includes
three environmental indicators (i.e., CO2, EF, LCF) to investigate the
proposed LCF hypothesis as well as the EKC hypothesis. Considering
that, the literature about the LCF is growing but not yet mature, this
study can be evaluated as one of the pioneer studies because it ben-
efits from the South Korean example. Third, this study considers
nuclear energy, renewable energy, economic growth, and the 1997
Asian crisis as explanatory variables in linewith the current literature.
Fourth, this study includes annual data for the period 1977e2018,
which is the intersection of all variables. Therefore, it is thought that
this study makes an important contribution to the current literature
by focusing comprehensively on the South Korean example.

The remainder of the study consists of four sections. Section
IIreviews the current literature. Section III presents data, model,
and methodology. Section IV presents the empirical results. Section
Vpresents the conclusions and policy recommendations.

2. A brief literature review

In the current literature, CO2 emissions have been used inten-
sively to examine the environmental quality of countries [e.g.,18].
With the increasing importanceof environmental issues, EFbegan to
beused in the literature [19].More recently, LCFhas been considered
in limited studies [e.g., 20e24]. In considering the progress of
environmental quality indicators on such a journey, three of these
environmental quality indicators (i.e., CO2, EF, LCF) are considered in
this study to provide a clear picture of the examination.

A variety of factors has been used to examine environmental
quality. Some recent studies consider renewable energy con-
sumption. For instance Refs. [25e28], consider renewable energy
when examining environmental quality. These studies conclude
that renewable energy helps to limit pollution. However [29e31],



Fig. 2. Progress of environmental indicators in South Korea.
Source: Global Footprint Network [16].
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argue that renewable resources in Vietnam, MENA countries, and
China do not help prevent environmental degradation because they
are not used effectively.

Several studies also use nuclear energy consumption as an
environmental determinant. For example [3,8,15,32e34], use nu-
clear energy to examine the environmental quality of China, India,
the top five carbon-emitting countries, Pakistan, the BRICS region,
and France, respectively. These studies find that nuclear energy helps
protect environmental quality by decreasing pollution. When
searching the current literature for studies that include nuclear en-
ergy and the LCF, only [8], investigate nuclear energy in terms of its
environmentally friendly role in France. Moreover, while there are
numerous studies analyzing the EKC hypothesis [35], there is no
study examining the LCC hypothesis.

Overall, it can be summarized that the current literature includes
only a limited number of studies that address nuclear energy within
the LCF concept in the same study, whereas the effect of renewable
energy consumption and economic growth have been studied much
more. In addition, some of the highest nuclear energy producing and
consuming countries (i.e., the USA, France, China, and Russia) have
been examined. The lack of a study in the literature examining the
effects of nuclear power on environmental degradation in South
Korea in the context of the LCF is a research gap. Therefore, this study
aims to contribute to the current literature by focusing on South
Korea in a comprehensive approach and providing implications for
both nuclear energy-producing countries as well as those, who are
considering the usage of nuclear energy as an option against energy
crisis and environmental degradation problems.

3. Data, model, and methodology

3.1. Data and model

The study compiles annual data for the period 1977e2018 for
South Korea from three different sources. According to OurWorld in
Data [36], CO2 represents carbon dioxide emissions (per capita,
tons), REC denotes renewable energy consumption (per capita,
kWh), and NEC symbolizes nuclear power consumption (per capita,
kWh). Based ondata obtained from theWorld Bank [37], GDP stands
Fig. 3. Time series plots of the studied variables.
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for the gross domestic product (per capita, constant 2015 dollars).
Data are fromGlobal FootprintNetwork [16], EF stands for ecological
footprint (per capita, gha) and LCF is the load capacity factor (bio-
capacity/ecological footprint). Because the LCF includes biocapacity
in the numerator and EF in the denominator, it allows for simulta-
neous environmental assessmenton the supplyanddemandsides. A
higher LCF indicates a better environment. Fig. 3 shows the pro-
gression of the analyzed variables over time in logarithmic form.

As can be seen in Fig. 3, EF has an upward trend, the LCF has
been below the sustainability threshold for 40 years, GDP has
increased over the years, REC has gained momentum after 2001,
and the NEC has been on a steady trajectory since 2001.

The study uses three different models to analyze the LCC and
EKC hypotheses. All variables are included in Equations (1)e(3)
with logarithmic transformations to avoid the heteroscedasticity
problem and to measure elasticities.

lnCO2t¼r0þr1 lnGDPtþr2 lnGDPSQtþr3lnRECtþr4lnNECtþet
(1)

ln EFt¼t0þt1 lnGDPt þt2 lnGDPSQt þt3lnRECt þt4lnNECt þut
(2)

lnLCFt¼b0þb1 lnGDPtþb2 lnGDPSQtþb3lnRECtþb4lnNECtþwt

(3)

In these Equations., r0, t0, and b0 denote constant terms, r1;2;3;4,
t1;2;3;4 and b1;2;3;4 represent the elasticity corresponding to the
relevant environmental indicator, and et , ut , and wt illustrate error
terms. If the EKC hypothesis is valid, r1 (t1) is positive, r2 (t2) is
negative, and both are statistically significant. Since LCF is an
environmental quality indicator, the signs of income elasticities
change place in the validity of the LCC hypothesis, and a U-shaped
relationship is expected between income and environmental
quality. In other words, for the validity of the LCC hypothesis, b1 and
b2 should take negative and positive values, respectively, and at the
same time be statistically significant.

Although some studies indicate that nuclear energy increases
emissions (e.g., 38), researchers have emphasized the role of nu-
clear energy in promoting environmental quality in general
[15,32e34]. Since South Korea is one of theworld leaders in nuclear
energy generation and consumption, r4 and t4 are expected to be
negative and b4 is expected to be positive.While the environmental
role of renewable energy is widely recognized [35], some studies
claim that it does not affect environmental quality because
renewable resources are not used sparingly and effectively [39].
Since renewable energy use and investment are quite limited in
South Korea, r3, t3 and b3 are likely statistically insignificant.
3.2. Methodology

The study uses the Autoregressive Distributed LagModel (ARDL)
and the combined cointegration test for the short- and long-term
analysis of the cointegration relationship and the relationships
between variables. The ARDL bounds test approach proposed by
Pesaran et al. [40] allows simultaneous estimation of short- and
long-run elasticities and permits the study of the cointegration
relationship between series that have a different order of integra-
tion (I(0) or I(1) mix). Moreover, the ARDL approach gives effective
results in samples with small observations. For the bounds test, the
unrestricted error correction model (UECM) is set up in Equation
(4), and the cointegration analysis is performed by applying the
Wald test to the long-run coefficients.



Table 1
Results for unit root tests.

Variables PP DF-GLS

constant constant þ trend constant constant þ trend

lnCO2 �2.600 (1) �0.635 (1) 0.256 (1) �0.624 (0)
lnEF �1.460 (3) �1.636 (1) 0.017 (0) �1.732 (0)
lnLCF �1.653 (1) �1.367 (1) 0.457 (0) �1.390 (0)
lnGDP �3.205 (1)** 0.097 (3) �1.238 (5) �0.188 (0)
lnREC 0.274 (6) �1.779 (0) 0.126 (0) �1.976 (0)
lnNEC �7.057 (0)* �6.260 (2)* 1.101 (1) 0.121 (1)
DlnCO2 �5.283 (3)* �5.956 (0)* �5.182 (0)* �6.100 (0)*
DlnEF �7.185 (1)* �7.186 (2)* �5.943 (0)* �7.026 (0)*
DlnLCF �6.507 (1)* �6.640 (1)* �6.081 (0)* �6.761 (0)*
DlnGDP e �5.785 (2)* �4.387 (0)* �5.937 (0)*
DlnREC �8.974 (5)* �10.470 (15) �7.868 (0)* �8.509 (0)*
DlnNEC e e �1.475 (0) �3.222 (0)**

Notes: The asterisks *, **, and *** represent significance at 1%, 5% and 10%,
respectively. () indicates optimal lag lengths based on SBC For DF-GLS test and ()
shows Bandwidth for PP test.

Table 2
Optimal lag length selection for Bayer-Hanck cointegration test.

Dependent Variable Lag FPE AIC SC HQ

CO2 0 2.73e-07 �0.922 �0.709 �0.846
1 1.37e-12 �13.142 �11.862 �12.683
2 9.66e-13 �13.554 �11.208 �12.713
3 8.32e-14* �16.184* �12.772* �14.960*

EF 0 4.77e-07 �0.366 �0.153 �0.289
1 1.99e-12 �12.768 �11.488 �12.308
2 2.56e-12 �12.578 �10.232 �11.736
3 2.42e-13* �15.115* �11.703* �13.891*

LCF 0 5.73e-07 �0.182 0.030 �0.106
1 2.42e-12 �12.571 �11.292 �12.112
2 3.51e-12 �12.265 �9.919 �11.424
3 3.02e-13* �14.894* �11.481* �13.670*

Note: * is the value that minimizes the relevant information criterion.

U.K. Pata and M.T. Kartal Nuclear Engineering and Technology 55 (2023) 587e594
Dln EIt ¼w0 þ
Xa

i¼1

w1iDln EIt�i þ
Xb

i¼0

w2iDln GDPt�i

þ
Xc

i¼0

w3iDln GDPSQt�i þ
Xd

i¼0

w4iDln RECt�i

þ
Xe

i¼0

w5iDln NECt�i þþm1 ln EIt�1 þ m2 ln GDPt�1

þ m3 ln GDPSQt�1 þ m4 ln RECt�1 þ m5 ln NECt�1 þwt (4)

In Equation (4), w0 is the intercept, w1;2;3;4;and 5 are the short run
coefficients, m1;2;3;4;and 5 are the long run coefficients, a, b, c, d, and e
are the optimal lag lengths and wt is the error term. For the test of
the presence of cointegration, restrictions are applied to the con-
stant term and the lags of the independent variables based on case
II (restricted intercept and no trend). If the null hypothesis of no
cointegration (H0 : w0 ¼ m1 ¼ m2 ¼ m3 ¼ m4 ¼ m5 ¼ 0) is rejected,
a long-run relationship is established, and then the short-run and
long-run coefficients can be estimated based on the ARDL model.

In the study, the combined cointegration test of Bayer and Hanck
[41] is used as another method (BH). Some cointegration tests may
give different results. Therefore, Bayer and Hanck [41] developed a
cointegration test that can provide more effective and meaningful
results by combining the tests of Engle and Granger [42], Johansen
[43] (JO), Boswijk [44] (BO), and Banerjee et al. [45] (BDM). The two
statistics that can be measured for the BH cointegration test are
shown in Equation (5).

EG-JOH ¼ �2[ln(pEG)þln(pJOH)]; EG-JOH-BO-BDM ¼ �2[ln(pEG)þ
ln(pJOH)þ ln(pBO)þ ln(pBDM)] (5)

where, pEG, pJOH, pBO, and pBDM indicate the probability values of
the above cointegration tests. EG-JOH is the combined version of only
thefirst two tests, andEG-JOH-BO-BDMis the combined versionof all
four tests. In the Bayer-Hanck cointegration test, the probability
values of these tests are combined using Fisher's [46] formula. If the
calculated Fisher statistic is greater than the critical values, the null
hypothesis of no cointegration can be rejected and the long-run
relationship between the variables under study is established.

4. Empirical results

As a prerequisite for cointegration analysis in time series, the
study uses various unit root tests to determine the degree of sta-
tionarity of the variables. The results of the Phillips and Perron [47]
(PP) and Elliot et al. [48] Dickey Fuller-Generalised Least Squares
(DF-GLS) unit root tests are shown in Table 1. The DF-GLS test re-
sults show that all variables contain a unit root in their levels and
they become stationary at their first difference. Since the DF-GLS
test produces more effective results for small samples, all variables
are classified as I(1).

Having established that the variables are I(1), the optimal lag
lengths for the Bayer-Hanck cointegration test are determined us-
ing various information criteria and presented in Table 2. According
to the findings in the table, the optimal lag lengths for all three
models are given as “3”.

The results of the Bayer-Hanck cointegration test are presented
in Table 3. The results show that the null hypothesis of no cointe-
gration is rejected at the 1% level when CO2, EF, and LCF are used as
dependent variables. Thus, there is a long-term cointegration
relationship between nuclear energy, renewable energy, income,
and environmental indicators.

Table 4 presents the findings of the ARDL bounds test. A look at
the diagnostic tests shows that all three ARDL models have no
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problems with autocorrelation, heteroscedasticity, non-normal
distribution, and model specification. The F-statistic illustrates that
the null hypothesis of non-cointegration is rejected for all three
environmental indicators. These results are consistent with the
combined cointegration test.

Having demonstrated the presence of cointegration, the study
estimates the short- and long-term coefficients based on the ARDL
method andpresents them inTable 5. ECTt-1 ranges from0 to�1 in all
three models and is statistically significant. This suggests that the
short-term deviations in environmental indicators will approach the
long-term equilibrium value in about two years. Dummy97 repre-
sents the 1997 Asian crisis and causes a decline in EF. The decrease in
production during the crisis contributes to an improvement in envi-
ronmental quality, which is consistent with the outputs of Pata [27]
and Pata [50], who found that the 2001 crisis in Turkey and the 2008
crisis in the United States reduced environmental degradation.

According to the long-term coefficients, the EKC hypothesis is
valid for CO2 and EF. There is an inverted U-shaped relationship
between income level and these two environmental pollutants.
Unlike the results of Baek [51], the results of our study are compat-
ible with the EKC findings of Danish et al. [15], Dong et al. [32], Iwata
et al. [52], and Lau et al. [53]. Thewatersheds, set at $55,411-$61,020,
are higher than South Korea's per capita income of $31,053 in 2018.
In other words, South Korea has not yet reached the income level
thatwould reduce environmental degradation. Our results also show
that the newly proposed LCC hypothesis is valid because the GDP
coefficient is negative, the GDPSQ coefficient is positive, and both are
statistically significant. Previous studies in the literature have iden-
tified a monotonically increasing relationship between LCF and in-
come [e.g., 7, 20]. In contrast, this study highlights that there is a U-
shaped relationship between income and LCF.



Table 3
Results for combined cointegration.

Dependent
Variable

EG-JOH EG-JOH-BO-
BDM

CV EG-J CV EG-J-B-
B

Conclusion

CO2 18.300* 85.3190* 1%:
15.845

1%: 30.774 Cointegration

EF 56.132* 122.246* 5%:
10.576

5%: 20.143 Cointegration

LCF 56.917* 123.489* 10%:
8.301

10%:
15.938

Cointegration

Note: CV: Critical value.

Table 4
Results for ARDL bounds test.

k ¼ 4 CO2 EF LCF

Dummy ¼ 1997 Asian crisis ARDL (2,1,1,2,2) ARDL (1,1,1,0,2) ARDL (1,1,1,0,0)

F-statistics 4.101** 6.829* 4.252**

Narayan [49] Table CV's 1% 5% 10%
I(0) 3.967 2.893 2.427
I(1) 5.455 4.000 3.395
Diagnostic check
Ramsey-Reset 1.090 [0.306] 2.172 [0.151] 0.159 [0.692]
Jarque-Bera 1.109 [0.574] 0.486 [0.783] 0.345 [0.841]
White 0.780 [0.673] 1.788 [0.102] 1.593 [0.166]
ARCH 0.197 [0.659] 2.137 [0.152] 0.051 [0.820]
BG-LM 0.121 [0.885] 0.173 [0.841] 0.061 [0.940]
Dummy ¼ 1997 Asian crisis

Notes: The asterisk * and ** denote significance at 1% and 5% levels. [ ] indicates
probability values.
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Renewable energy has no long-term impact on environmental
quality in terms of CO2, EF, and LCF. The share of renewable energy
in South Korea's total energy consumption is quite lowat 3.18% [54].
Although South Koreawould like to increase the share of renewable
energy in total energy use to 7.7% by 2025, this is not possible with
the current investment performance [55]. Renewable energy has
not contributed economically and spatially in South Korea so far
[56]. The results of our study show that renewable energy in South
Korea also does not provide environmental benefits, and this result
is consistent with the findings for various developing countries that
cannot effectively use renewable energy sources [31,39].
Table 5
Coefficients based on ARDL models.

Series CO2 EF

coefficient probability coeffi

Long-run
lnGDP 7.276* 0.001 5.299
lnGDPSQ �0.333* 0.003 �0.24
lnREC 0.011 0.726 �0.00
lnNEC �0.222* 0.003 �0.19
Dummy97 �0.115 0.195 �0.09
Constant �35.123* 0.000 �25.5
Inflection point 55,411$ 61,02
Short run
lnDCO2t-1 0.126** 0.011 e

lnDGDP �3.262* 0.006 �7.87
lnDGDPt-1 e e �6.84
lnDGDPSQ 0.229* 0.000 0.494
lnDGDPSQt-1 e e 0.366
lnDREC 0.018** 0.069 0.020
lnDRECt-1 0.019** 0.053 e

lnDNEC �0.097* 0.000 �0.05
lnDNECt-1 0.025* 0.000 0.043
DDummy97 �0.079* 0.000 �0.14
ECTt-1 �0.394* 0.011 �0.53
Constant �13.016* 0.000 �13.9

Notes: The asterisks *, **, and *** represent significance at 1%, 5% and 10%, respectively
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Nuclear power is an effective policy tool to reduce CO2 emissions
and EF of South Korea and to increase LCF. The ARDL model results
show that a 1% increase in nuclear energy consumption can reduce
CO2 emissions and EF by 0.22% and 0.19%, respectively, in the long
run. At the same time, a similar increase could increase LCF by 0.24%.
This finding for LCF is confirmed by Pata and Samour [8]. The cor-
responding results for CO2 and EF are in linewith [15,32e34, 57e59].

The stability of coefficients in ARDLmodels is analyzed using the
CUSUM and CUSUM-SQ tests developed by Brown et al. [60] (see
Appendix). According to Turner [61], the CUSUM test has stronger
power properties than the CUSUMSQ test when the break is in the
constant term. In this context, the coefficients in the EF model may
also be stable because the CUSUM curve is within the 5% confidence
interval. It can also be seen that the coefficients of the models for
LCF and CO2 are stable.

Finally, the study tests the robustness of the long-run co-
efficients and turning points using CCR and DOLS methods. The
results of these methods presented in Table 6 are consistent with
the ARDL coefficients.
5. Conclusion and policy recommendation

In this study, the validity of the Load Capacity Curve and Envi-
ronmental Kuznets Curve hypotheses was examined simultaneously
for the first time using various time series methods for the South
Korean case. Also, the study introduced a new environmental policy
approach to the literature by testing the LCC hypothesis. In this
context, autoregressive distributed lag, canonical cointegrating
regression, and dynamic ordinary least squares estimators were
applied to analyze the impact of nuclear energy, renewable energy,
and incomeonenvironmental indicators and to test thevalidityof the
hypotheses.

The results of the analysis show that i) the hypotheses were
confirmed. The minimum inflection points for carbon emissions and
ecological footprint, where income could reduce environmental
degradation, were found to be $48,202 and $49,690, respectively. For
the load capacity factor, the minimum income level at which envi-
ronmental quality begins to increase was set at $72,429. Since all of
these watersheds are above South Korea's current income level,
pollution continues to increase as the country's economy grows.
LCF

cient probability coefficient probability

* 0.004 �5.670** 0.030
0** 0.010 0.249*** 0.060
2 0.915 �0.030 0.542
6* 0.003 0.244* 0.006
4** 0.035 0.060 0.363
29** 0.031 27.696** 0.022
0$ 84,801$

e e e

5* 0.000 11.875* 0.000
6* 0.004 e e

* 0.000 �0.722* 0.000
* 0.005 e e

0.199 �0.041** 0.028
e e e

3 0.140 0.095* 0.000
* 0.000 e e

2* 0.000 �0.001 0.987
9* 0.000 �0.457* 0.000
40* 0.000 11.931 0.000

.



Table 6
Robustness check for long-run estimation.

Model CO2 EF LCF

Series coefficient probability coefficient probability coefficient probability

DOLS
lnGDP 8.067* 0.000 6.994* 0.004 �6.647* 0.000
lnGDPSQ �0.374* 0.000 �0.323* 0.007 0.293* 0.000
lnREC 0.024 0.212 �0.033 0.247 0.034 0.154
lnNEC �0.274* 0.000 �0.267* 0.003 0.262* 0.000
Constant �38.543* 0.000 �33.396* 0.004 32.524* 0.000
Dummy97 �0.020 0.457 �0.064 0.138 0.071** 0.042
Inflection point 48,202$ 49,690$ 82,115$
CCR
lnGDP 8.406** 0.042 6.686* 0.004 �8.865* 0.006
lnGDPSQ �0.388*** 0.065 �0.301** 0.010 0.396** 0.015
lnREC 0.019 0.749 �0.066*** 0.055 0.066 0.157
lnNEC �0.307** 0.044 �0.318* 0.000 0.449* 0.001
Constant �40.173** 0.035 �31.887* 0.003 42.664* 0.004
Dummy97 �0.029 0.660 �0.042 0.407 0.081 0.238
Inflection point 50,547$ 65,351$ 72,429$
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Carbon emissions and ecological footprint reductions will be
possible in the coming years. To increase the load capacity factor, a
higher income level is required than for the other two environmental
indicators; (ii) as a result of the 1997 Asian crisis, pollution decreased
due to a reduction in production; (iii) renewable energy does not
play a role on environmental quality in the long term. The probable
reason is the low and ineffective use of renewable energy in South
Korea; (iv) nuclear energy is an energy source that can improve
environmental quality in the long term according to empirical ana-
lyses for the three environmental indicators.

Several important policy recommendations emerge from the
above findings. First, South Korea should implement greener eco-
nomic development strategies, as it is far behind the watershed in
preventing environmental degradation. Second, renewable energy
is not an effective solution to South Korea's environmental prob-
lems. Therefore, policymakers should not devote too many re-
sources to renewable energy, and efficiency in the use of available
renewables should be improved. Third, investment in nuclear po-
wer plants should be increased because nuclear energy supports
environmental quality. Nuclear energy is a cost-effective and stable
resource. Since nuclear power is environmentally friendly, it could
be a solution to South Korea's growing energy needs and help
reduce dependence on energy imports. The replacement of nuclear
energy with fossil fuels and the installation of new and techno-
logical reactors should be encouraged. In this context, the govern-
ment can support nuclear energy through low tax policies and
provide tax exemptions and incentives to facilitate the import of
nuclear energy technologies by manufacturers. Policymakers
should encourage domestic and foreign companies that offer nu-
clear energy to invest in green energy. Also, South Korea should
increase the share of nuclear energy in electricity generation
because of its importance on environmental quality.

Naturally, this study has some limitations, which are also
research opportunities for future studies. Because this study ana-
lyzes the LCC and EKC hypotheses only for South Korea, future
studies can test the validity of these hypotheses simultaneously for
a group of countries by applying panel data methods. Similar
countries can be also investigated in future studies. Moreover, some
factors, such as the explosion risk of nuclear power plants, radiation
risk, and potential health problems for workers and society, can be
considered in future studies because they were not included in this
study. Furthermore, various novel recent econometric approaches,
such as rolling-windows causality and machine learning algo-
rithms, can be applied in future studies to deepen the current
knowledge. Thus, new studies can contribute to a better environ-
mental assessment.
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