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Abstract

The Regional Comprehensive Economic Partnership (RCEP), which involved the ten ASEAN
(Association of Southeast Asian Nations) nations, China, Japan, South Korea, Australia, and
New Zealand, is facing tremendous challenges concerning the balance between economic
growth and carbon emissions. Although all RCEP members have made commitments under the
Paris Agreement, the increasing GDP growth and carbon emissions in RCEP have excessively
outpaced the global average. Under this circumstance, the core problem in policy and research
is to which extent carbon emissions be decoupled from economic growth. Consequently, the
study aims to explore the decoupling relationship between carbon emissions and economic
growth and investigate the driving factors of carbon emissions in RCEP. The paper conducted
the Tapio decoupling model to investigate the decoupling relationship in RCEP during
1990-2019 and combined the Kaya identity with LMDI decomposition to analyze the driving
factors of carbon emissions (energy structure, energy intensity, economic growth, and
population size). We found that: (1) RCEP still has not completely decoupled carbon emissions
from economic growth. The weak decoupling accounted for the most time in RCEP countries.
(2) Expansive coupling and expansive negative decoupling mainly occurred in developing
countries; (3) Economic growth was the primary factor of increased carbon emissions in
RCEP, which is more pronounced in developing countries with worse decoupling status; (4)
Energy intensity and energy structure mainly contributed to carbon reduction, which is more
pronounced in developed countries. To decouple economic growth from carbon emissions,
RCEP should accelerate the energy transition, industrial adjustment and technology sharing.
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1. Introduction

Regional trade agreements (RTAS) have taken over the world and are now widely used to
facilitate commerce and investment on a global scale (Baldwin & Jaimovich, 2012). The
Regional Comprehensive Economic Partnership (RCEP), which involved the ten ASEAN
(Association of Southeast Asian Nations) nations, China, Japan, South Korea, Australia, and
New Zealand, was finally signed in November 2020, making it the largest RTA in the world in
terms of both economic size and population (Hassan et al., 2022).

As a regional trade agreement, the majority of RCEP participants are typical developing
nations with less efficient industrial sectors in terms of reducing emissions. A significant
portion (39.1%) of the world's carbon emissions came from RCEP member nations. Therefore,
the fast expansion of the economy and industry in a rising number of developing countries may
place non-negligible costs on national and global emission reduction efforts. The irrational
carbon emissions have exacerbated climate change. Extreme weather, high temperatures,
droughts, and floods have wreaked havoc on the economy and society in the RCEP region. The
urgency of combating climate change and controlling carbon emissions was iterated in Paris
Agreement in 2015. Tackling carbon emissions issues to address climate change is the shared
responsibility of RCEP countries (Ritchie et al., 2020).

Despite all of the RCEP members having made commitments under the Paris Agreement
and the 2030 Sustainable Development Goals (SDG) of the United Nations, the increasing
GDP growth and carbon emissions in the region have excessively outpaced the global average.
One central concept of realizing sustainable development is to break the linkage between
carbon emissions and economic variables. It means that as the economic transformation and
upgrading reach a certain level, economic growth can be decoupled from carbon emissions.
Under this circumstance, the core problem in policy and research is to which extent carbon
emissions be decoupled from economic growth. Consequently, for RCEP countries, it is
critical to explore the decoupling relationship between carbon emissions and economic growth
and investigate the driving factors of carbon emissions.

Decoupling analysis has been widely applied to emission reduction research in recent
decades. The decoupling model originated from OECD to quantitatively evaluate the
coordination between economic growth and environmental pleasure (Ruffing, 2007). The
Tapio decoupling model improved the accuracy of traditional decoupling status. It classified
decoupling into eight statuses to identify the extent of coordination between environmental and
economic variables (Tapio, 2005). The Tapio decoupling model can be established to explore e
cointegration between carbon emissions and economic growth. For example, Lindmark (2004)
investigated the carbon emissions decoupling status of the most high-income countries from
1870-1992. Liddle and Messinis (2018) used the linear cointegration method with endogenous
breaks to examine the relationship between GDP and carbon emissions for 21 OECD countries
using data from 1870 to 2010. The Tapio decoupling model was also employed to evaluate the
decoupling of carbon emissions from GDP in South Africa during 1990-2012 (Lin et al.,
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2015). Wu et al. (2018) applied Tapio elastic analysis method to this data on economic growth
and carbon emissions in typical developed and developing countries in 1965-2015.

However, the decoupling model alone could not evaluate the effects of carbon emissions
externalities (Diakoulaki & Mandaraka, 2007). Carbon emissions decoupling research is
usually combined with factor analysis to break this limitation. Therefore, the factor
decomposition method is essential to analyze the driving factors of carbon emissions. Based on
the Kaya identity, Ang et al. (2004) improved the Laspeyres index and the Divisia index
method and proposed the Logarithmic Mean Divisia Index (LMDI) method. It was widely used
to analyze the regional carbon emissions from different sectors (Liu et al., 2007; W. W. Wang
et al., 2011; Xu et al., 2012; Shao et al., 2016; Mousavi et al., 2017; M. Wang et al., 2022).
More studies used changes in carbon emissions as a control function to analyze the emissions
factors. Economic growth, energy intensity, energy structure, and industrial structure are
usually set as driver factors of carbon emissions.

To decouple carbon emissions from economic growth when implementing RTAs, RCEP
needs to deal with the relationship between carbon emissions and economic growth. However,
the decoupling relationship between economic growth and carbon emissions at the regional
level, especially in the RCEP countries, is far from deep research. The aim of this study
empirically investigates the decoupling relationship and driving factors of carbon emissions
from economic growth in RCEP. To begin, the study conducts the Tapio decoupling model to
analyze the decoupling status of carbon emissions. Then, we combined the logarithmic mean
Divisia index (LMDI) method with Kaya identity to invsetigate the driving factors of carbon
emssions. Finally, this paper provide RCEP authorities with profound and more
comprehensive policy implications to set up carbon emission targets and strategies. The paper
is structured as follows. Section 1 includes brief introduction and literature review. Section 2
presents the methodology and data. Section 3 analyze and discuss the results. Finally, Section 4
concludes the major conclusions and policy implications.

2. Methodology and data source

2.1 Tapio decoupling Model

Tapio decoupling model calculates the coordination index between carbon emissions and
economic growth (Tapio, 2005). Tapio decoupling calculation can be simplified to include two
terms carbon emissions and GDP:

AC C;
T = G (Gj—lGi) 1)

In Eq. 1, T is the decoupling index of carbon emissions and economic growth, AC is the
increment of carbon emissions, and AG is the increment of gross domestic product (GDP). C;
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denotes carbon emissions in the base period i, and C; denotes carbon emissions in the year j
following the base period. G; denotes GDP in the base period i, and G; denotes GDP in the year
J following the base period.

Tapio decoupling model divides the decoupling state into eight stages, namely Strong
decoupling, Weak decoupling, Recessive decoupling, Expansive coupling, Recessive
coupling, Expansive negative decoupling, Weak negative decoupling, Strong negative
decoupling. A strong decoupling of growth is a highly coordinated state of rational
development, implying greater economic growth with minimal carbon emissions. The strong
negative decoupling means that economic growth is highly dependent on carbon emissions.
The specific decoupling criteria are as follows Tab 1.

Table 1: Criteria for decoupling carbon emissions from economic growth

Ranking AG AC T Decoupling Status
1 >0 <0 <0 Strong decoupling
2 >0 >0 0~0.8 Weak decoupling
3 <0 <0 >1.2 Recessive decoupling
4 >0 >0 0.8~1.2 Expansive coupling
5 <0 <0 0.8~1.2 Recessive coupling
6 >0 >0 >1.2 Expansive negative decoupling
7 <0 <0 0~0.8 Weak negative decoupling
8 <0 >0 <0 Strong negative decoupling

2.2 LMDI Decomposition model

Based on Kaya identity (Kaya, 1989), LMDI decomposition model was used to analyze the
carbon emissions factors (Ang, 2015). The carbon emission in the target year can be expressed
as:

C=SxExSxP=FXIXSXP @)
E G P

C denotes the carbon emissions in target year, E denotes the energy consumption in target
year, G denotes the GDP in target year, and P denotes the total population in target year; ’—Cs =F
denotes carbon emission per unit of energy output, pointing to the energy structure factor,

g = I denotes energy consumption per unit of GDP, pointing to the energy intensity factor,
g = s denotes GDP per capita, indicating the economic growth effect, P denotes the population
size effect.

With the LMDI decomposition method, the incremental carbon emissions AC in year j
(target year) and year i (base year) can be expressed as follows:

Aczcj'_cl'ZP}'XIjXSjXPj_FiXIiXSiXPi (3)

The additive form of the LMDI decomposition is as follows:
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AC = AF + Al + AS + AP 4
Among which
. C]'—Ci ﬂ
AF = lnC]-—lnCi X ln F; (5)
. C]'—Ci I_]
Al = lan—lnCi X ln I; (6)
AS = —I°t_x 3 7
n Cj—lnCi Si
AP = —=5 % (8)

= n
lnC]-—lnCi P;

AF, AI, AS, AP denote the increment of energy structure factor, energy intensity factor,
economic growth factor, and population size factor from year i (base year) to year j (target
year). The contribution of each effect to carbon emissions can be expressed as:

AF Al AS AP
ac” T ac” TS T ac” TP T ac (10)

Rp
RE represents the contribution ratio of energy structure effect, R, represents the contribution
ratio of energy intensity effect, R represents the contribution ratio of economic growth effect,

and Rp represents the contribution ratio of population size effect.

2.3 Data source

All the carbon emissions and energy data used in this research are collected from the BP
Statistical Review of World Energy 2022, and the rest of the variables are obtained from World
Bank Database. Based on the criteria of the World Bank, we divided the RCEP countries into
developed countries (2021 GNI per capita greater than $13,205) and developing countries
(2021 GNI per capita less than $13,205). Considering the data availability, 11 RCEP members
(Developed countries: Australia, New Zealand, Japan, South Korea, Singapore. Developing
countries: China, Vietnam, Thailand, Malaysia, Indonesia, Philippines) are included in the data
set from 1990 to 20109.

www.iacrss.org / info@iacrss.org




Sl
6" International Academic Conference on 'IAERI—:"%

Research in SOCIAL SCIENCES Oxford, The United Kingdom

24 - 26 March, 2023

3. Results and Discussion

3.1 Carbon decoupling analysis

Tapio decoupling elasticity of carbon emissions in RCEP countries from 1990 to 2019 is
presented in Tab. 2 and depicted in Fig. 1, Fig. 2.

Table 2: Tapio decoupling elasticity of carbon emissions in RCEP countries

Countries 1990-1994 1995-1999 2000-2004 2005-2009 2010-2014 2015-2019
Australia 0.45 0.71 0.42 0.30 0.05 0.09
New Zealand 0.65 0.68 0.58 -0.36 0.12 0.20
Japan 0.51 0.12 0.14 -2.91 0.41 -2.40
South Korea 0.90 0.29 0.36 0.34 0.34 0.12
Singapore 0.56 0.02 -0.21 0.17 0.23 0.20
China 0.36 0.18 1.06 0.41 0.38 0.23
Vietnam 0.73 1.26 1.87 0.58 0.59 1.19
Thailand 1.11 1.85 0.74 0.22 0.53 0.12
Malaysia 0.72 1.38 1.04 0.23 0.60 0.12
Indonesia 0.73 4,52 0.65 0.55 0.37 0.91
Philippines 1.65 0.75 0.22 0.17 0.68 0.85
RCEP 0.62 0.39 1.10 0.48 0.43 0.28

As Fig. 1 revealed, during 1990-2019, the decoupling elasticity of RCEP has declined
significantly since 2000. The decoupling elasticity of developing countries was significantly
higher than developed countries. The decoupling elasticity of developed countries shows a
clear downward trend and is trending towards 0. The decoupling elasticity of developing
countries remained positive. Since Kyoto Protocol entered into force in 2005, the decoupling
elasticity of China, Australia, and South Korea continued to decline, with decreases of 0.18,
0.21, 0.22, 0.29, and 0.58, respectively. During 2005-2009, the decoupling elasticity of Japan
and New Zealand turned negative. Besides, the impacts of the 2007 financial crisis and the
2011 Fukushima nuclear disaster had a significant impact on Japan's economic situation and
energy policy, so the decoupling elasticity of Japan was unstable during 2005-2019.
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Figure 1: The decoupling elasticity of RCEP
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Fig. 2 presents the decoupling state of carbon emissions in RCEP. Taking RCEP as a whole,
the decoupling state was weak decoupling in the study period except for expansive decoupling
during 2000-2004. Because the economic growth of selected RCEP countries has always been
positive during 1990-2019, there are only four carbon emissions decoupling statuses: strong
decoupling, weak decoupling, expansive decoupling, and expansive negative decoupling.
Among all the decoupling states of RCEP countries, weak decoupling occurred the longest,
while strong decoupling occurred the least.

Figure 2: The decoupling state of RCEP
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Strong decoupling only occurred in developed countries: New Zealand during 2005-2009,
Japan during 2005-2009 and 2015-2019, and Singapore during 2000-2004. It indicated that
meaning that economic growth was decoupled with carbon emissions. Expansive coupling
occurred in South Korea and Thailand during 1990-1994, China and Malaysia during
2000-2004, Vietnam, Indonesia, and the Philippines during 2015-2019. It indicated a much
faster growth rate of carbon emissions than economic growth. Expansive negative decoupling
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only occurred in developing countries, which were Thailand, Malaysia, and Indonesia during
1995-1999, Vietnam during 1995-2004, and the Philippines during 1990-1994. It indicated that
economic growth is strongly coupled with carbon emissions. Weak decoupling occurred in all
selected countries, namely Australia during 1990-2019, New Zealand during 1990-2004 and
2010-2019, Japan during 1990-2004 and 2010-2014, South Korea during 1995-2019,
Singapore during 1990-1999 and 2005-2019, China during 1990-1999 and 2005-2019,
Vietnam during 1990-1994 and 2005-2014, Thailand during 2000-2019, Malaysia during
1990-1994 and 2005-2019, Indonesia during 1990-1994 and 2000-2014, Philippines during
1995-2019. It implied that the economy's growth rate outpaced the carbon emissions rate.

3.2 LMDI Decomposition

Based on LMDI decomposition, the total carbon emissions of RCEP countries are
decomposed into four effects: energy structure effect, energy intensity effect, economic growth
effect, and population size effect. The contribution of the four effects is revealed in Appendix 1
and depicted in Fig. 3.

Holistically, with a total contribution of 177%, the economic growth effect is the primary
contributor to RCEP's increased carbon emissions. Besides, the population size effect
contributed to a 27% increase in carbon emissions. However, the energy intensity effect and
energy structure effect played a negative role in carbon emissions, with total contributions of
-93% and -11%.

www.iacrss.org / info@iacrss.org




6th International Academic Conference on

2
VIACRSS

Research in SOCIAL SCIENCES Oxford, The United Kingdom

Figure 3:

Factor contribution

24 - 26 March, 2023
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Note: Rg, Rs, R), Rp represent the contribution ratio of energy structure effect, energy intensity effect, economic
growth effect, and population size effect, respectively.

Compared with other effects, the economic growth effect was the primary factor of carbon
emissions in RCEP countries. The total effect was most prominent in Singapore, with a
contribution of 476%, followed by Australia and South Korea, with a total contribution of 378%
and 293%, respectively. The contribution of the economic growth effect to the increase in
carbon emissions was significant in China throughout the studied period, accounting for 212%
of the total change from 1990 to 1994, 418% from 1995 to 1999, 90% from 2000 to 2004, 204%
from 2005 to 2009, 220% from 2010 to 2014, and 366% from 2015 to 252%. The contribution
of the economic growth effect to the increase in carbon emissions was also significant in
Thailand and Malaysia during 2005-2019, Indonesia during 2000-2014, and Vietnam during
2005-2014. Exceptionally, the economic growth effect negatively contributed to carbon
emissions in New Zealand during 2005-2009, Japan during 2005-2009 and 2015-2019, and
Singapore during 2000-2004.

The population size effect was also a positive factor of carbon emissions in RCEP countries.
The total effect was most significant in Singapore, with a contribution of 420%, followed by
Australia and New Zealand, with a total contribution of 251% and 81%. The contribution of the
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population size effect to carbon emissions was highly apparent in Singapore during 1995-1999,
with a contribution of 1990%. However, the opposite case occurred in New Zealand during
2005-2009, Japan during 2005-2014, and Singapore during 2000-2004, when the population
size effect negatively contributed to carbon emissions.

The energy intensity effect was the negative factor of carbon emissions most of the time in
the study period in RCEP counties. The negative effect on carbon emission was most
significant in Singapore, with a total contribution of -588%, followed by Australia and Japan,
with a total contribution of -429% and -245%. Exceptionally, the energy intensity effect played
a positive role in New Zealand during 2005-2009, Japan during 2005-2009 and 2015-2019,
China during 2000-2004, Singapore during 2000-2009, Vietnam during 1995-2004, Thailand
during 1990-1999, Malaysia and Indonesia during 1995-1999.

The energy structure effect mainly played a negative role in carbon emissions in most RCEP
countries during the whole study period, except New Zealand, Japan, and Indonesia. The
negative effect on carbon emissions was most evident in Singapore, with a total contribution of
-208%, followed by Australia and Thailand, with a total contribution of -100% and -67%. In
China, the effect of the energy structure effects on reducing carbon emissions intensified after
2000. China's energy structure's effect on reducing carbon emissions intensified after 2000. On
the other hand, the total contribution of energy structure effect in New Zealand, Japan, and
Indonesia was 7%, 44%, and 6%.

3.3 Discussion

Generally, most RCEP countries have committed to reducing their carbon emissions in
compliance since the Kyoto Protocol entered into force in 2005. Although RCEP includes the
world's largest carbon emitters, the total carbon emissions and economic growth are
coordinated and have remained weak decoupling status. The decoupling elasticity has declined,
and the weak decoupling accounted for the most time in many countries.

Most RCEP countries still have a path dependence on carbon emissions. From the
dimension of decoupling, strong decoupling occurred only for a short time in very few
countries, while weak decoupling occurred the longest during the study period. Further,
expansive and negative decoupling has frequently occurred in the developing countries
represented by ASEAN members (Vietnam, Thailand, Malaysia, Indonesia, Philippines). The
industrial structure and the stage of industrialization are closely related. Indonesia, Vietnam,
and Thailand are undergoing industrialization, and the proportion of industry in GDP is
increasing. The industry value adds over 30% of the GDP in Malaysia and Thailand and over
40% in Indonesia and Vietnam. A higher proportion of industry resulted in more GDP carbon
emissions per unit. For these countries, it will still be a way to complete industrialization and
increase the proportion of the service sector, which means decoupling carbon emissions from
economic growth needs some time. However, developed countries represented by New
Zealand, Australia, and Japan completed industrialization earlier, the proportion of industry in
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GDP declined, and the service industry mainly contributed to GDP. Take Japan as an example.
The service value adds 69.1% in Japan, while the industry value adds 20%, indicating fewer
carbon emissions per unit of GDP. Moreover, ASEAN members such as Thailand, Indonesia,
and Malaysia are transferring high-carbon industries from Japan and the US, such as
automobiles and electrical machinery, from which major export partners are Japan, the US, and
China. It reflects the shift of carbon emissions from higher-income countries to middle-income
countries.

However, the Carbon emissions decoupling of some RCEP countries has been optimized
since Kyoto Protocol entered into force in 2005. Taking China as an example, with annual GDP
growth of over 9%, China experienced expansive decoupling from 2000 to 2004, which means
carbon emissions grew faster. Since China introduced an open market economy in 1992, the
government has prioritized economic development more than reducing air pollution, which has
led to a conflict between a booming economy and rising carbon emissions (Qi et al., 2016).
However, decoupling elasticity decreased and remained in the weak decoupling range since
2005. With the government's attention to air pollution control, "China's war on pollution”
started in 2014, and carbon reduction has been written into China's five-year plans (Bao & Liu,
2022). China has made substantial progress in carbon reduction. From 2013 to 2018, GDP
grew at an average annual rate of 7.01%, while carbon emissions increased at an average
annual rate of 0.81% (M. Wang et al., 2022). China is approaching strong decoupling.
High-income countries have performed better at decoupling carbon emissions.

Energy transition matters in carbon reduction of RCEP. As the results of LMDI
decomposition revealed, the energy structure and energy intensity effects promote the
reduction of carbon emissions and promote the decoupling process of RCEP carbon emissions.
Utilizing non-fossil energy to replace fossil fuels has been one of the RCEP's most critical
issues. Especially for developing countries, the utilization of non-fossil energy is profoundly
linked to the investment supported by the government. In China, adjustments in energy
structure played a minor role in carbon emissions reduction, and coal still accounted for around
60% of energy consumption (Qi et al., 2016). However, non-fossil energy accounted for 15.3%
of primary energy consumption, 42% of installed power generation capacity, and 32.7% of
power generation (China Statistical Yearbook, 2020). China's experience can be summarized
as adopting solid policies and providing substantial government subsidies to support the
development of non-fossil energy sources. For example, solar water heaters have been strongly
promoted in China, accounting for more than 70% of the world's total installed solar thermal
energy capacity. Also, wind energy is fully developed. According to Global Wind Energy
Report 2022, China's newly installed capacity of onshore wind power in 2021 was 30.7 GW,
accounting for 42.34% of the world. Offshore wind power accounts for 80.02% of the world's
new installed capacity, surpassing the UK and Germany in offshore wind power generation,
becoming the world's largest offshore wind power market, accounting for 40% of the world's
total installed capacity. Most ASEAN regions are rich in wind, hydro, and solar energy.
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According to Development planning, ASEAN's solar and wind power generation will increase
fivefold between 2015 and 2030 (Arafah, 2018). Indonesia’s abundant hydropower and
geothermal energy will be invested in and developed in the next decade. The experience of
China's Non-fossil energy development is worth learning from developing countries,
especially ASEAN countries, which have the potential to develop non-fossil energy.

4, Conclusion and policy implication

This paper investigated the decoupling relationship in RCEP countries during 1990-2019.
Moreover, we applied LMDI decomposition to analyze factors of carbon emissions. Based on
the empirical results, the main findings of this paper include the following aspects:

(1) RCEP countries still have not decoupled carbon emissions from economic growth. The
weak decoupling accounted for the most time in RCEP countries. Apparent differences in
decoupling were found between countries with different levels of development. Developed
countries are better at decoupling carbon emissions than developing countries. Strong
decoupling mainly occurred in developed RCEP countries. Expansive coupling and expansive
negative decoupling occurred mainly in developing RCEP countries.

(2) Economic growth was the primary carbon emissions factor in RCEP. The economic
growth factor to carbon emissions is more pronounced in developing countries with worse
decoupling status. In contrast, the economic growth factor to carbon emissions could be more
pronounced in developed countries with better decoupling status.

(3) Population size effect was a positive factor of carbon emissions in RCEP countries.
Furthermore, the population size effect is more pronounced in developed countries such as
Singapore, Australia, and New Zealand.

(4) Energy intensity and energy structure effect mainly contributed to carbon reduction,
which is more pronounced in developed countries. Compared with ASEAN countries, energy
intensity plays a more prominent role in carbon reduction in China.

Based on the conclusion, targeted policies are provided as follows. RCEP must strengthen
energy transition and industrial adjustment and promote decoupling carbon emissions from
economic growth. Especially developing countries should accelerate the transformation of
economic development in the progress of industrialization and promote industrial and energy
transition. The government should strengthen subsidies and support for non-fossil energy and
promote the energy transition through energy development planning and regulations.
High-income and mid-income countries should strengthen cooperation on carbon reduction
and promote technology sharing.
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Appendix 1

Table 1: Tapio decoupling elasticity of carbon emissions in RCEP countries

Countries | Factors | 1990-1994 | 1995-1999 | 2000-2004 | 2005-2009 | 2010-2014 | 2015-2019 | Contribution
Rr 0.00 0.15 0.05 0.01 272 347 ~1.00
i R 115 053 133 2.07 1477 591 429
Australia - —p- 1.49 1.04 1.63 2.16 11.80 456 3.78
Rr 0.67 0.34 0.64 0.90 6.69 5.83 251
Rr 014 0.76 0.70 1.07 101 20.05 0.07
New R 037 119 137 2.39 75.00 3.48 150
Zealand | R 0.61 0.99 1.04 101 6.24 2.73 162
R 0.90 0.45 0.63 055 1.66 179 0.81
Rr 20,08 214 1.01 013 313 0.60 0.44
apan = 20.80 464 6.70 1.18 452 0.80 245
Rs 171 6.94 6.32 20.30 253 2045 2.79
Rr 0.18 0.84 0.37 20.02 014 0.05 0.22
Rr 20,07 136 016 20.04 2056 128 058
South R 0,02 078 139 174 123 537 176
Korea Rs 0.98 2.72 2.34 2.43 2.28 6.85 2.93
Rr 0.11 0.41 021 0.35 0.51 0.79 0.40
Rr 0.05 013 0.03 20.05 034 0.79 20.20
china R 137 352 0.01 107 1.05 2.16 152
Rs 212 418 0.90 2.04 2.20 3.66 2.52
R 0.20 0.46 0.06 0.09 0.19 0.29 0.21
Rr 015 983 3.70 491 104 024 2.08
singapore | 2048 3128 1.39 052 2.05 337 5.88
Rs 121 22.21 354 2.32 2.47 3.89 476
Rr 0.43 19.90 2055 3.07 163 071 4.20
R 013 0.03 0.15 017 2042 0.14 20.07
Vieram R 017 0.15 0.25 045 016 001 007
Rs 1.05 0.69 0.54 143 1.39 0.78 0.98
Rr 0.26 0.13 0.07 0.19 0.20 0.09 0.16
Rr 0.05 2058 022 151 033 141 067
traitang | 0.03 1.03 20,08 170 2049 492 102
Rs 0.83 0.07 1.16 3.73 162 6.86 2.38
R 0.09 0.49 0.13 0.48 0.19 047 0.31
Rr 018 003 0.14 037 20,07 256 051
valaysia | 014 0.27 011 263 051 4.06 120
Rs 1.02 0.39 0.66 2,67 1.20 5.84 1.97
R 0.29 0.36 0.30 133 0.38 178 0.74
Rr 2003 20.09 0.04 0.26 0.22 20.05 0.06
ndonesia LR 028 0.85 053 0.97 174 20.04 2045
Rs 1.07 20.04 117 141 197 0.87 1.07
Rr 0.24 0.28 0.31 0.30 0.56 0.22 0.32
e R 0.05 019 0.15 0.05 011 20.60 011
R, 057 122 2007 20.96 1.05 172 093
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Rs 1.28 1.91 0.82 1.75 1.91 2.95 1.77
Rp 0.24 0.50 0.10 0.16 0.25 0.37 0.27

Note: Rg, Rs, R), Rp represent the contribution ratio of energy structure effect, energy intensity effect, economic
growth effect, and population size effect, respectively.
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