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THE LOW CARBON DEVELOPMENT BY REGION IN CHINA

As low carbon development has become the dominant development
trend in the world, China has started its own exploration in the field of low
carbon development. In order to qualitatively and quantitatively examine
the low carbon development of China’s regions, this paper designs a
regional low carbon development evaluation index system. And the entropy
weight method is introduced to calculate the low carbon development
index of China's regions from 2015 to 2019. In addition, this paper studies
the trends of regions low carbon development in China and the problems
faced from the perspective of low carbon development status, low carbon
development background and low carbon development potential.

Keywords: low carbon development index, entropy weight method,
indicator system.

Tockonvky nuzkoyenepooHoe pazeumue Cmaio OOMUHUPYIow el meHoeH-
yueti pazeumusi 6 mupe, Kumail nauan ceou coocmsenmvie uccie008anus
6 obnacmu Hu3KoyenepooHo2o paseumus. [ Kauecmeenno2o u Konude-
CMBEHHO20 AHAU3A HUZKOY2NepOOH020 pazsumus pecuonog Kumas 6 oan-
HOU cmambe paspabomana cucmema UHOEKCo8 OYeHKU HUZK0Y21epPOOHO20
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paseumus pecuoros. s pacuema uHOeKca HU3Koy2iepooHo20 pa3eumust
peauonos Kumas ¢ 2015 no 2019 200 ucnonvsyemcsa memoo dHmponuti-
Ho2o e36euueanus. Kpome moeo, 6 pabome uccrnedyiomes meHOeHyuu
HU3KOY2llepOOH020 pazeumus pecuonos Kumas u npobnemvl, ¢ Komopvimu
OHU CIMANKUBAIOMCS, ¢ MOUKU 3PEHUsI COCIMOANUA HUSKOY2NePOOHO20 pa3-
BUMUSL, NPEONOCHIIOK HUSKOY2NePOOHO20 PA3GUIMUA U NOMEHYUANA HUZKO-
V2nepooHo20 pa3eumus.

KnioueBble CNOBA: urdekc HUZKOY2IepOOHO20 PA3EUMUsl, MEMOO SHMPO-
RUITHO20 B36CULUBAHUSL, CUCTEMA UHOUKATOPOS.

1. Introduction

Nowadays economic tools have become one of the main ways in
which countries play competitively. Under the economic framework,
low carbon development is a rare economic development strategy
with global realisation as the main objective, involving most of the
countries in the world, in order to combat common climate change.
Low carbon development is the current international consensus
and the dominant development trend. China is a major player and
promoter of global low carbon development. In terms of policy, the
Chinese government has set national targets for carbon peaking by
2030 and carbon neutral by 2050. In terms of finance, China has
been increasing its investment in new energy and clean energy in
recent years, with a view to improving the current coal-based energy
structure of the country. In terms of the economy, the tertiary sector
in China continues to develop and some regions have progressed in
their industrial structure. However, the background, potential and
status of low carbon development is bound to differ between regions,
where there are huge differences in endowments and development.
In this context, this paper will select appropriate indicators to
construct a regional low carbon development evaluation system and
analyse the status and trends of low carbon development in various
regions of China from 2015 to 2019, with a view to reaching a good
start for subsequent research on low carbon development.

56



2. Methodology

In order to clarify the low carbon development level and
development trend of each region in China, this paper will apply
the entropy weight method to calculate the low carbon development
index of each region in China. The selected indicators and their
explanations are shown in Table 1. [1, p. 5463] [2, p. 76]

Table 1. Indicators for low carbon development index

Factor

Background
of low carbon
development

Status of
low carbon
development

Potential for
low carbon
development

Indicator
Regional economic
Industrial structure

Energy structure

Carbon emissions per unit
of output

Carbon emissions per
capita

Carbon emissions per unit
of energy consumption

Proportion of urban

residents
Proportion of investment

in scientific research

Forest coverage

Explanation
Gross regional product
Share of tertiary sector

Proportion of coal consumption to

total energy consumption
CO, emissions/Gross regional

product
CO, emissions/Regional population

CO, emissions/Total energy
consumption

Proportion of urban residents to total
regional population

Proportion of investment in scientific
research to total investment

Forest coverage rates

Based on the indicators, we applied the entropy weight method to
calculate the low carbon development index in each region of China.
As the units of measurement for each indicator are not uniform, the

raw data needs to be pre-processed.

For positive indicators:

x; —min(x, ..., x,,

Xy =

max(xlj,...,xnj)—mm(xlj,...,x )
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For negative indicators:

max(xlj,...,xnj)—x”

Xy = ; )
’ max(xlj,...,xnj)—mm(xlj,...,xnj)

where X, = the value of indicator j in region i, € [1, n], j € [1, n].
The entropy value would be calculated with the formula

e = (1nnjzpyln(p”)’ 0<e<l,

where e - the entropy value for indicator j, p , — the proportion of
indicator j Jj in region i.
The coefficient of variation could be calculated with the formula

h=1-e,,

J J

where kj — the coefficient of variation of indicator j, e— the entropy
value for indicator j.
The weight for each indicator could be calculated with the formula

A
S, Saee)

J=1 J=1

where w, = the weight for each indicator, . — the coefficient of
variation of indicator j, e - the entropy value for indicator ;.

The low carbon development index would be calculated with the
formula

m
— %
=3 w* X,
=

where u, — the low carbon development index for region i, W, — the
weight for each indicator.

58



3. Low carbon development of regions in China

We select raw data from 2015 to 2019 and calculate the low carbon
development index of each region in China with the entropy weight
method. A line graph of low carbon development index is drawn, as
shown in Figure 1.
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Fig. 1. Low carbon development index by region

As we can see from the figure, the level of low carbon development
across regions in China is generally low, with significant differences
between regions. Only a few regions have achieved a relatively
satisfactory score for the low carbon development index, and
their scores have remained largely stable from year to year. These
regions are Beijing, Guangdong, Jiangsu, Shanghai, Tianjin and
Zhejiang, all of which are located along the Bohai Sea Rim, the
Yangtze River Delta or the Pearl River Delta. They are the regions
that fall under the three major economic zones of China and are the
most developed regions of the country. The majority of regions in
China are still at a low level of low carbon development and have
not seen any improvement over the years. These regions are mainly
represented by Guizhou, Inner Mongolia, Ningxia and Xinjiang,
which are relatively underdeveloped. Some of them belong to
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autonomous regions of ethnic minorities and are located at the
periphery of the Chinese territory. The disadvantage of geographical
location limits the exchange and cooperation between these regions
and other regions and discourages shared development. In addition,
Inner Mongolia and Xinjiang are resource-based regions in China,
with a considerable energy production capacity. But such resource
endowments have been gradually leading these regions to rely on
the energy industry for their regional development, which eventually
results in an industrial lock-in effect. Among regions in China, those
with an average level of low carbon development show the greatest
fluctuations in this index over five years, and the trend tends to rise
and then fall. Over the long term, the improvement in the level of
low carbon development in these regions is slight and the trends
indicate the unpredictability to their future development.

To further explore the differences in various aspects of low carbon
development across regions in China, we have plotted the indices of
low carbon development by factor for each region in 2015 and 2019
in the map, as shown in Figure 2, 3, 4. [3, p. 666]

0.06-0.12

onzois [N

Fig. 2. Comprehensive index
of low carbon development statue by region

60



From the figure we can notice thatin 2015 all regions in China generally
scored very low on the factor of low carbon development status. After
five years, all regions have improved their scores to varying degrees in
2019, but the progress has been modest. The geographical distribution
of the index for factors of low carbon development status by region is
characterised by high scores in the south of China and low scores in the
north. In 2015, except for Beijing, the capital of China, whose score
was relatively high, there was a clear upward trend from north to south
across all regions of the country. And in that year, all the regions in
the south graduated from the lowest index range of 0—0.06 on the low
carbon development status. The index for 2019 also reflects a better low
carbon development status in the south and a poorer one in the north.
As leaders and drivers of low carbon development, most of the regions
that experienced a significant advancement in low carbon development
status over five years were in the south. Most of the regions in the north
of China have not seen significant progress in low carbon development
status over five years. Most of them are still lagging behind based on the
comprehensive index on the factor of low carbon development status. In
addition, a large part of the regions in the north of China that are lagging
behind in low carbon development status are traditional resource-based
regions of China. Due to a variety of factors, it is difficult to improve
the low carbon development status in these regions in the short term. As
a result, it can be seen that the low carbon development status in China
shows a great start and faster development in the south and a poor start
and slow development in the north.

From the figure we can see that the regions of China score poorly
on the factor of low carbon development background, with significant
differences between regions. From 2015 to 2019, some regions show a
trend of regression in this index to some extent. Firstly, over five years,
the number of regions in the leading position according to the index of
low carbon development background has decreased from four to two.
There is also a small reduction in the number of regions falling into
ranges with great index This has led to an enlarged proportion of regions
falling into the lower index range of 0.18-0.24. The comprehensive
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index of low carbon development background still showed certain
geographic characteristics. The index of low carbon development
background is significantly higher in the eastern coastal regions than in
other regions, and their index has remained stable over five years. This
is closely related to the distribution of regions with a rapid economic
development. The economic zones within China include the Yangtze
River Delta Economic Zone, the Pearl River Delta Economic Zone
and the Bohai Economic Circle. The rapid economic development and
great social potential of these regions has contributed significantly to the
excellent background of low carbon development. In addition, although
there is a small decrease in this index over five years and a declining
trend in index of low carbon development background, the decline
is more noticeable in the northern regions, such as Inner Mongolia,
Shanxi, Heilongjiang and Liaoning. Therefore, the unbalanced low
carbon development background in China is inevitably correlated with
unbalanced economic development. This has led to a situation in which
the economic zones are better developed and the other regions are
lagging behind in terms of low carbon development background.

Fig. 3. Comprehensive index of low carbon development
background by region
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Fig. 4. Comprehensive index of low carbon development
potential by region

The figure reveals that all regions in China score poorly on factors of
low carbon development potential, with significant differences between
regions. In 2015, the only region that falls into the highest index range
of low carbon development potential is Beijing at 0.24+. The rest of
the regions fall into different index ranges of low carbon development
potential, and there exists some variation across the regions. By 2019,
there is some variation in the component regions of each range, but
the variation is less pronounced and generally reflects a slight progress.
Over five years, there has been an expansion in the number of regions
that fall into the higher index range of low carbon development potential.
Generally, the regions with a higher low carbon development potential
index in 2015 show a strong aggregation. Most of them belong to the
Bohai Economic Circle, the Yangtze River Delta Economic Zone and
the Pearl River Delta Economic Zone. In 2019, however, the advantage
of the Bohai Economic Zone in terms of low carbon development
potential has dropped. While the regions within the Yangtze River
Delta Economic Zone and the Pearl River Delta Economic Zone still
hold a strong advantage in terms of low carbon development potential.
As a result, the low carbon development potential of regions in China
also reflects, to some extent, the fact that regions with better economic
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development have high scores and other regions have low scores.
However, the phenomenon tends to weaken over time.

4. Conclusion

Aslow carbon development has become the dominant development
trend in the world, China has also started its own exploration in
the field of low carbon development. In order to qualitatively and
quantitatively examine the low carbon development of China’s
regions in different periods, this paper designs a regional low carbon
development evaluation index system. And the entropy weight
method is introduced to study the low carbon development of China’s
regions from 2015 to 2019. From our study we can learn that the low
carbon development of China’s regions is generally lagging behind
and there are significant differences across regions. Most of the
regions with a good low carbon development index and a relatively
stable performance from year to year belong to the Bohai Economic
Rim, the Yangtze River Delta or the Pearl River Delta. Other regions
suffer from lagging and fluctuating low carbon economies. Some
remote and traditional resource-based regions are lagging behind
in their low carbon development due to a variety of factors and
there is no clear trend towards improvement. When the low carbon
development of each region is examined under different factors, we
learn that the regions of China score very low on the factor of low
carbon development status. And the low carbon development status
in China shows a great start and faster development in the south and
a poor start and slow development in the north. For the factor of low
carbon development background, the overall score of China’s regions
is not great, and there are significant differences across regions. The
index of low carbon development background also shows certain
geographic characteristics. A situation arose in which the economic
zones are better developed and the other regions are lagging behind
in terms of low carbon development background. For the factor of
low carbon development potential, scores across China’s regions are
generally low, also with significant differences across regions. There
is a trend of higher scores in the more economically developed
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regions and lower scores in other regions in terms of low carbon
development potential across regions of China.
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I. B. Typ0an
benopycckuii 2ocyoapcmeenulii 5KOHOMUYECKULL YHUBEPCUMEN
(2. Munck, Pecnyonuxa Benapycsy)

YYACTUE KUTAR
B PETMOHANIbHOI 3KOHOMWUYECKOi MHTEFPALIMU

B cmamve npoanaruzuposano yuacmue Kumas 6 docoeopax o co3oa-
HUU 301 C60000HOT MOP20GIU, YCMAHOBIEHO CYWECMBEHHOe OMauYUe 1ye-
Jetl coenauenutl 0o sxoHomuueckol unmeepayuu Kumas c 3apyoexicnvimu
cmpanamu, 0aHa XapakmepucmuKa MelNCKOHMUHEHMAIbHO20 UHIMe2Payu-
OHHO20 0bveduHeHus ¢ yuacmuem Kumas — Bceobvemmiouje2o pecuonais-
HO20 IKOHOMUYECKO20 NAPMHEPCMEd, NOOYEPKHYMA NEPCREeKMUEHOCHTb
compyonuuecmea cmpan Ceeepo-Bocmounou Azuu, 0603naqenst namo ye-
ne konyenyuu Coobujecmea eOunotl cyovowl, e3amolx Kumaem 3a ocHogy
pazeumusl.
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