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Abstract. On the basis of the panel data of 11 provinces in 2005~2021, this paper 

chooses the construction industry of China’s coastal provinces as the research 

object, studying the decoupling relationship and degree of the construction in-

dustry’s economic growth and carbon emissions with Tapio decoupling model. 

The results show that the relationship between the economic growth and carbon 

emissions of these areas varies as "weak decoupling-expansive coupling-weak 

decoupling-strong decoupling", and the decoupling status of different coastal 

provinces is obviously different. Based on the analysis above, this paper utilizes 

the LMDI decomposition method to decompose the decoupling elasticity, con-

cludes that the energy intensity effect is the main factor hindering the decoupling 

of economic growth and carbon emissions in the construction industry. Then, 

some suggestions are put forward, such as optimizing the energy consumption 

structure, improving energy efficiency, and establishing a building carbon emis-

sion trading mechanism. 

Keywords: construction industry; economic growth; carbon emissions; decou-

pling mode 

1 Introduction 

With the acceleration of urbanization construction and rapid economic growth in China, 

the contradiction between resources, environment, and economy is becoming increas-

ingly prominent. As a pillar industry of the national economy, the construction industry 

has a significant radiation and shaking effect on other industrial sectors. At the same 

time, it is also a high energy consumption industry. The annual consumption, when 

converted into standard coal, shows an increasing trend year by year, which inevitably 

leads to an increase in carbon emissions and has an undeniable negative impact on the 

environment[1]. Improving energy utilization efficiency, developing low-carbon prod-

ucts and services, and ensuring economic growth while reducing carbon emissions have 

become the development trend of China's low-carbon economy[2]. Analyzing the de-

coupling relationship between the economic development of the construction industry 

and carbon emissions in coastal provinces can provide a basis for evaluating their low- 
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carbon development level. Therefore, this article takes the construction industry in 
coastal provinces of China as the research object, and quantitatively analyzes the de-
coupling characteristics and changes between economic growth and carbon emissions 
in the construction industry through the Tapio decoupling model. The LMDI decom-
position method is used to deeply study the relevant factors affecting decoupling elas-
ticity and provide targeted suggestions. 

2 Related Theories and Models 

2.1 Decoupling Model 

According to the Environmental Kuznets Curve (EKC) hypothesis, economic growth 
consumes more resources and puts greater pressure on the environment. When effective 
measures are taken, lower resource consumption and environmental pressure also ac-
celerate economic growth, a process known as decoupling[3]. Tapio used decoupling 
elasticity and constructed decoupling indicators when studying the relationship be-
tween economic growth and carbon emissions in the transportation sector. The defini-
tion of decoupling is a state where the elasticity value between traffic volume and eco-
nomic growth is less than 1. The ratio of the degree of change in carbon emissions 
caused by changes in economic development reflects the sensitivity of carbon emis-
sions to economic changes[4].  𝑟 = ୼௏ை௅/̸௏ை௅୼ீ஽௉/̸ீ஽௉                              (1) 

In equation (1), r represents the elastic value of transportation volume; VOL repre-
sents the transportation volume,𝛥VOL represents the change in transportation vol-
ume;𝛥GDP is the amount of change in GDP. 

The Tapio decoupling model divides decoupling states into: expansionary negative 
decoupling, strong negative decoupling, weak negative decoupling, weak decoupling, 
strong decoupling, decaying decoupling, expansionary coupling, and decaying cou-
pling, as shown in Table 1. 

Table 1. Tapio decoupling state and decoupling elasticity 

Decou-
pling state 𝜟𝑪/𝑪 𝜟𝑮/𝑮 

Decoupling elas-
ticity coefficient 𝒙 

significance 

Dilatant 
negative 

decoupling 
>0 >0 𝑥 >1.2 

Economic growth, accompanied by 
a sharp increase in carbon emis-

sions 
Strong neg-

ative de-
coupling 

>0 <0 𝑥 <0 During economic recession, carbon 
emissions increase 

Weak nega-
tive decou-

pling 
<0 <0 0<𝑥 <0.8 

The rate of carbon emission reduc-
tion is lower than the rate of eco-

nomic recession 

Weak de-
coupling >0 >0 0<𝑥 <0.8 

The growth rate of carbon emis-
sions is slower than economic 

growth 
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Strong de-
coupling <0 >0 𝑥 <0 Economic growth while reducing 

carbon emissions 

Decline de-
coupling <0 <0 𝑥 >1.2 

The economic downturn is slower 
than the reduction of carbon emis-

sions 

Expansive 
coupling >0 >0 0.8<𝑥 <1.2 

The increase in carbon emissions is 
comparable to the speed of eco-

nomic growth 

Decay cou-
pling <0 <0 0.8<𝑥 <1.2 

The speed of economic downturn 
and carbon emission reduction is 

comparable 
This article is based on the Tapio model and selects the carbon emissions and GDP 

of the construction industry in 11 coastal provinces from 2005 to 2021 as the main 
indicators to measure the economic growth and carbon emissions of the construction 
industry in coastal provinces. The model is constructed as follows: 

 𝑥 = ௱஼/஼௱ீ/ீ                                   (2) 

In equation (2), x represents the elasticity coefficient of decoupling between eco-
nomic growth and carbon emissions in the construction industry, C represents the car-
bon emissions in the construction industry, and 𝛥C represents the change relative to 
the base period's carbon emissions; G represents the gross domestic product of the con-
struction industry, and 𝛥G represents the change relative to the base period's gross do-
mestic product of the construction industry. 

2.2 LMDI Decomposition Method 

At present, there are two main types of factor decomposition methods. One is the Struc-
tural Decomposition Method (SDA) based on input-output tables as data support, and 
the other is the Exponential Decomposition Method (IDA) that only requires output 
sum data and is suitable for time series analysis. This article selects the LMDI decom-
position method from IDA. 𝐶 = ∑ ஼೟ா೟௧ × ா೟ா × ாீ × 𝐺 = ∑ 𝐹௧௧ × 𝑀௧ × 𝑇 × 𝐺                    (3) 

Among them, C is the carbon emissions of the construction industry, Ct is the carbon 
emissions of the t-th energy source, Et is the consumption of the t-th energy source, E 
is the primary energy consumption, and G is the gross domestic product of the con-
struction industry[5]. Ft represents the emission intensity of different types of energy, 
that is, the carbon emissions per unit of consumption of the t-th type of energy, Mt 
represents the proportion of the t-th type of energy in one-time energy consumption, 
and T represents the energy consumption per unit of GDP in the construction industry, 
that is, the energy intensity of the construction industry. 

According to equation (3), the factors affecting carbon emissions in the construction 
industry include four aspects: carbon emission intensity effect, energy structure effect, 
energy intensity effect, and industrial scale effect. Let △ 𝐶௞௢௞ = 𝐶௞ − 𝐶௢,△ 𝐶௞௢௞is the 
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change in total carbon emissions,𝐶௢、𝐶௞are the base period carbon emissions and 
the𝑘period carbon emissions, that is 

 △ 𝐶௞௢௞ = 𝐶௞ − 𝐶௢ =△ 𝐶ி +△ 𝐶ெ +△ 𝐶் +△ 𝐶ீ              (4) 

Among them, △ 𝐶ி 、△ 𝐶ெ 、△ 𝐶் 、△ 𝐶ீ separate carbon emission scale ef-

fects.Δ𝐶ி = ∑ ஼೟ೖି஼೟೚ூ௡൫஼೟ೖ/஼೟೚൯௧ × 𝐼𝑛ሺ𝐹௧௞/𝐹௧௢ሻ is the carbon emission intensity effect, Ft rep-

resents the emission intensity of various types of energy, that is, the carbon emissions 
of the t-th type of energy consumed per unit.Due to the fixed carbon emissions of the 
t-th type of energy per unit[5],so 𝐹௧଴ = 𝐹௧௞,that is  Δ𝐶ி=0；                            (5) Δ𝐶ெ = ∑ ஼೟ೖି஼೟೚ூ௡൫஼೟ೖ/஼೟೚൯௧ × 𝐼𝑛ሺ𝑀௧௞/𝑀௧௢ሻis the energy structure effect；     (6) 

Δ𝐶் = ∑ ஼೟ೖି஼೟೚ூ௡൫஼೟ೖ/஼೟೚൯௧ × 𝐼𝑛ሺ𝑇௧௞/𝑇௧௢ሻis the energy intensity effect；      (7) 

Δ𝐶ீ = ∑ ஼೟ೖି஼೟೚ூ௡൫஼೟ೖ/஼೟೚൯௧ × 𝐼𝑛ሺ𝐺௞/𝐺௢ሻis the economic scale effect.       (8) 

Substituting formulas (5) (6) (7) and (8) into (2) yields, get 𝑥 = ΔC/C
ΔG/G

=ሺΔCಷାΔCಾାΔC೅ାΔCಸሻ/C
ΔG/G

 = ୼஼ಷ/஼୼ீ/ீ + ୼஼ಾ/஼୼ீ/ீ + ୼஼೅/஼୼ீ/ீ + ୼஼ಸ/஼୼ீ/ீ = 𝑥ி + 𝑥ெ + 𝑥் + 𝑥ீ Among 
them, 𝑥ிis the decoupling elasticity of carbon emission intensity, 𝑥ெis the decoupling 
elasticity of energy structure, 𝑥்is the decoupling elasticity of energy intensity, and 𝑥ீis the decoupling elasticity of economic growth. 

3 Empirical Analysis 

3.1 Data Sources and Processing 

This article selects indicators such as the gross domestic product, total energy consump-
tion, and energy intensity of the construction industry in coastal provinces. The GDP 
data of the construction industry is sourced from CHINA STATISTICAL 
YEARBOOK on CONSTRUCTION while the consumption data of raw coal, coke, 
crude oil, kerosene, diesel, gasoline, fuel oil, natural gas, and electricity are sourced 
from China Energy Statistical Yearbook. 

3.2 Decoupling Analysis of Economic Growth and Carbon Emission in 
Construction Industry 

According to the actual carbon emissions of the construction industry, the consumption 
of raw coal, coke, crude oil, kerosene, diesel, gasoline, fuel oil, natural gas and elec-
tricity (75% of the electricity consumption is derived from raw coal combustion, the 
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rest is wind power, nuclear power, etc.) is converted into standard coal consumption 
and carbon emission coefficient of standard coal is multiplied to obtain carbon emis-
sions[6]. In this paper, the carbon emissions of the construction industry can be ex-
pressed as:𝑇𝐶 = ∑ 𝐸௧ × 𝜂௧௧ × 𝜆 

In the formula, TC represents the total carbon emissions, Et represents the consump-
tion of the t-th energy source, ηt is the reference coefficient for converting the energy 
in t to standard coal[7] (see Table 2), λ is the carbon emission coefficient for standard 
coal.  

Table 2. Conversion coefficient of actual standard coal for each energy source 

energy raw 
coal coke crude oil kero-

sene diesel 

Conversion coeffi-
cient 0.7143 0.9714 1.4286 1.4714 1.4571 

energy Gaso-
line fuel oil natural 

gas 
electric-

ity  
Conversion coeffi-

cient 1.4714 1.4286 1.3300 1.2290  

Note: Unit of conversion coefficient for standard coal, natural gas—tec/104m3、electricity—
tec/104kw.h、Other energy —tec/t 

Table 3. Decoupling Status of Construction Industry in Coastal Provinces from 2005 to 2021 

year          𝜟𝑪/𝑪           𝜟𝑮/𝑮           𝒙              Decoupling state  
2005 0.044 0.171 0.257 Weak decoupling 
2006 0.105 0.167 0.629 Weak decoupling 
2007 0.097 0.178 0.545 Weak decoupling 
2008 -0.076 0.162 -0.470 Strong decoupling 
2009 0.090 0.171 0.529 Weak decoupling 
2010 0.006 0.195 0.502 Weak decoupling 
2011 0.172 0.182 0.482 Expansive coupling 
2012 -0.047 0.145 -0.323 Strong decoupling 
2013 0.055 0.135 0.410 Weak decoupling 
2014 -0.011 0.092 -0.121 Strong decoupling 
2015 -0.003 0.011 -0.263 Strong decoupling 
2016 0.026 0.044 0.601 Weak decoupling 
2017 0.006 0.084 0.070 Weak decoupling 
2018 -0.076 0.084 -0.903 Strong decoupling 
2019 0.018 0.014 1.327 Dilatant negative decoupling 
2020 -0.002 0.058 -0.042 Strong decoupling 
2021 -0.027 0.096 -0.283 Strong decoupling 

According to Table 3 and Figure 1, it can be seen that during the 17 years from 2005 
to 2021, the carbon emissions from the construction industry in coastal provinces of 
China fluctuated greatly, with the lowest growth rate being -0.076 and the highest 
reaching 0.172. In 2011, there was a significant increase, and after 2012, there was a 
W-shaped fluctuation, reaching the lowest value in 2018. Since then, the trend of car-
bon emissions growth has been hovering at a low level. During the same period, the 
overall growth of the total output value of the construction industry was relatively sta-
ble. Except for the low growth rates in 2015 and 2019, it remained at the level of 0.140-
0.190 from 2005 to 2013, and 0.050-0.090 from 2014 to 2021. Moreover, the growth 
rate of the total output value slowed down significantly after 2015. 
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Combining the growth comparison of the two, the economic growth rate of the con-
struction industry is higher than the growth rate of carbon emissions, and both have a 
slowing trend. Therefore, from 2005 to 2007 and from 2009 to 2010, carbon emissions 
in the construction industry were weakly decoupled from economic growth. Although 
carbon emissions increased with economic development, the degree of environmental 
damage was lower than that of economic growth. In 2011, the decoupling state of the 
construction industry showed an expansionary coupling, with carbon emissions com-
parable to the economic growth rate of the construction industry. The decoupling elas-
ticity coefficient gradually decreased between 2012 and 2015, and between 2016 and 
2018, achieving a transition from weak decoupling to strong decoupling. In 2019, car-
bon emissions increased sharply, and the decoupling coefficient reached its highest 
value. Since then, it has been decreasing year by year, and the decoupling trend is ob-
vious.  

 

Fig. 1. Carbon emissions and total output value growth rate of the construction industry in 
coastal provinces from 2005 to 2021, as well as decoupling status 

In order to better illustrate the decoupling status between economic growth and car-
bon emissions in the construction industry of coastal provinces, this article calculates 
the decoupling elasticity coefficient for each province according to formula (2), as 
shown in Table 4. According to the value of the decoupling elasticity coefficient, the 
decoupling status of each province can be determined, as shown in Table 5. 
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Table 4. Annual decoupling elasticity coefficient values in coastal provinces 
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From Tables 4 and 5, it can be seen that there are significant differences in the overall 
decoupling status among coastal provinces, with a significant difference in the average 
decoupling coefficient. This is because the actual situation of economic growth and 
carbon emissions in the construction industry in each province is different. From the 
perspective of the average decoupling elasticity, Liaoning Province has the highest 
value, reaching 3.149. Between 2014 and 2020, there were two expansionary negative 
decoupling and two recessive decoupling, which are closely related to the coal based 
energy structure that Liaoning has formed for a long time and its rapid economic de-
velopment in recent years. Affected by the international financial crisis in 2009, the 
development speed of China's construction industry has slowed down, and some prov-
inces have experienced expansionary coupling. The average decoupling coefficient in 
Jiangsu is the lowest, at -0.389. Except for 2009, which was an expansionary coupling, 
all other years have maintained strong and weak decoupling states. 

Further analysis of the decoupling status of coastal provinces shows that the eco-
nomic growth and carbon emissions of the construction industry in Shanghai, Jiangsu, 
and Zhejiang have been in a decoupling state since 2005, reflecting the significant ef-
fects of low-carbon, energy-saving, and environmental protection measures taken by 
the three provinces in the construction industry. While maintaining sustained and stable 
growth, the carbon emissions of the construction industry have all decreased, in order 
to achieve a win-win goal of economic growth and carbon emissions. The highest de-
coupling elasticity coefficient in Fujian is 7.207, the highest in Guangdong is 2.599, 
and the highest in Guangxi is 2.992. The economic growth of the construction industry 
comes at the cost of sacrificing the environment, and the carbon emissions in the con-
struction industry are relatively serious. Shandong and Hebei have been in a weak de-
coupling state for most years, but show a cyclical change of "weak decoupling expan-
sion coupling weak decoupling". This indicates that the carbon emissions of the con-
struction industry in the three provinces have a sharp increase trend in the short term, 
and the decoupling level still needs to be improved. During the calculation period in 
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Tianjin and Hainan, there were multiple expansionary negative decoupling and expan-
sionary coupling, indicating that both provinces need to further strengthen their carbon 
emission control efforts in the construction industry. 

3.3 Exploration of Factors Affecting Decoupling Elasticity Based on 
LMDI Decomposition Method 

According to equations (3) to (8) , decompose the decoupling elasticity coefficient 𝑥of 
the construction industry in coastal provinces from 2005 to 2021. According to equation 
(5), it can be inferred thatΔCF =0, indicating that energy structure, energy intensity, 
and economic growth are the main factors affecting carbon emissions in the construc-
tion industry[8]. The decoupling elasticity is decomposed into energy structure decou-
pling elasticity 𝑥M, energy intensity decoupling elasticity 𝑥T, and economic growth 
decoupling elasticity 𝑥G using the LMDI decomposition method, as shown in Table 6. 

Table 6. decoupling elasticity indicators of various influencing factors on carbon emissions in 
the construction industry 

Year 

Energy 
structure 

decoupling 
elasticity 𝒙M 

Energy inten-
sity decou-

pling elastic-
ity 𝒙T 

Economic 
growth de-
coupling 

elasticity 𝒙G 

Decoupling 
elasticity co-
efficient 𝒙 

Decoupling 
state 

2005 -0.034 0.184 0.107 0.257 Weak de-
coupling 

2006 -0.027 0.708 -0.052 0.629 Weak de-
coupling 

2007 -0.041 0.843 -0.257 0.545 Weak de-
coupling 

2008 -0.027 -0.100 -0.343 -0.470 Strong de-
coupling 

2009 -0.112 0.274 0.143 0.529 Weak de-
coupling 

2010 0.109 0.278 0.115 0.502 Weak de-
coupling 

2011 0.023 0.584 -0.125 0.482 Expansive 
coupling 

2012 0.105 -0.431 0.231 -0.323 Strong de-
coupling 

2013 0.121 0.491 -0.202 0.41 Weak de-
coupling 

2014 0.059 -0.248 0.068 -0.121 Strong de-
coupling 

2015 0.098 -0.129 -0.232 -0.263 Strong de-
coupling 

2016 0.111 0.306 0.184 0.601 Weak de-
coupling 

2017 -0.095 0.286 -0.121 0.07 Weak de-
coupling 
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2018 0.013 -1.134 0.218 -0.903 Strong de-
coupling 

2019 0.134 0.867 0.326 1.327 
Dilatant 

negative de-
coupling 

2020 0.099 -0.219 0.078 -0.042 Strong de-
coupling 

2021 0.101 -0.321 -0.063 -0.283 Strong de-
coupling 

According to Table 6 and Figure 2, it can be seen that: 
① Energy structure elasticity: Energy structure elasticity has the smallest contribu-

tion to the decoupling elasticity of the construction industry. Due to the fact that the 
construction industry is still dominated by traditional petrochemical fuels, the energy 
structure is relatively stable, with a maximum value of 0.134 and a minimum value of 
-0.112. Except for the negative impact on carbon emissions from 2005 to 2009 and 
2017, it has a positive impact in the rest of the years. Among them, the impact effect 
was significant in 2019, and the contribution rate showed an upward trend. The energy 
structure has a tendency to constrain the economic growth of the construction industry 
and decouple carbon emissions, and further optimization of the energy structure is 
needed. 

② Energy intensity elasticity: The energy intensity elasticity of the construction in-
dustry has always been in a state of drastic fluctuations in carbon emissions, and its 
elasticity is consistent with the trend of decoupling coefficient changes, indicating a 
high degree of correlation between the two. Energy intensity elasticity directly deter-
mines the change of decoupling coefficient. The extensive use of energy in China's 
construction industry has led to low energy efficiency, which directly affects carbon 
emissions. Therefore, the energy intensity effect is the main factor hindering the decou-
pling of economic growth and carbon emissions in coastal provinces. 

③ Economic growth elasticity: Economic growth elasticity has experienced re-
peated small fluctuations. In 2019, there was a maximum turning point in energy inten-
sity decoupling elasticity, energy structure decoupling elasticity, and decoupling coef-
ficient. The main reason is that the country has increased investment in the construction 
field, and the expansion of the construction industry has led to higher carbon emissions. 
However, this situation has improved in 2021. 
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Fig. 2. Trend chart of decoupling elasticity indicators for various influencing factors of carbon 

emissions in the construction industry 

4 Suggestions  

With the rapid development of the construction industry economy in coastal provinces, 
carbon emissions are also showing an increasing trend. From decoupling analysis, it 
can be seen that the economic growth of the construction industry and carbon emissions 
from 2005 to 2021 showed a characteristic of "weak decoupling expansion coupling 
weak decoupling strong decoupling". After 2016, it began to transition from weak de-
coupling to strong decoupling; There are significant regional differences in decoupling 
status, with Jiangsu, Zhejiang, and Shanghai having the best decoupling effect. How-
ever, achieving complete decoupling is still a long way to go. By decomposing decou-
pling elasticity, it is concluded that the energy intensity effect is the main factor inhib-
iting economic growth and carbon emissions decoupling in the construction industry. 
Based on the current situation of decoupling economic growth and carbon emissions in 
the construction industry in coastal provinces, the following suggestions are proposed: 

Optimizing Energy Consumption Structure. The energy structure of the construction 
industry is relatively stable, which has a positive effect on decoupling economic growth 
and carbon emissions. The carbon emission coefficient of coal is higher than that of 
other energy sources[9], so it is necessary to increase the proportion of new energy 
sources such as wind, solar, and natural gas, achieve energy diversification, promote 
low-carbon energy consumption, and improve the current energy structure. At the same 
time, actively introducing CCS storage technology to separate and store carbides from 
the energy utilization process[10]. 

Improve energy efficiency and reduce energy intensity. The ways to improve energy 
efficiency include technological innovation and progress, and investment in energy-
saving and emission reduction technologies should be increased[11]. Promote internal 
industrial upgrading, especially process and technological innovation, to achieve en-
ergy conservation and emission reduction goals. In terms of transportation, efforts 
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should be made to avoid large-scale and long-distance transportation of materials and 
equipment, and to reduce energy consumption and carbon emissions during transporta-
tion. The government should actively implement laws and regulations on energy con-
servation and emission reduction, and improve energy efficiency through legal means. 

Establish a carbon emission trading mechanism for the construction industry. At pre-
sent, carbon emission trading has developed in fields such as electricity, industrial pro-
duction, and natural gas transportation. By building a carbon emission trading platform 
for the construction industry, the goal of building energy conservation and emission 
reduction can be achieved through market mechanisms. On the one hand, building own-
ers can benefit by selling excess carbon emission allowances to the market, enhancing 
their enthusiasm and initiative in energy conservation and emission reduction. On the 
other hand, it is conducive to promoting technological reform in enterprises and reduc-
ing the increase in costs caused by high emissions. 

5 Conclusions 

This article focuses on panel data of the construction industry in 11 coastal provinces 
from 2005 to 2021. Based on the construction of a Tapio based model for decoupling 
the economic growth and carbon emissions of the construction industry, empirical anal-
ysis shows that there is a "weak decoupling expansion coupling weak decoupling strong 
decoupling" characteristic between the economic growth and carbon emissions of the 
construction industry in coastal provinces. Among them, Jiangsu, Shanghai, and 
Zhejiang are in a decoupling state, and low-carbon energy-saving measures have obvi-
ous effects. Liaoning, Fujian, and Guangxi have high decoupling elasticity coefficients, 
and the carbon emissions of the construction industry are severe. The carbon emission 
control efforts of the construction industry in other provinces need to be strengthened. 
Using the LMDI decomposition method to analyze the factors affecting decoupling 
elasticity, it is pointed out that the energy intensity effect is the main factor hindering 
the decoupling of economic growth and carbon emissions in the construction industry. 
It is necessary to improve from three aspects: optimizing energy consumption structure, 
improving energy efficiency, reducing energy intensity, and establishing a carbon emis-
sion trading mechanism in the construction industry to achieve the goal of economic 
growth and low-carbon win-win in the construction industry. 
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