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Supporting Information: Description of the Decoupling 

model  

As in most studies, the Tapio decoupling model is adopted in this study to calculate 

the decoupling index (Tapio,2005; Grand, 2016). The core of the method is the 

calculation of economic output - carbon emission elasticity. It was established by the 

Finnish scholar Tapio (2005). The basic model can be described as: 
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Where, e is elasticity, △C and △GDP are variable quantity of carbon emission 

and GDP respectively. This equation shows the change rate of carbon emission caused 

by 1% increase of GDP. As a matter of fact, it is deducted by the following two elasticity 
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equations:  

Carbon emission elasticity of energy consumption:  
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Energy consumption elasticity of economic growth:  
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In the above two equations, △E is the variable quantity of energy consumption. 

Multiply equation (2) and equation (3), equation (1) could be obtained. So, to measure 

the low carbon condition of economic development, the change rate of carbon emission 

and GDP could be adopted directly for measurement. Generally, when the growth of 

GDP is positive, the smaller the economic growth-carbon emission elasticity coefficient 

e (C, GDP) is, it suggests the economy tends more to low-carbon, that is, the so-called 

economic growth-carbon emission decoupling; otherwise, it is coupling or (re-

coupling).  

According to Bruyn and Opshoor (1997), two types of decoupling in terms of the 

strong and weak decoupling are divided. The former refers to the fact that 

environmental pressure remains unchanged or gradually decreases with economic 

growth, and the latter refers to increasing pressure with slower rate than that of 

economic growth. Similarly, OECD (2002) divides the index into absolute decoupling 

and relative decoupling, which are essentially the same as the division of "strong/weak" 

decoupling. Based on the above researches, the criteria of decoupling in our manuscript 

are shown in Table S1. 

Table S1  Standards for judging the decoupling status 

Decoupling dGDP dC %dC/%dGDP Interpretation 



Status 

Strong >0 <0 <0 
Economic growth is accompanied by a 

reduction in carbon emissions 

Weak >0 >0 0-1 

Economic growth is accompanied by a 

increment in carbon emissions, and the former 

is faster 

 

None  >0 >0 > 1.2 

Economic growth is accompanied by a 

increment in carbon emissions, and the latter 

is faster 

Note: dGDP and dC represent changes in GDP and carbon emissions respectively; %dC/%dGDP represents the 

decoupling index of carbon emissions for economic growth, which is essentially an elastic index, where %dC 

represents the change rate of carbon emissions, and %dGDP represents the change rate of GDP. 

It should be noted that accurate estimation of carbon emission is an important 

factor affecting the accuracy of decoupling. In this study, energy consumption of each 

province is refined into 8 types to improve the accuracy of estimation. The average low 

calorific value of various energy sources and the reference coefficient of standard coal 

are shown in Table 1. The formula of carbon emission estimation is as follows: 
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Where, C is the estimated carbon emission of some provinces, E is the total 

consumption, NCV is the standard coal convert coefficient (i.e., energy convert factor) 

and F is the carbon emission coefficient.  

Table S2  The coefficient of energy conversion of various sources into standard coal 

Energy 
Average lower 

heating value 

Reference coefficient of 

standard coal NCV 

Carbon-emission 

coefficient F 

Raw coal 
20908 KJ（5000 

kcal）/kg 
0.7143 kg standard coal/kg 0.7552 

Coke 
28435 kJ (6800 

kcal) /kg 
0.9714 kg standard coal /kg 0.8547 

Crude oil   
41816 kJ (10000 

kcal) /kg 
1.4286 kg standard coal /kg 0.5854 

Gasoline 
43070 kJ (10300 

kcal) /kg 
1.4714 kg standard coal /kg 0.5913 

Kerosene 
43070 kJ (10300 

kcal) /kg 
1.4714 kg standard coal /kg 0.5737 



Diesel 
42652 kJ (10200 

kcal) /kg 
1.4571 kg standard coal /kg 0.5913 

Fuel oil 
41816 kJ (10000 

kcal) /kg 
1.4286 kg standard coal /kg 0.6176 

Natural gas 
38931 KJ（9310 

kcal）/m3 

13.300 kg standard coal /ten 

thousand m3 
0.4479 

Source: 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC, 2008).  
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