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Abstract: Regional tourism needs to respond positively to the “carbon peak and neutrality” target, and the key and 
most difficult aspect is the prediction of carbon emissions. In this paper, the total carbon emissions of the tourism 
industry in Jiangxi Province from 2000 to 2019 are calculated by using terminal consumption and the tourism de-
velopment coefficient. The factors influencing the carbon emissions of the tourism industry are studied by means of 
logarithmic mean weight Divisia index decomposition (LMDI), and the timing of the tourism industry carbon peak is 
predicted by combining the extensible random environmental impact assessment model (STIRPAT) and scenario 
analysis method. The results show three key aspects of this system. (1) In the historical period, the carbon emis-
sions of the tourism industry in Jiangxi Province increased from 71.365×104 t in 2000 to 2342.456×104 t in 2019, 
with an average annual change rate of 21.09%. The scale of tourism investment was the most important factor af-
fecting the carbon emissions of tourism industry in this period. (2) The main factor that will affect the change of 
tourism carbon emissions in Jiangxi Province in the future is the carbon emission intensity, and its influence coeffi-
cient reaches 0.810. The degrees of influence of tourism income, tourism number and tourism investment follow in 
sequence. (3) The peak time of carbon emissions from tourism in Jiangxi Province varies under different scenarios. 
In the baseline scenario, it is estimated to be around 2035, and the average annual change rate will be –0.88%. In 
the medium- and low-carbon scenarios, the peak carbon emissions will be realized around 2030 and 2025, with the 
average annual change rates being –1.11% and –1.58%, respectively, indicating that the government’s low-carbon 
policy will have an impact on the carbon emission intensity of tourism and promote the tourism industry in Jiangxi 
Province to advance by 5 to 10 years. This study provides a theoretical basis for allowing regional tourism to 
achieve its carbon peak in advance, which supports the prediction of the whole country’s “carbon peak and neu-
trality”, and also provides a measurement basis for the realization of carbon neutralization in tourism. 

Key words: tourism carbon emissions; peak carbon dioxide emissions; multi-scenario prediction; influencing 
factors 

1  Introduction 
Tourism is an industry that provides tourism services to 
tourists through tourism resources and tourism facilities, 
which is also known as the “smokeless industry”. However,  

with the development of modern tourism, the World Tour-
ism Organization (UNWTO) believes that tourism carbon 
emissions account for about 4.9% of the total global carbon 
emissions. By 2035, the annual growth rate of tourism car-
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bon emissions may reach 2.5% (UNWTO, 2009). Carbon 
dioxide emissions are one of the important drivers of the 
greenhouse effect, and the Intergovernmental Panel on Cli-
mate Change (IPCC) predicts that the global temperature 
will rise by 1.4 ℃–5.8 ℃ from 1990 to 2100. In order to 
curb the environmental damage caused by global warming, 
the Kyoto Protocol was formulated and adopted in Decem-
ber 1997. Energy conservation and emission reduction have 
become the consensus goals of most countries in the world. 

On September 22, 2020, Chinese decision makers prom-
ised at the seventy-fifth United Nations General Assembly 
that China would increase its national independent contribu-
tion, strive to achieve the carbon peak by 2030, and strive to 
achieve carbon neutrality by 2060 (Xi, 2020). At present, 
China has become the world’s largest emitter of greenhouse 
gases, with its greenhouse gas emissions accounting for 
about one-quarter of the global total. In view of the present 
environmental situation and the low-carbon goal, the Chi-
nese government once again defined the “carbon peak and 
neutrality” goal in the “14th Five-Year Plan”, and made 
peak carbon dioxide emissions one of the eight major tasks 
of the Chinese government in 2021. Thus, energy conserva-
tion and low-carbon environmental protection have become 
the top priority in the transformation and development of 
the whole industry in China in the future. Therefore, the 
greenhouse effect generated by tourism will inevitably at-
tract people’s attention. Green development has become an 
important concept and effective way for achieving the sus-
tainable development of tourism (Tang et al., 2017a). In 
2008, Chinese government documents first proposed “ener-
gy conservation and emission reduction in tourism” (Wu 
and Yue, 2013). Chinese scholarly research on carbon emis-
sions in tourism is still in the exploratory stage. At the same 
time, scholars in China and abroad mainly study the carbon 
emissions of tourism from the following three aspects. The 
first is the calculation of tourism carbon emissions from 
different scales, including the national (Becken and Patter-
son, 2006; Meng et al., 2017) provincial (Tao, 2015; Su, 
2019), city (Liu et al., 2011; Sun et al., 2015; Wu and Tian, 
2016; Tang and Ge, 2018) and other regional scales, based 
on tourism carbon emissions or the tourism carbon footprint 
(Cadarso et al., 2016; Lenzen et al., 2018; Hafeez et al., 
2019) and carried out through detailed calculations. The 
second is the spatial and temporal distribution and charac-
teristics of tourism carbon emissions, including those of 
different time periods (Zeng et al., 2021) and different re-
gional spaces (Li and Lv, 2021; Han et al., 2021; Yao et al., 
2021), in order to explore the spatial and temporal hetero-
geneity of tourism carbon emissions (Huang et al., 2021; 
Shao and Wang, 2020; Zhang et al., 2021), which has grad-
ually become an emerging trend in the study of tourism 
carbon emissions. Third, many scholars have studied the fac-

tors influencing the carbon emissions from tourism from the 
perspectives of economic development (Sherafatian-Jahromi 
et al., 2017; Balsalobre-Lorente et al., 2020; Isaeva et al., 
2021), social policy (Feng et al., 2019; Yıldırım et al., 2021), 
ecological efficiency (Hong et al., 2021; Pata and Bal-
salobre-Lorente, 2021), energy efficiency (Wang et al., 2016; 
Tang et al., 2018), physical fluids (Liu and Yue, 2021), life 
cycle (Tang et al., 2017b), and others. The research methods 
include the Kaya equation (Ma et al., 2019), LMDI method 
(Weng et al., 2021), STIRPAT model (Tang and Li, 2019), 
GMM dynamic regression model (Wang et al., 2019a), and 
Environmental Kuznets Curve (EKC) (Balsalobre-Lorente 
et al., 2021; Nosheen et al., 2021). These studies have 
greatly enriched the research system of tourism carbon 
emissions. 

The coverage rate of forest in Jiangxi Province is 63.1%, 
ranking second in China, and the ecological background of 
its social and economic development is green. At the same 
time, Jiangxi Province has seven national global tourism 
demonstration zones in China, and its tourism development 
has both ecological and global characteristics. Therefore, 
many scholars have carried out profound research on the 
carbon emissions of tourism in Jiangxi Province. Among 
them, Wang et al. (2011) established two models of the 
tourism carbon footprint to measure the total amount of the 
tourism carbon footprint and the proportion of carbon emis-
sions in the six major tourism sectors in Jiangxi Province, 
and found that the carbon emission coefficient and energy 
intensity coefficient are the key factors affecting the overall 
change in the tourism carbon footprint. Jiao et al. (2012) 
introduced the concept of geographical space to explore the 
spatial distribution characteristics of carbon emissions in the 
tourism industry in Jiangxi. The spatial distribution charac-
teristics are believed to be basically consistent with the dis-
tribution characteristics of tourism resources. Poyang Lake 
Ecological Economic Zone is the largest and fastest growing 
area of carbon emissions.  

In summary, scholars have carried out abundant research 
on tourism carbon emissions from different perspectives and 
using different methods, which provides a foundation for 
further research on tourism carbon emissions. Against the 
background of the current “Carbon Peak and Neutrality” 
goal, Tang and other scholars have tried to predict the car-
bon emissions and carbon peak of tourism at the national 
level (Tang et al., 2021). However, the current academic 
research on the dynamic changes of carbon emissions and 
the carbon peak time of tourism under different scenarios at 
the regional level is relatively lacking. Therefore, this paper 
adopts a quantitative research method to estimate the carbon 
emissions of the tourism industry in Jiangxi Province from 
2000 to 2019 by using the stripping coefficient method. On 
this basis, the LMDI decomposition method is used to ex-
plore the relevant factors affecting the carbon emissions of 
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the tourism industry. With the help of the STIRPAT model 
and scenario prediction method, the future carbon emissions 
of the tourism industry are estimated. Policy recommenda-
tions are then put forward to guide the tourism industry in 
Jiangxi Province in achieving low-carbon development. 
These recommendations provide a theoretical basis for the 
regional assessment of the time at which the tourism indus-
try will achieve its carbon peak, for formulating corre-
sponding green development plans, and for allowing the 
national tourism industry to achieve the “Carbon Peak and 
Neutrality” goal as soon as possible. 

2  Regional survey 
Jiangxi Province is located on the south bank of the middle 
and lower reaches of the Yangtze River, with various topog-
raphies and four distinct seasons. Jiangxi is a major ecolog-
ical province, and one of China’s first provinces included in 
the construction of ecological civilization demonstration 
zone. In 2020, the ecological environment index (EI) of 
Jiangxi Province was rated as excellent, ranking fourth in 
China. There are five national practical innovation bases of 
“lucid waters and lush mountains are invaluable assets”, 
ranking second in China. There are 16 “National Ecological 
Civilization Construction Demonstration” cities and coun-
ties, and Jiangxi achieves full coverage of national forest 
cities and national garden cities. Jiangxi Province is also a 
leading province in tourism. There are tourism resources of 
high quality and quantity, including Lushan Mountain, 
Jinggangshan Mountain, Jingdezhen Ancient Official Kiln, 
Tengwang Pavilion, Poyang Lake and Wuyuan Village, as 
well as other rich and unique landscape and cultural tourism 
attractions. In 2019, the tourist arrivals in Jiangxi Province 
numbered about 793 million, and the tourism income 
reached 965.638 billion yuan. Tourism has gradually be-
come the leading industry of the tertiary industry, and the 
proportion of tourism income in the output value of the ter-
tiary industry reached 82.11%. Therefore, realizing the 
“carbon peak and neutrality” goal of tourism in Jiangxi 
Province is of great significance for its socio-economic de-
velopment, and also has guiding significance for the devel-
opment of low-carbon tourism in other regions. 

3  Research data and methods 
3.1  Data sources 

The basic data in this paper mainly includes energy con-
sumption data and economic development data. On the 
premise of fully considering the availability of data, the 
basic data of energy consumption came from the China En-
ergy Statistics Yearbooks from 2001 to 2020. According to 
the IPCC energy classification and Chinese statistical cali-
ber, the energy terminal consumption of raw coal, briquette, 
coke, crude oil and other energy was selected for the statis-
tics. Social and economic data, such as total tourism income, 
number of tourists, GDP of the tertiary industry and invest-

ment in fixed assets of the tertiary industry, were derived 
from the 2001–2020 Jiangxi Statistical Yearbook and statis-
tical bulletins of each year. 

3.2  Research methods 

3.2.1  Calculation of tourism carbon emissions 
At present, China’s tourism energy consumption has not yet 
achieved independent statistics, so in order to measure tour-
ism carbon emissions, a certain amount of tourism energy 
consumption must be obtained, and it needs to be stripped 
from the existing energy statistics. Therefore, this paper 
uses the tourism development coefficient to extract the tour-
ism energy consumption from the energy terminal con-
sumption of the tertiary industry. The tourism energy con-
sumption is calculated using formula (1). 

     j jE S R=    (1) 

where Ej represents the j-type energy consumption of the 
tourism industry; Sj represents the terminal consumption of 
the j-type energy in the transportation, warehousing and 
postal industries, as well as the wholesale, retail, accommo-
dation and catering industries; and R represents the tourism 
development coefficient of each region. Based on relevant 
research, it is determined by the proportion of total tourism 
income in the GDP of the tertiary industry (Huang et al., 
2019), and the consumption Ej of j-type energy in tourism is 
separated from the terminal consumption Sj of j-type energy 
in the tertiary industry by this method. j represents the en-
ergy type. 

On the basis of the tourism energy consumption, the 
tourism carbon emissions are then calculated as: 

 
  

1

n

j j
j

C E f k
=

=∑     (2) 

where C represents tourism carbon emissions; jf represents 

the standard coal conversion coefficient of type j energy 

(Huang et al., 2019); k represents the CO2 emissions per 
unit of standard coal, according to the existing research re-
sults, set k =2.45; and n  represents the type of energy 
consumption. 
3.2.2  LMDI method 
This paper uses the logarithmic mean weight Divisia index 
decomposition (LMDI) to decompose the factors influenc-
ing tourism carbon emissions. The traditional Kaya equation 
is not comprehensive enough for the decomposition of car-
bon emissions. Therefore, combined with the research of 
domestic and foreign scholars, the main factors influencing 
tourism carbon emissions are considered to include carbon 
emission intensity, energy intensity, energy consumption, 
investment efficiency and investment scale. Jiangxi Prov-
ince is currently in the stage of the rapid development of 
global tourism, and the development of tourism has a pro-
found impact on the regional social economy. Therefore, 
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this paper selects tourism income and tourism number as 
two important indicators to measure the development of 
tourism in Jiangxi Province, and reflects the close relation-
ship between the two. The total energy consumption of 
tourism is selected to reflect the technical level and con-
sumption structure of the energy application of tourism in 
Jiangxi Province; and the scale of investment is selected as a 
driving indicator of tourism development in Jiangxi Prov-
ince. The specific selection factors and extended expression 
are: 

 

C G E BC D
G E B D

α β γ ε ω= × × × × = × × × ×       (3) 

where C  is the total carbon emissions of tourism in Jiang-
xi Province; E  is the total energy consumption of tourism; 
G  is tourism economic benefit, namely tourism income; B 
is tourist benefit, that is, the number of tourists; let Dω = , 
where D is the scale of tourism investment, that is, the 
amount of tourism investment in fixed assets (as there is no 
direct tourism investment statistics, so it needs to be divest-
ed to the amount of investment in fixed assets in the tertiary 
industry as the base, using the specific divestiture method 
with reference to the tourism energy consumption stripping 

method); let
C
G

α = be the carbon emission intensity of tour-

ism, that is, the carbon emission released by each unit of 

tourism income; let G
E

β =  be the tourism energy intensity, 

namely the tourism income obtained by consuming one ton 

of standard coal energy; let E
B

γ =  be tourism energy con-

sumption, that is, the energy consumption per tourist during 

tourism activities; and let B
D

ε =  be the tourism invest-

ment efficiency, that is, the tourist arrivals per unit of in-
vestment that can be absorbed. 

Assuming that 0C  and  Ct represent the carbon emis-
sions of tourism in the base year and the t year, respectively, 
according to the additive form in the LMDI decomposition 
method, the carbon emissions C∆  of the T  period rela-
tive to the current tourism industry is decomposed into: 

  C C C C C Cα β γ ε ω∆ = ∆ + ∆ + ∆ + ∆ + ∆        (4) 

where Cα∆ , Cβ∆ , Cγ∆ , Cε∆ , and Cω∆ denote the 
effects of tourism carbon emission intensity, tourism energy 
intensity, tourism energy consumption, tourism investment 
efficiency and tourism investment scale on tourism carbon 
emission, respectively. The decomposition results are: 

 
0

0
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∆ = × −
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0

0
0  (ln ln )

ln ln

t
t

t
C CC
C Cω ω ω−

∆ = × −
−

       (9) 

3.2.3  STIRPAT model 
The expandable random environmental impact assessment 
model (STIRPAT) is proposed on the basis of the IPAT 
model, which is mainly used to explore the influences of 
independent variables on environmental pressure. The ex-
pression is as follows: 
 b c dI aP A T e=  (10) 

Taking the logarithms on both sides of the equation: 
 ln ln ln ln ln lnI a b P c A d T e= + + + +  (11) 
where I is the total carbon emission of tourism, P is the 
number of tourists, A  is the tourism income, T is the car-
bon emission intensity, a  is a constant term, and e  is a 
random error term. The coefficients b , c  and d  repre-
sent the degrees of influence of each factor on the emission, 
respectively; e  is a random error term. 

Based on the following LMDI factor decomposition re-
sults, the investment scale will have a significant impact on 
the carbon emissions of Jiangxi tourism. Therefore, in order 
to fully predict the future changes in carbon emissions of 
Jiangxi tourism, the investment scale is introduced into the 
STIRPAT model, and the expanded STIRPAT model is: 
 ln ln ln ln d ln ln lnI a b P c A T h F e= + + + + +  (12) 
where F  is the amount of tourism investment; b , c , d , 
h  are exponential coefficients; and e  is a random error 
term. 

Due to the multicollinearity problem between the various 
elements, in order to avoid its impact on the calculation re-
sults, this paper uses the ridge regression method to fit the 
tourism carbon emissions and the influencing factors. Based 
on the above extended STIRPAT model, namely formula 
(12), taking ln I  as the dependent variable and ln P , 
ln A , lnT , ln F  as independent variables, the ridge re-
gression analysis was carried out. The results are shown in 
Table 1. From the fitting results, when k =0.01, the regres-
sion coefficient of each influencing factor tends to be stable, 
R2 is 0.997, and the overall fitting degree of the surface 
model is good. Thus, the ridge regression equation is: 
ln 2.437 0.371ln 0.466ln 0.810ln 0.147lnI P A T F= + + + +  
  (13) 

Based on the results of ridge regression analysis, the fu-
ture carbon emissions of tourism in Jiangxi Province can be 
predicted. The basic formula is: 
 2.437 0.371ln 0.466ln 0.810ln 0.147lne P A T FI + + + +=  (14) 

 In order to test the accuracy of this formula, the histor-
ical period data of the respective variables are introduced  
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Table 1  Ridge regression fitting results. 

Variable Coefficient Standard error Normal coefficient t statistic P 

constant 2.437 0.165 0.000 14.793 < 0.01 

ln P  0.371 0.037 0.415 10.059 < 0.01 

ln A  0.466 0.033 0.636 14.183 < 0.01 

lnT  0.810 0.079 0.330 10.213 < 0.01 

ln F  0.147 0.032 0.240 4.634 < 0.01 

 
into formula (14), and the model estimates the carbon emis-
sions results. Compared with the actual measurement results 
in the following sections, the absolute value of the average 
error rate was found to be 4.40%, so the calculated values 
were basically consistent with the measured values, indicating 
that the prediction model has certain empirical significance. 
3.2.4  Scenario analysis 
Scenario analysis, also known as the prospective description 
method, is a method for predicting the possible situations or 
consequences of the predicted objects under the premise that 
a certain phenomenon or trend will continue into the future. 
Based on the above prediction model, this paper uses the 
scenario analysis method to select three scenarios, the 
benchmark scenario, medium scenario and low carbon sce-
nario, and takes 2019 as the base year for predicting the 
carbon emissions of tourism in Jiangxi Province in the fu-
ture. The predictive values of each variable are set accord-
ing to relevant literature, policy planning and the general 
law of social and economic development, and refer to his-
torical change rates to ensure that the data set conforms to 
the actual economic and social development of Jiangxi 
Province. The specific variables for different scenarios are 
set as follows. 

1. Baseline scenario 
(1) Scenario description: Maintain the existing so-

cio-economic growth model with the “14th Five-Year plan” 
as the key guidance for future development, and promote 
the carbon emission scenarios resulting from tourism de-
velopment in accordance with the current green develop-
ment policies and measures. 

(2) Change rate setting. Setting the change rate of tourist 
numbers refers to Zhou’s (2018) prediction of China’s pop-
ulation, and it is believed that after the opening up of the 
two-child policy, the peak population will be reached in 
2033, and then the population will remain stable. Population 
is the basis of regional development. As the population 
reaches its peak, the number of tourists will decrease. 
Therefore, the rate of change in the tourist numbers will be 
set with reference to the population change rate, specifically: 
4.00%①from 2020 to 2025; 0.18% from 2026 to 2033; and 

–0.04% from 2034 to 2100. 
Setting the rate of change of tourism income. The change 

rate is set to 3.70%②from 2020 to 2025. As the gross nation-
al product has been showing a growing trend, the per capita 
GDP will increase continuously. However, due to the gen-
eral regularity of economic development, the GDP growth 
rate will decrease with the expansion of economic volume, 
so the per capita tourism consumption will increase contin-
uously, but the growth rate will decrease. Therefore, the per 
capita tourism consumption is set to 4.60%③from 2026 to 
2030; 4.00% from 2031 to 2040; 3.50% from 2041 to 2050; 
3.00% from 2051 to 2060; 2.50% from 2061 to 2070; 2.00% 
from 2071 to 2080; 1.50% from 2081 to 2090; and 1.00% 
from 2091 to 2100. Total tourism revenue is the number of 
tourists in a given year multiplied by the per capita tourism 
consumption in that year. 

Setting the investment change rate. China’s economic 
development presents the characteristics of “new normal”, 
and “adjusting structure and stabilizing growth” is the goal 
of China’s economic development. In order to achieve this 
goal, it will be necessary for the government to implement a 
normalized and active fiscal policy. According to the princi-
ple of regenerative economics, investment always domi-
nates consumption, only investment-led consumption can 
lead to sustainable consumption, and only investment-led 
consumption can optimize economic structure and achieve 
sustainable economic growth and development. Therefore, 
as the population reaches its peak, the industrial structure is 
gradually optimized, and the infrastructure construction of 
the tourism industry tends to be saturated. The investment 
will still show high growth, but it will gradually slow down, 
so the rate of change in investment is set as: 8.00%④from 
2020 to 2025; 7.00% from 2026 to 2030; 6.00% from 2031 
to 2035; 5.00% from 2036 to 2040; 4.00% from 2041 to 
2045; 3.00% from 2046 to 2050; 2.00% from 2051 to 2055; 
1.00% from 2056 to 2060; and 0.50% from 2061 to 2100. 

Setting the tourism carbon emission intensity. To promote 
the green development of the tourism economy with realis-
tic energy saving and emission reduction intensity, and the 

                         

① Jiangxi’s “14th Five-Year Plan” for Cultural and Tourism Development. 
② Jiangxi’s “14th Five-Year Plan” for Cultural and Tourism Development. 
③ Average change rate of per capita tourism consumption in Jiangxi Province from 2000 to 2019. 
④ The “14th Five-Year Plan” for National Economic and Social Development of Jiangxi and the Outline of Long-term Goals for 2035. 
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change rate of the carbon emission intensity is set as 
–3.16%. 

2. Medium scenario 
(1) Scenario description. On the basis of the benchmark 

scenario, green low-carbon technology research and devel-
opment are encouraged and the practical results are applied 
to tourism-related industries to comprehensively promote 
the low-carbonization of tourism travel, tourism products 
and tourism services. Tourism-related industries actively 
participate in the alternative use of clean energy, vigorously 
promote the substitution of natural gas and electricity for 
fossil fuels, actively improve the clean and efficient utiliza-
tion efficiency of coal, cooperate in reducing the utilization 
rate of bulk coal, adhere to the tourism energy strategy of 
energy conservation and emission reduction, and reasonably 
guide the demand for tourism energy. 

(2) Change rate setting. The number of tourists, tourism 
income and industrial investment are set according to the 
general law of social development, with reference to several 
documents: “the Opinions of the CPC Central Committee 
and the State Council on Completely, Accurately and Com-
prehensively Implementing the New Development Concept 
and Doing a Good Job of Carbon Neutralization in peak 
carbon dioxide emissions”, “the Guiding Opinions of the 
State Council on Accelerating the Establishment and Perfec-
tion of Green and Low Carbon Circular Development Eco-
nomic System”, “the White Paper on China’s Policies and 
Actions to Address Climate Change”, “the peak carbon di-
oxide emissions Action Plan before 2030”, and “the 
Measures on Accelerating the Establishment and Perfection 
of Green and Low Carbon Circular Development Economic 
System issued by Jiangxi People’s Government”. “Jiangxi’s 
14th Five-Year Plan” for Consumption Upgrading and De-
velopment, etc. According to the medium scenario descrip-
tion, the green development of tourism economy is promot-
ed with medium energy saving and emission reduction in-
tensity, and the change rate of the carbon emission intensity 
is set as –3.50%. 

3. Low-carbon scenario 
(1) Scenario description. On the basis of the medium 

scenario, it is necessary to further improve energy conserva-
tion and emission reduction, implement more stringent 
low-carbon development policies, refine carbon emission 
intensity control indicators in different categories, strength-
en the control of energy consumption in tourism through 
legislation, limit the use of fossil energy, strengthen the use 
of clean energy, strictly implement energy conservation as-
sessment and review, and strengthen energy conservation 
monitoring. To build a low-carbon tourism industry system, 
it is necessary to increase the carbon sink of the tourism 
ecosystem, realize the “food, shelter, travel, shopping and 
entertainment” under the low-carbon mode, advocate a new 
way of tourism for the whole society’s environmental pro-
tection, and tourists need to uphold the values of the green 

low-carbon and consumption concept, and actively carry 
forward the new social trend of low-carbon. 

(2) Change rate setting. The number of tourists, tourism 
income and industrial investment are set according to the 
general law of social development. According to the low 
carbon scenario, the green development of the tourism 
economy is promoted by high energy conservation and 
emission reduction intensity, and the change rate of the car-
bon emission intensity is –4.00%. 

4  Results and analysis 
4.1  Evolution of tourism carbon emissions in the 

past 20 years 

4.1.1  Characteristics of the tourism carbon emissions 
evolution 

Based on the data of energy consumption and total tourism 
income in Jiangxi Province from 2000 to 2019, the terminal 
energy consumption and total carbon emissions of tourism 
in Jiangxi Province were calculated according to formulas 
(1) and (2). According to the calculation results, in addition 
to a decline in 2004, tourism carbon emissions in Jiangxi 
Province in 2000–2019 showed overall growth, from 
71.365×104 t in 2000 to 2342.456×104 t in 2019, with an 
average annual change rate of 21.09%. 

According to the changes in the calculated growth rate 
(Fig. 1), the interannual change of tourism carbon emissions 
in Jiangxi Province can be divided into three stages. The 
first stage is a period of sharp decline (2000–2004). At the 
beginning of this stage, the growth rate of tourism carbon 
emissions decreased slightly, but then the growth rate de-
creased significantly. By 2003, the growth rate decreased by 
21.14 %. One possible reason is that a major public health 
event (SARS) affected the tourism industry due to the prob-
lem of epidemic prevention. In 2004, the tourism carbon 
emissions showed negative growth, and the total tourism 
carbon emissions decreased. One possible reason is that the 
state implemented macro-control of energy, and the energy 
consumption of the transportation industry decreased sharp-
ly, thus affecting the tourism industry. The second stage is  

 

 
 

Fig. 1  Rate of change in the carbon emissions in Jiangxi 
tourism from 2000 to 2019 

 

Downloaded From: https://complete.bioone.org/journals/Journal-of-Resources-and-Ecology on 22 May 2025
Terms of Use: https://complete.bioone.org/terms-of-use



WANG Liguo, et al.: Multi-scenario Evolution of Tourism Carbon Emissions in Jiangxi Province under the “Carbon Peak and Neutrality” Target  271 

 
the period of fluctuating growth (2005–2013). At this stage, 
the growth rate of tourism carbon emissions fluctuated sig-
nificantly, and the growth rate in 2007 was 2.98%. One pos-
sible reason is that the country began to implement energy 
conservation and emission reduction policies in that year. 
The growth rate in 2013 was 41.98%, possibly due to the 
implementation of the Tourism Law of the People’s Repub-
lic of China, the enlargement of the tourism market and the 
increase of tourism consumption. The third stage is a stable 
growth period (2014–2019). The growth rate of tourism 
carbon emissions was relatively stable in this stage. The 
growth rate of tourism carbon emissions in 2014–2017 was 
higher than the average annual growth rate, but there was a 
slight decline. 
4.1.2  Decomposition of the factors influencing tourism 

carbon emissions 
Through the LMDI model, the factors influencing the tour-
ism carbon emissions in Jiangxi Province are decomposed 
into tourism carbon emission intensity, tourism energy in-
tensity, tourism energy consumption, tourism investment 
efficiency and tourism investment scale. Based on the cal-
culation results of the model, the trend chart of the contribu-
tion rates of each factor to the tourism carbon emissions was 
drawn (Fig. 2) to explore the influences of the different fac-
tors on the change in the tourism carbon emissions in Jiangxi 

Province. 
Based on the calculation results, the absolute value of the 

contribution rate of tourism energy intensity to tourism car-
bon emissions in Jiangxi Province in 2004 and 2007 was the 
largest. In addition, the absolute value of the contribution 
rate of tourism investment scale to the carbon emission of 
tourism industry in Jiangxi Province in other years is the 
maximum among the decomposition factors in those years. 
Therefore, it is generally believed that the scale of tourism 
investment is the main factor affecting the carbon emissions 
of tourism in Jiangxi Province in this period. 

4.2  The evolution of carbon emissions of the tourism 
industry in the future under the “carbon peak 
and neutrality” goal 

According to the above scenario variables, we used the pre-
diction model to obtain the prediction results of carbon 
emissions of tourism in Jiangxi Province in the future (Fig. 3). 
In the benchmark scenario, the intensities of energy conser-
vation and emission reduction are not intervened under the 
existing social and economic growth mode. The prediction 
results show that the peak time of tourism carbon in this 
scenario is about 2035, and the corresponding peak carbon 
emission is about 2481.487×104 t, with an annual change 
rate of –0.88%. 

 

 
 

Fig. 2  Trend of changes in the contribution rates of various factors to tourism carbon emissions  
 

Clearly, if the government does not constrain the carbon 
intensity of tourism, tourism carbon emissions in Jiangxi 
will peak later than those in the country overall, which may 
delay the country’s overall carbon peak time. 

In the medium scenario, the social economy will develop 
with medium energy saving and emission reduction intensity, 
and the tourism industry will assume more environmental 
protection functions. The prediction results show that the 
peak time of tourism carbon in this scenario is about 2030, 
and the corresponding carbon emission peak is 
2385.737×104 t, with an average annual change rate of 
–1.11%. Therefore, if the government restricts the carbon 
emission intensity of the tourism industry, the carbon emis-
sion of the Jiangxi Province tourism industry will reach its 

peak at a predetermined time under the condition of the 
green development of tourism industry. 

In the low-carbon scenario, the social economy will de-
velop with high energy saving and emission reduction in-
tensity, and tourism development will be restricted by strict 
low-carbon policies. The forecasted results show that the 
peak carbon dioxide emissions time of tourism in this sce-
nario is around 2025, and the corresponding peak carbon 
emission is 2285.325×104 t, with an average annual change 
rate of –1.58%. Therefore, if the government implements 
restrictive policies on the carbon emission intensity of tour-
ism, energy conservation and emission reduction will be-
come one of the key tasks of tourism development, and the 
carbon emission of tourism in Jiangxi will reach its peak  
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Fig. 3  Forecast of tourism carbon emissions in Jiangxi under the three scenarios (2021–2100) 
 
before the scheduled time. 

In summary, government intervention will have an im-
portant impact on the tourism industry in Jiangxi Province 
with regard to its achievement of the carbon peak. Only 
under the premise of a low carbon policy implemented by 
the government, can the tourism industry in Jiangxi achieve 
green development and achieve its carbon peak before 2030. 

5  Discussion and conclusions 
5.1  Discussion 

Based on historical data, this paper establishes the STIRPAT 
model and finds that carbon emission intensity is the key 
factor affecting the carbon emission of tourism in Jiangxi 
Province, which is consistent with our previous research 
results (Wang et al, 2011). This finding reveals that the 
change of carbon emission intensity will be the key factor 
affecting whether the tourism in Jiangxi can achieve the 
goal of reaching its carbon peak as soon as possible in the 
future. At the same time, there are numerous studies on the 
carbon emissions of tourism in academic circles, but the 
studies on the carbon peaks of industries under multiple 
scenarios mainly involve the construction (Xu et al., 2021), 
transportation (Wang et al., 2019b) and other industries. 
There are few studies on the carbon peak of tourism, and 
they are only national-level studies (Tang et al., 2021). 
Compared with other industries, our research indicated that 
the carbon peak would be reached earlier, and earlier than 
the national tourism industry. One possible reason is that 
tourism is a tertiary industry, while construction is a sec-
ondary industry, and transportation is one of the industries 
with large emissions in the tertiary industry. Jiangxi Prov-
ince is the leading demonstration area of ecological civiliza-
tion in China. The forest coverage rate ranks second in the 
country, and the ecological environmental foundation is 
very excellent. In 2018, Jiangxi Province completed the 
delineation of the ecological protection red line. The area of 
the ecological protection zone is 46876 km2, accounting for 
28.06% of the province’s land area, which lays a solid 

foundation for the realization of the “carbon peak and neu-
trality” goal of tourism in Jiangxi Province. In addition, 
unlike previous studies, this paper introduces the influenc-
ing factor of tourism investment to explore the impact of 
tourism investment on carbon emissions in historical peri-
ods, and in Jiangxi in the future, which enhances the scien-
tific validity of the prediction results. This study provides a 
theoretical basis for helping the region to achieve the carbon 
peak of tourism in advance, and also provides an economet-
ric basis for realizing the carbon neutralization of tourism. 

5.2  Conclusions and suggestions 

In this paper, the carbon emissions of the tourism industry in 
Jiangxi Province from 2000 to 2019 are calculated. At the 
same time, the LMDI decomposition method and Kaya 
equation are used to explore the factors influencing tourism 
carbon emissions. Based on the STIRPAT model, the peaks 
of tourism carbon emissions in Jiangxi under different sce-
narios are predicted and analyzed. Different regions have 
different low-carbon development policies and green re-
source endowments. The national “carbon peak and neutral-
ity” research needs to fully consider these levels. This paper 
provides an empirical case with regional characteristics for 
the carbon emissions and carbon peaks of the national tour-
ism industry, as well as the theoretical research methods of 
regional tourism carbon emissions and carbon peaks, which 
enriches the research system of the national tourism carbon 
peaks. The main conclusions are three-fold. 

(1) The carbon emission of the Jiangxi tourism industry 
has increased rapidly in the past 20 years. The total amount 
increased from 71.365×104 t in 2000 to 2342.456×104 t in 
2019, with an average annual change rate of 21.09%. The 
growth rate showed a sharp decline from 2000 to 2004, and 
an upward trend from 2005 to 2019. 

(2) Under the carbon constraint policy, the peak of tour-
ism carbon dioxide emissions in Jiangxi Province can be 
sped up by 5–10 years. In the baseline scenario, the carbon 
dioxide emission of tourism in Jiangxi Province is expected 
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to achieve a peak around 2035, with an average annual 
change rate of –0.88%. Under the medium- and low-carbon 
scenarios, the peak carbon dioxide emissions can be 
achieved around 2030 and 2025, with average annual 
change rates of –1.11% and –1.58%, respectively. These 
findings indicate that under the intervention of the govern-
ment, through the restriction of carbon emission intensity 
with relevant low-carbon policies, the tourism carbon emis-
sion in Jiangxi will achieve the peak carbon dioxide emis-
sions target as soon as possible, providing a good founda-
tion for its tourism carbon neutrality. 

(3) In different periods, the factors affecting tourism car-
bon emissions are different. In the past 20 years, the scale of 
tourism investment has been the main factor influencing 
tourism carbon emissions in Jiangxi Province. The most 
critical factor affecting the change in the tourism potential 
carbon emissions in Jiangxi Province is the intensity of car-
bon emissions, with an impact coefficient of 0.810, followed 
by tourism income, tourism number and tourism investment. 
This information provides ideas for the future management 
of tourism carbon emissions and related policies in Jiangxi 
Province. 

Therefore, in order to ensure that the tourism industry in 
Jiangxi Province can achieve the “carbon peak and neutral-
ity” goal as soon as possible, the government should 
strengthen policy guidance, formulate feasible carbon emis-
sion intensity constraint indicators, reasonably limit the use 
of non-low-carbon energy in tourism, and implement energy 
conservation supervision and law enforcement on the basis 
of fully considering the actual development needs of tour-
ism. At the same time, we should expand investments in 
energy-saving and emission reduction facilities in tourism 
destinations, guide the entry of private capital, encourage 
tourism enterprises to increase their use of clean energy, and 
increase the amount of subsidies for low-carbon energy use 
in tourism. In addition, we should increase investments in 
major projects for ecological protection and the restoration 
of natural landscape tourism destinations, comprehensively 
carry out integrated protection and restoration of mountains, 
rivers, forests, fields, lakes and grass, and increase the car-
bon sink increment of tourism ecosystems. 

Despite the improved methods, there are still some defi-
ciencies in this study. Due to limitations in data availability, 
more research can be conducted on predicting the carbon 
peak times at the city and county levels, as well as the sce-
nic sites. In addition, future studies are expected to further 
explore the factors influencing tourism carbon emissions, to 
more accurately assess the time when tourism reaches its 
carbon peak, and to promote the achievement of tourism 
“carbon peak and neutrality” goals.  
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“双碳”目标下江西省旅游业碳排放多情景演变研究 
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1. 江西农业大学国土资源与环境学院, 南昌 330045； 

2. 江西省鄱阳湖流域农业资源与生态重点实验室, 南昌 330045； 

3. 江西农业大学乡村旅游发展研究中心, 南昌 330045； 

4. 南昌市乡村旅游发展研究中心, 南昌 330045 

摘  要：“双碳”目标下区域旅游业需要积极响应，其重点和难点是碳排放的预测。本文运用终端消费并结合旅游发展系数测

算了江西省 2000 至 2019 年旅游业碳排放总量，借助对数平均权重 Divisia 指数分解法 (LMDI) 对旅游业碳排放的影响因素进行

研究，并结合可拓展的随机性的环境影响评估模型 (STIRPAT) 和情景分析法，对旅游业碳达峰时间进行预测。结果表明：（1）

2000‒2019 年间，江西旅游业碳排放量从 2000 年的 71.365×104吨增长到 2019 年的 2342.456×104吨，年均变化率为 21.09%，旅

游投资规模是该时期旅游业碳排放最主要的影响因素。（2）未来影响江西旅游业碳排放变化的主要影响因素是碳排放强度，其影

响系数达到 0.810，旅游收入、旅游人数和旅游业投资额的影响程度依次减弱。（3）不同情景下江西旅游业碳排放的达峰时间不

同，基准情景下预计在 2035 年左右，年均变化率为–0.88%，在中等和低碳情景下分别在 2030 年和 2025 年左右实现碳达峰，年

均变化率分别为–1.11%和–1.58%，表明政府低碳政策对旅游业碳排放强度将产生影响，并促进江西旅游行业提前 5 到 10 年实现

碳达峰目标，这为政府出台旅游低碳管理政策和措施提供依据。本研究可为区域旅游业提前实现碳达峰提供理论依据，并为全国

旅游业“双碳”的预测研究提供支撑，也为其旅游业碳中和的实现提供了计量基础。 
 

关键词：旅游碳排放；碳达峰；多情景预测；影响因素 
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