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Abstract: Tourism can cause serious environmental pollution due to high consumption levels. With the develop-
ment of tourism in Mount Wutai, the environmental pressure has been increasing. This study explored the influ-
ences of tourist arrivals in Mount Wutai, ticket revenue from domestic tourists in Mount Wutai, national passenger
turnover, energy intensity, GDP per capita in Wutai County and GDP per capita in China on the tourism ecological
footprint in Mount Wutai from 2005 to 2019. The extended STIRPAT (Stochastic Impacts by Regression on Popula-
tion, Affluence and Technology) model was constructed by using principal component regression. The results were
as follows: (1) The tourism ecological footprint in Mount Wutai increased during the study period, from 27798.07
gha in 2005 to 67467.36 gha in 2019. (2) From 2005 to 2019, tourist arrivals in Mount Wutai, ticket revenue from
domestic tourists in Mount Wutai, national passenger turnover, GDP per capita in Wutai County and GDP per capita
in China grew, while energy intensity declined. (3) The extended STIRPAT model showed that the elasticity coeffi-
cients of tourist arrivals in Mount Wutai, ticket revenue from domestic tourists in Mount Wutai and national pas-
senger turnover were 0.086%, 0.075% and 0.164%, respectively, which indicated that the tourism ecological foot-
print in Mount Wutai would increase by 0.086%, 0.075% and 0.164%, respectively, when those parameters in-
creased by 1%; the elasticity coefficients of GDP per capita in Wutai County and GDP per capita in China increased
at an escalating pace, but the environmental Kuznets curve did not exist, indicating that economic growth did not
alleviate the environmental pressure during the study period; the elasticity coefficient of energy intensity was
—0.108%, which indicated that the tourism ecological footprint would decrease by 0.108% when energy intensity
increased by 1%. Therefore, the implementation of effective policies and technological innovation would signifi-
cantly reduce the tourism ecological footprint in Mount Wutai.

Key words: STIRPAT; tourism ecological footprint; principal component regression; drivers

1 Introduction

Humans are modifying the global environment on an un-
precedented scale. However, the ways in which anthropo-
genic drivers impact environment are not fully understood
due to a paucity of powerful analytic tools (York et al.,
2003). This limitation impedes the adoption of reasonable
measures to lessen the human impact on the environment.
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To deal with this dilemma, the STIRPAT (Stochastic Im-
pacts by Regression on Population, Affluence and Technol-
ogy) model has been developed to mathematically delineate
the driving forces and their environmental impacts. Dietz
and Rosa (1994) discussed the beneficial features and limi-
tations of the widely known IPAT model, and reformulated
it in a stochastic form in order to more effectively analyze
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how population, affluence and technology drive environ-
mental impacts. Rosa and Dietz (1998) named this stochas-
tic reformulation STIRPAT and emphasized its merits. York
et al. (2003) improved the STIRPAT model by expounding
ecological elasticity, which refers to the sensitivity of the
environmental impact to the drivers, and offered users a
powerful tool for interpreting and comparing the effects of
different drivers more precisely. In more and more studies,
the STIRPAT model is being extended to capture more driv-
ers of environmental impacts. Environmental impacts have
been measured by ecological footprint and CO, emissions in
many studies. Dietz et al. (2007) analyzed the effects on the
ecological footprint of total population, population compo-
sition, GDP per capita, economic structure, education, life
expectancy and land area per capita in 20 countries and
emphasized the importance of increasing resource use effi-
ciency. Solarin et al. (2021) found that foreign direct in-
vestment and trade increased the ecological footprint in the
long run while economic growth reduced it in Nigeria, and
recommended that powerful policy directions should regu-
late environmental deterioration. Usman and Hammar (2021)
proposed that cleaner innovation, financial funds and de-
mographic policies could mitigate the ecological footprint in
the Asia Pacific Economic Cooperation countries.

In China, the STIRPAT model is widely recognized as an
effective tool for analyzing the drivers of environmental
impacts. For example, Zhang et al. (2012) applied the
STIRPAT model to explore the influences of different driv-
ers on carbon emissions from energy consumption in Anhui
Province. Xiao et al. (2012) and Li et al. (2021) respectively
studied the critical driving factors of the ecological foot-
prints in Jiangsu Province and Shandong Province using the
STIRPAT model. Zhang (2021) analyzed the influences of
various factors on the carbon footprint of Xi’an and con-
structed a model to predict its future variations with the
STIRPAT model. Cao and Fan (2022) used the STIRPAT
model to study carbon emissions from the marine fisheries
in 11 provinces of China. At the general debate of the 75th
Session of the United Nations General Assembly in 2020,
President Xi Jinping proclaimed that China would make
efforts to peak CO, emissions before 2030 and accomplish
carbon neutrality before 2060. Peak carbon emission and
carbon neutrality have also been discussed recently by many
researchers. For example, Yu (2022) suggested that Wuhan
City should optimize the industry composition, adjust the
structure of energy consumption, enhance the efficiency of
energy use and reduce energy intensity to achieve its goals
of peak carbon emission and carbon neutrality. Zhao et al.
(2022) concluded that Zhejiang Province would achieve the
goal of carbon peaking by 2030, and population, energy
structure and real GDP per capita were the main factors af-
fecting carbon emission reduction. Zhang and Du (2022)
used the STIRPAT model to explore effective measures for
reducing carbon emissions under the goal of “double car-

bon” in the Beijing-Tianjin-Hebei region. Gao et al. (2022)
predicted whether the eastern margin ecotone of the Qing-
hai-Tibet Plateau would achieve the goal of “double carbon”
under different scenarios with the help of the STIRPAT
model.

The tourism sector is a global economic sector that pro-
duces pollution emissions, and consequently it negatively
impacts the environment (Dogru et al., 2019). In this study,
we deeply analyzed what drove the tourism environmental
impacts expressed by tourism ecological footprint (TEF) in
Mount Wutai. First, we conceived the extended STIRPAT
model by the drivers of affluence, technology, population,
ticket revenue and passenger turnover. Second, principal
component regression was introduced to calculate the coef-
ficients of the extended STIRPAT model. Third, we ex-
plained the elasticity coefficients of the drivers. Finally, we
proposed several suggestions for reducing the TEF in Mount
Wautai. This study provides a good example of the applica-
tion of the STIRPAT model in tourism, and aims to give
good recommendations to the policymakers responsible for
sustainable tourism development.

2 Study area

Mount Wutai (38°50'11"-39°08"22"N, 113°24'51"-113°44'
21"E) is located in Xinzhou City, Shanxi Province, China
(Fig. 1) (Luo, 2021). It is one of the national 5A-class scenic
spots in China, and is also famous around the world as a
Buddhist holy place. It was listed as a world cultural herit-
age site in 2009. It has characteristics of the mountain land-
scape as well as the religious and architectural culture. It is
home to ancient temples, and the stone carvings, murals,
sculptures and calligraphy there are of great artistic value.
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Fig. 1 The geographic location of Mount Wutai

3 Methods
3.1 Models

The extended STIRPAT model was used to track the drivers
of the environmental impacts accurately and effectively. The
environmental impacts of tourism were measured by TEF.
Population was represented by tourist arrivals in Mount
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Wutai (N). Affluence was represented by GDP per capita in
Watai County (GDP,) and GDP per capita in China (GDP,)
in order to explore the influences of both the local and na-
tional economic levels. According to the environmental
Kuznets curve (EKC), in the process of industrialization,
environmental pollution presents an upward trend with the
increase in per capita GDP at the early stage, but after the
per capita GDP exceeds a certain threshold, environmental
pollution shows a downward trend year by year, so overall it
resembles an inverted U curve. Quadratic terms of GDP,,
and GDP. were introduced to the model to comprehensively
examine whether the EKC appeared during the study period.
Ticket revenue from domestic tourists in Mount Wutai (R)
was included to test whether local tourism income affected
the TEF. Technology was expressed by energy intensity,
which referred to energy consumption per 10000 yuan GDP
in China (7). National passenger turnover (P7T) was added to
test how national transportation development affected the
TEF. Formula (1) was developed to determine how the TEF
was impacted by each of these drivers.

TEF = ayx N x GDP, x GDP x(GDP2 )
(1
(GDP(:2 )0‘5 xT% x R x PT™ x &

where TEF is the tourism ecological footprint in Mount
Wautai, N is the tourist arrivals in Mount Wutai, GDP,, is the
GDP per capita in Wutai County, GDP, is the GDP per cap-
ita in China, 7 is energy intensity, R is ticket revenue from
domestic tourists in Mount Wutai, P7 is national passenger

turnover, og, @, *", ag are parameters, and ¢ is a residual
term.

In order to facilitate the calculation, the values of all var-
iables were converted to their natural logarithms. Thus,
formula (1) was modified to formula (2).

InTEF = Inoy + oyInN + o, InGDP,, + a3 InGDP, +
a,InGDP? + asInGDP? + o4 InT + a;InR +  (2)
ogInPT +Ing

The elasticity coefficients of GDP,, and GDP, were re-

spectively calculated by formulas (3) and (4).
EC, =a,+2a,InGDP, 3)
EC, =a3+2a5InGDP, @

where EC,, and EC, in formulas (3) and (4) are respectively
the elasticity coefficients of GDP,, and GDP...

3.2 Data

The TEF in Mount Wutai involves comprehensive con-
sumption from food, accommodation, transportation, travel,
shopping and entertainment. The calculation methods were
described in detail by Luo (2021). Tourist arrivals and ticket
revenue from domestic tourists in Mount Wutai were pro-
vided by the Wutai Mountain Scenic Area Management
Committee. GDP per capita in China, energy intensity and

national passenger turnover data were from the 2022 China
Statistical Yearbook. Data for GDP per capita in Wutai County
were from the 2006-2020 Shanxi Statistical Yearbook.

3.3 Statistical analysis

SPSS 20.0 was employed to conduct the data analysis.
Spearman correlation analysis was used to determine
whether the drivers were correlated with the TEF in Mount
Wautai. KMO and Bartlett’s test were employed to determine
whether the variables were suitable for principal component
analysis. Principal component regression was conducted by
combining principal component analysis and regression
analysis in order to estimate the extended STIRPAT model.

4 Results
4.1 Correlation analysis

The Spearman correlation analysis results (Table 1) showed
that the TEF in Mount Wutai was positively correlated with
the GDP per capita in China, the GDP per capita in Wutai
County, ticket revenue from domestic tourists in Mount
Wautai, national passenger turnover and tourist arrivals (P <
0.01). There was a significant negative correlation between
the TEF in Mount Wutai and energy intensity (P <0.01).

Table 1 The results of Spearman’s correlation analysis for
the TEF and its drivers
Drivers of TEF R N GDP. T PT GDP,,
Correlation ) ¢>5+ 914" (875" —0.875 0.814™ 0875
coefficients
P <0.01 <0.01 <001 <0.01 <001 <o0.01
N 15 15 15 15 15 15

Note: ** represents a significant correlation at the 0.01 level.

4.2 TEF and its drivers

The TEF in Mount Wutai increased slowly from 27798.07
gha in 2005 to 29800.60 gha in 2014, and then it rose
sharply after 2014 and grew to 67467.36 gha in 2019 (Fig. 2a)
(Luo, 2021). Both the per capita GDP in Wutai County and
the per capita GDP in China steadily grew from 2005 to
2019 (Fig. 2b, 2¢). The per capita GDP in Wutai County was
2848 yuan in 2005 and 18966 yuan in 2019, while the per
capita GDP in China was 14368 yuan in 2005 and 70078
yuan in 2019. The dynamic variations of tourist arrivals
and ticket revenue were similar to the variations in the
TEF (Fig. 2d, 2e). Tourist arrivals were 953600 persons in
2005, 1214131 persons in 2014 and 3186922 persons in
2019. The ticket revenue from domestic tourists in Mount
Wutai was 80.32 million yuan in 2005, and it increased to
148.01 million yuan in 2014 and then to 410 million yuan in
2019. The national passenger turnover increased from
1746.67 billion person-km in 2005 to 3338.31 billion per-
son-km in 2012, but then it decreased to 2757.17 billion
person-km in 2013, and finally rose sharply to 3534.92 billion
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Fig. 2 Dynamic changes in the tourism ecological footprint and its drivers in Mount Wutai

person-km in 2019 (Fig. 2f). However, energy intensity
showed a continuous downward trend from 2005 to 2019,
declining from 1.40 tce (tons of standard coal equivalent)
per 10000 yuan in 2005 to 0.55 tce per 10000 yuan in 2019
(Fig. 2g).

4.3 Principal component regression

The values of InGDP,, InGDP,?, InN, InT, InR, InGDP.,
InGDP,? and InPT were input into SPSS 20.0 to carry out
the factor analysis. The results of KMO and Bartlett’s test
were presented in Table 2. The KMO value of 0.744 indi-
cated that the variables had a relatively high degree of in-
formation overlap and were suitable for principal compo-
nent analysis. The results of the Bartlett’s test showed that
the variables were correlated significantly (P < 0.05) and
suitable for principal component analysis.

Table 2 KMO and Bartlett’s test

The results of principal component analysis showed that
the initial eigenvalue of the first principal component was
7.481 and its cumulative contribution rate reached 93.511%.
The initial eigenvalues of the other principal components
were less than 1. Therefore, extracting the first principal
component fully met the requirements of the principal
component analysis (Table 3). In the first principal compo-
nent, the load values of InGDP,, InGDP,?, InN, In7, InR,
InGDP.,, lnGDPC2 and InPT were respectively 0.986, 0.986,
0.867,—-0.981, 0.965, 0.994, 0.994 and 0.956 (Table 4).

Table 3 Total variance explained

Extraction sum of

Initial eigenvalue squared loadings

Method Statistic Value
KMO test Ka‘f)"'frsz’rlggﬁ; g;léie‘ill‘gecaysure 0.744
Approx. Chi-Square 414.069
Bartlett’s test of sphericity df 28
P <0.05

Component Percentage Cumulative Percentage Cumulative
Total  of variance contribution Total of variance contribution
(%) rate (%) (%) rate (%)
1 7.481 93.511 93.511  7.481  93.511 93.511
2 0.364 4.546 98.057
3 0.105 1.313 99.371
4 0.029 0.359 99.729
5 0.020 0.245 99.974
6 0.002 0.026 100.000
7 0.000 0.000 100.000
8 0.000 0.000 100.000

Note: The extraction method was principal component analysis.
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Table 4 Component matrix

Table 5 Elasticity coefficients of GDP,, and GDP.

Variable Component 1 Year  Elasticity coefficient of GDP,, Elasticity coefficient of GDP,
InGDP,, 0.986 2005 0.537 0.782
InGDP,? 0.986 2006 0.544 0.794
InN 0.867 2007 0.568 0.809
InT —0.981 2008 0.579 0.821
InR 0.965 2009 0.585 0.827
InGDP. 0.994 2010 0.599 0.839
InGDP/? 0.994 2011 0.613 0.851
InPT 0.956 2012 0.619 0.858
Note: The extraction method was principal component analysis, and one 2013 0.626 0.864
component was extracted. 2014 0.628 0.870
Th lati hip bet th cial t 2015 0.630 0.875
relationsnt n rincipa mponen X-

e relationship between the principal compone 62 o 0.633 0.880
tracted and the standardized values of InGDP,,, InGDP,;, 2017 0.64 0.888
InN, In7, InR, InGDP,, InGDP,? and InPT was expressed by ’ ’

2018 0.648 0.895
formula (5).
2019 0.651 0.900

7 =0.360X, +0.360.X, +0.317.X; —0.359X,, +
0.353X5 +0.363.X, +0.363.X, +0.350.X,

where Z denotes the principal component extracted; and X,
through Xg are the standardized values of InGDP,,, lnGDsz,
InN, InT, InR, InGDP,, lnGDPC2 and InPT, respectively.

The significant linear regression relationship between the
standardized value of InTEF and the extracted principal
component was described by formula (6) (R*= 0.703, P
<0.001).

)

Y =0307xZ (6)
where Y denotes the standardized value of InTEF, and Z is
the extracted principal component.

By means of formula (7), the extended STIRPAT model
was expressed by formula (8).

x'=(x-x)/s (7)
where x' is the standardized value, x is the original value,
X is the mean, and s is the standard deviation.

InTEF = 0.060lnGDP, +0.030InGDP? +0.086InN —
0.108InT +0.075InR +0.074InGDP, + (8)

0.037InGDP? +0.164InPT +4.122

4.4 Elasticity coefficients

The elasticity coefficients of NV, R and PT were respectively
0.086, 0.075 and 0.164, which indicated that the TEF in
Mount Wutai would increase by 0.086%, 0.075% and
0.164%, respectively, when those parameters increased by
1.00%. The elasticity coefficients of GDP,,, GDP,, GDPW2
and GDPC2 were respectively 0.060, 0.074, 0.030 and 0.037.
Therefore, the EKC did not exist and the local or national
economic levels did not alleviate the TEF during the study
period. The elasticity coefficients of GDP,, and GDP, were
not constant, and they increased with GDP,, and GDP.
(Table 5). The elasticity coefficient of 7 was —0.108, which
indicated that the 7EF in Mount Wutai would decrease by
0.108% when T increased by 1.00%.

5 Discussion
5.1 The impact of affluence on TEF

Many studies have confirmed the existence of the EKC
(Katircioglu, 2014; Zaman et al., 2016). However, Xiao et al.
(2012) calculated the elastic coefficients by taking the first
partial derivative and did not detect the EKC between af-
fluence and the ecological footprint in Jiangsu Province,
China. Yu et al. (2017) reported that the Kuznets Curve did
not appear between per capita GDP and the ecological foot-
print in Nanning City, China. York et al. (2003) found the
elasticity coefficient of affluence increased with GDP per
capita by using the extended STIRPAT model to analyze the
energy footprint. Similarly, this study showed the EKC did
not appear and affluence did not decrease the TEF in Mount
Watai from 2005 to 2019. The effective elastic coefficients
in the extended STIRPAT model could reveal the relative
importance of the drivers. The elasticity coefficient of GDP
per capita in China was greater than that in Wutai County,
indicating that the national economic development had a
more significant impact than local economic development
on the environmental pollution from tourism in Mount Wu-
tai. The reason might be that most tourists visiting Mount
Wautai came from different regions of the country, so the
national economic development could more strongly boost
the tourism in Mount Wutai.

5.2 The impact of population on TEF

Tourist arrivals require transportation, hotels, shops, restau-
rants and other tourist facilities, which contributes to envi-
ronmental degradation (Ozturk et al., 2016; Adedoyin and
Bekun, 2020). Solarin (2014) and Shakouri et al. (2017)
found tourism arrivals enhanced CO, emissions. Based on
the STIRPAT model, Wang and Liao (2019) showed that
greater numbers of tourist arrivals were associated with
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more transportation carbon emissions. In this study, tourist
arrivals drove environmental deterioration in Mount Wu-
tai. More tourists consumed more resources. In addition, the
tourists were mainly concentrated in the central area of
Mount Wutai where most of the temples are located. There-
fore, the growing number of tourists increased the environ-
mental pressure especially in this area. In order to protect
the environment, it is necessary to strictly implement the
requirements of “limiting amount, reservation and peak
shifting” and to optimize the spatial distribution of tourists
in Mount Wutai by relying on information technologies such
as big data, the Internet of Things (IoT), Sth-generation mo-
bile communication technology (5QG), artificial intelligence
(AI) and cloud computing.

5.3 The impact of technology on TEF

Tourism has been a strategic pillar industry of China’s
economy. Travel has become a demand for people's aspira-
tion for a better life in a moderately prosperous society, and
an impetus for the optimization of economic structure. To
realize the national aims of peak carbon emission and car-
bon neutrality, the Chinese government will continue to
vigorously promote robust policies which save energy, pro-
tect the environment and encourage green, low-carbon and
circular development. These policies undoubtedly depend
on technical innovation. Technological innovation as well as
environmental policies can reduce anthropogenic pollution
(Alvarez-Herranz et al., 2017). Based on the extended
STIRPAT model, it is reasonable to expect that friendly
technology would effectively alleviate the adverse environ-
mental consequences of tourism in Mount Wutai in the fu-
ture (Paramati et al., 2017).

5.4 The impact of passenger turnover on TEF

Transportation is an indispensable ingredient of tourism, but
it involves the use of different kinds of energy which further
contributes to environment pollution. The contribution of
the transportation ecological footprint to TEF ranged from
62.40% to 74.24% in Mount Wutai during the period of
2005-2019 (Luo, 2021). In this study, the largest elasticity
coefficient in the extended STIRPAT model was for passen-
ger turnover, which indicated that national passenger turno-
ver was the most important driver of the TEF in Mount Wu-
tai. Obviously, the rapid development of the transportation
industry brought more environmental pollution even though
it facilitated travel. Energy efficiency promotion and re-
newable energy usage in vehicles reduce pollution levels
(Usman and Hammar, 2021). Therefore, increasing energy
efficiency and the utilization of renewable energy in trans-
portation would lead to the reduction of the TEF in Mount
Wautai.

5.5 The impact of ticket revenue on TEF

The tourism industry in Mount Wutai boomed and ticket

revenue from domestic tourists rose sharply from 2005 to
2019. However, the impact of ticket revenue was not large
enough to keep tourism environmental pollution from get-
ting worse. This finding was contrary to the results of some
other studies. For example, Naradda et al. (2017) demon-
strated that tourism receipts reduced CO, emissions in Sri
Lanka; and Lee and Brahmasrene (2013) showed that tour-
ism receipts reduced CO, emissions in the European Union
countries. The policy implication is to allocate more funds
to support infrastructure construction and advanced tech-
nology applications (Kogak and Ulucak, 2019), thereby
promoting the environmental quality of Mount Wutai.

6 Conclusions

Based on statistical data and field survey data over the pe-
riod 2005-2019, this study successfully established the ex-
tended STIRPAT model and used it to reveal how the TEF
was statistically impacted by population, affluence, tourism
income, technology, and national transportation develop-
ment in Mount Wutai, China. The following conclusions
were drawn from this analysis. Firstly, based on the elastic-
ity coefficients from the extended STIRPAT model, 1% in-
creases in tourist arrivals, ticket revenue and national pas-
senger turnover would raise the TEF by 0.086%, 0.075%
and 0.164% respectively. Secondly, a 1.00% increase in
energy intensity would lead to reducing the TEF by 0.108%.
Thirdly, the elasticity coefficients of the GDP per capita in
China, the GDP per capita in Wutai County and their quad-
ratic terms were positive. Therefore, the EKC did not appear,
and both local and national economic growth increased
pressure on environment in Mount Wutai rather than reduc-
ing it over the study period. In order to relieve the environ-
mental pressure from tourism in Mount Wutai, three sugges-
tions are given. Firstly, tourist arrivals should be limited
strictly and the structure of the tourist distribution should be
optimized rationally. Secondly, more funds should be in-
vested in promoting environment quality. Thirdly, techno-
logical innovation should be advocated and implemented in
tourism development.
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JET STIRPAT %GB ES 115 Uik iz /4 A5 02 B gl -1~
B!, REM?, Ak’ g’

L PriE2EBE A &R, ILPEPTIH 034000

2. WA WK HEX AN G AT, IPEHTIH 034000
3. WA WG REX SO 5= 45, ILPEHTH 034000
4. BEARSFFINL R EN H TR Be, B8 ARFT 830002

W OE: B LEERES, RIRFEPE, MELS LRFLRBLRE, IRENHFGE M, AR B E£KT 2005-2019
FRELELWHERESE. R LVEABETTEZMN. YERERAEZ., RZRE. LE6EAY GDP Ao B ALY GDP * & & Lkt
A SRFEHNFom. KA LRSS EAMET IR STIRPAT ( Stochastic Impacts by Regression on Population, Affluence and Technol-
ogy) HA, #REU: (1) A& lkFAE ST ZIE KA, 2005 F4 27798.07 gha, F| 2019 FN3E £ 67467.36 gha. (2)
AENWHEEAE. A LVEAABEITZRAN. TEREASEE. 26 .UAY GDP. TEAY GDP ¥ ZIEKALH, mitR%
M ZI TS, (3) 7 Re) STIRPAT R A EE LWHEEEFE. A6 LVENHLITEZMAF T BREAEETRLEZKS
A A 0.086%. 0.075%A= 0.164%, HLEACAIEEIm 1%, £ & LRFEZRITEHFE I 0.086%. 0.075%F= 0.164%; H&EAY
GDP A= F E|A¥) GDP 4938 2 40 2 LA, AN RIEZERGELA BN, HALFERNRELHRBIARLE S,
BETR SR B IME R AN -0.108%, HAACENE M 1%, A E LRHAES TN 0.108%. Fb, FEHA BB EH RIS D
EEARE & LAk A A R,

XH81A): STIRPAT; #RiHEAXET; TMm4oE)a; RHEF
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