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Abstract. The existing studies pay more attention to the impact of public transport
and other public service facilities on urban air pollution and tourism, but less on
the negative effect of air pollution caused by carbon emissions of business fixed
investment on inbound tourism. This article attempts to make a supplementary
analysis about the above point through examining the correlation between air
pollution associate with business fixed investment and the size of inbound tourism
based on panel data of three megacities (Beijing, Guangzhou and Chongging) in
China over the period from 2015 to 2019. The findings of this paper show that the
effects of air pollution linked with carbon emissions from business fixed
investment on the number of inbound tourists (NIT) is a negative correlation,
while the influence of GDP per capita and tourism revenue on NIT reveal a
positive relationship by applying fixed effects model for benchmark regression and
the system-GMM estimator for robustness check. Moreover, the negative influence
of PM 10 on sample cities is more than PM2.5. Some different results of core
variables between benchmark and sub-sample regressions don’t imply the above
conclusion to be substantively changed because of different distribution and
concentration of nominal inbound tourists in specific sample megacities. In order
to fundamentally improve air quality and to stimulate the development of inbound
tourism, the suggestion of this study is to promote new business fixed investment
with clean energy of renewable and low carbon.
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1. Introduction

In current global transition period in which pursues sustainable development, it has
become a global agenda for countries to stimulate low-carbon economic growth and
eco-tourism through promoting clean energy. Finnish government, for example, is
developing new technologies and smart practices through offering diverse subsidies,
incentives and distributing biogas and electric fuels for businesses and citizens, so that
push forward disusing fossil fuels. Denmark generated half of its electricity from solar
and wind power in 2019 and is trying to realize 100 % renewable energy in the future
[1]. Sweden is promoting the target of zero emissions of greenhouse gases by 2045 by
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introducing a climate policy framework as per the climate goals with a set of orderly
and stable emission reduction actions [2]. Chinese government announced to reduce
60%-65% of carbon intensity by 2030 and to drive carbon emission to zero by 2060 [3].
The aims of decreasing carbon emission of different countries are engendering a
profound influence on the model of economic growth and the development of tourism.

Megacities are the centers of enhancing business fixed investment for economic
growth and expanding inbound tourism development in China. On the one hand, the
improvement of tourism infrastructure and service facilities need to rely on business
fixed investment. On the other hand, air pollution linked with high emissions by way of
investment on fixed asset leads to a negative impact on the size of inbound tourism.
How to lower air pollution to enlarge inbound tourism and to keep sustainable
economic growth would be the focus of research.

This article examined the correlation between the size of inbound tourists and air
pollution associated with carbon emission from business fixed investment based on the
empirical analysis of Chinese megacities, Beijing, Guangzhou and Chonggqing. The
purpose is to suggest that one of fundamental ways to cut down air pollution and to
expand the size of inbound tourist must proceed from promoting technological
innovation of new energy and new infrastructure investment.

The possible contribution of this study is to introduce investment on fixed asset
linked with carbon emissions into the research that focuses on improving air pollution
and promoting inbound tourism development. The existing studies pay more attention
to the impact of public transport and other public service facilities on urban air
pollution, but less on the negative effect of air pollution caused by carbon emissions of
business fixed investment on inbound tourism. This paper attempts to make a
supplementary analysis.

2. Literature review

As the inbound tourism centers, megacities have been widely studied about their
functions of providing services for tourists, environment condition of developing
tourism, and the influence of air quality on tourists.

Some scholars stress the functions and contribution of urban tourism. Wan et al. [4]
point out that tourist megacities have comprehensive functions to improve capacities of
tourism infrastructure, services, destination management and ecological environment
condition through policy coordination on the one hand, and to provide multifunction
services in tourist destinations, culture entertainment, restaurants, public facilities for
tourists on the other [5-6]. The boom of urban tourism has also made contribution to
increase employment, consumption and local economic growth [7]. Others describe a
whole picture about the elements affecting urban tourism, in which include rank and
abundance in tourism resources, service facilities for tourists, tourism infrastructure,
the quality of tourist products and information about tourism destination influenced on
tourist’s decisions or choices [5].

Most of all, studies have paid common attention to the significance of
environmental and air state that may influence on tourist choice and urban tourism
development [5,8-9]. Since the development of tourism heavily depends on
high-quality ecological environment and natural resources [10], air quality has been
one of the important indicators to measure whether a city reaches the standard of
international tourism city [11]. Moreover, arguments discuss different types caused
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environmental pressure in tourist cities. Tourist traffic, for example, with increasing
travel of tourists from one city to other, has led to high exhaust emissions and
environmental problems via energy consumption of public transportation [12-15]. In
particular, the main categories of air pollution, including dusts (PM2.5 and PM10),
tropospheric ozone, sulfur oxides (SO) and nitrogen oxides, which definitely impact on
urban tourism, are described in academic circles [16-18]. The monthly average
concentrations of SO,, PM2.5 and PM10 have a more significant negative externality
on the scale of inbound tourism in megacities than in non-central cities [19]. Moreover,
the concern of potential overseas tourists about air quality and haze goes beyond the
attraction of core attractions, such as history, culture and nature, and becomes the main
factors hindering their intention to come over to China [20]. The risk perception of
tourists, that is, fear and anxiety about the potential risks of a tourist destination, would
drive them to give up visiting a certain place [21]. Saenz concludes that the increase
and decrease of tourists' daily stock is an important indicator to evaluate the level of air
pollution in urban [22].

In terms of sources of air pollution, literatures have studied the impact of public
transportation on inbound tourism, but a few have analyzed the influence of business
fixed investment on tourism. One more important function of Chinese megacities is to
promote inbound tourism and economic growth by increasing investment on fixed
assets. In other words, the issue of air pollution in megacities mirrors a common
situation of relying on fossil fuels for business fixed investment heavily at the present
stage for stimulating both economic growth and inbound tourism in China [23]. A
number of empirical analysis indicate that the aggravation of air pollution is associated
with increasing investment on fixed assets (IFA), power consumption and vehicle
exhaust emission due to industrialization and urbanization of scale expansion in China
[24-26]. Particularly, among six kinds of greenhouse gases in industrial carbon
emissions, there are five of which are related to PM2.5 [27].

Hence, the impact from both air pollution and business fixed investment with
carbon emission on the size of inbound tourists would be taken into account in this
study.

3. Methods
3.1. Data and Variables

3.1.1 Data Sources

This paper uses a sample consisting of a panel data with 180 observations in three
major tourist cities, Beijing, Guangzhou and Chongqing, in China over the period from
2015 to 2019 on monthly based. The data of the numbers of inbound tourist (NIT) are
obtained from the published official database of bureaus of culture, radio, television
and tourism in Beijing, Guangzhou and Chonggqing separately. We collected the air
monthly data of urban in which include the air pollution of particulate matter (PM2.5),
inhalable particulate matter (PM10) and sulfur dioxide (SD) in the sample cities
according to the published data from environmental monitoring of China. The data of
GDP per capita (AGDP), investment on fixed assets (IFA), tourism revenue (TR) and
consumer price index (CPI) are gotten from bureaus of statistics of these cities, and
foreign exchange rate between RMB and US dollar (FER) from state administration of
foreign exchange of China. We used STATA15 program for the empirical analysis.
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3.1.2 Variables

Dependent Variable: The Number of Inbound Tourists (NIT). We take the number of
inbound tourists as the dependent variable because it is a widely accepted indicator to
explain the scale of inbound tourism [28] and the extent of sustainable development of
tourism in international tourist cities [29].

Independent variable: total air pollution (TAP). It includes particulate matter
2.5(PM2.5), inhalable particulate matter 10 (PM10) and sulfur dioxide (SD). Air
pollution is recognized as the main downturn cause of inbound tourism in China [30].
The monthly data of air pollution from 2015 to 2019 are selected as the core
explanatory variables for the sample cities.

Control variables: GDP per capita (AGDP), investment on fixed assets (IFA),
tourism revenue (TR), consumer price index (CPI) and foreign exchange rate (FER).
We introduce a number of control variables that are known by both Chinese and foreign
literature for influencing on tourism development and the number of inbound tourists in
megacities. For instance, GDP per capita is used as a characterization index of
economic development level, which is obtained by GDP dividing by resident
population of sample megacities. In addition, investment on fixed assets (IFA) is an
important control variable. Because there are four major industrial sectors, that is,
energy, industry, transportation and real estate sectors, account for 81% of total carbon
emission in China [31], three of which (except energy) have been heavily invested in
megacities by business fixed investment in infrastructure and real estate which
extensively use diesel vehicles with serious exhaust emissions. Thus, investment on
fixed assets should be one of key sources linked with carbon emission and directly
affects on air quality in the above cities. As tourism is recognized as a momentous
source of income for megacities [5] and assesses the operation efficiency of tourism
sector, this research takes tourism revenue as the proxy variable of tourism resource
endowment [28] and the total number of star hotels [32]. The possible effects of foreign
exchange rate between US dollar and RMB and CPI on spending of inbound tourists
are considered as well.

In order to eliminate heteroscedasticity, those variables are measured by the natural
logarithm. Table 1 provides the definition of variables.

Table 2 indicates the descriptive statistics for main variables. The average TAP in
the sample is 4.785 with a standard deviation of 0. 35. The value gap between the
maximum (5.799) and the minimum (3.931) is not wind. It implies that the air quality
has not been significantly improved. Meanwhile, two of key air pollution sources,
PM10 and PM2.5, have the mean value of 4.195 and 3.763 with the standard deviation
0f 0.34 and 0.41, respectively.

4. Model, Results and Robustness Test
4.1. Model
This study employs the following equation to test the correlation between NIT and

TAP after controlling the five factors that may affect NIT in given cities by applying
the fixed effects (FE) regression model.
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The characteristic of the fixed effect model is reflected by adding n-1 dummy variables
into the linear regression model, so that each section has a constant term. The changes
of panel data are associated with individuals rather than with time in the regression of
fixed effect [33]. Furthermore, this model just compares the selected groups of
variables, and the conclusion is only applicable for the specific categories of each
independent variable to be considered in the study [34]. This research aims to assess
the influence of air pollution on the size of inbound tourism, and the different
component of inbound tourists between real tourists 2and nominal travellers and their
distribution in the sample megacities are not the random samples. Therefore, we use the
fixed effect model of urban panel data for sample self-selection and empirical analysis.

Table 1. Definition of variables.

Variables Definitions

Dependent variables .

The numbers of inbound tourist (NI7) Logarithm of the numbers of inbound tourist in
three major tourist cities in China

Independent variables

Total air pollution (Z4P) Logarithm of total air pollution including
PM2.5, PM10 and Sulfur dioxide of the sample
cities

Particulate matter 2.5(PM2.5) Logarithm of particulate matter 2.5 of the

) sample cities )
Inhalable particulate matter 10(PMI0) Logarithm of inhalable particulate matter 10 of
the sample cities

Sulfur dioxide (5D) Logarithm of sulfur dioxide of the sample
cities

Control variables

GDP per capita (AGDP) Logarithm of gross domestic product per capita

Tourism revenue (7R) Logarithm of tourism revenue referring to the

income sum _of tourists' consumption in
different tourist areas obtained by tourism
sector

Investment on fixed assets (/F4) Lo%arithm of investment on fixed assets
including investment on infrastructure, real estate
sector and renovation

Consumer price index (CPI) Logarithm of CPI on the basis of the last year's
index

Foreign exchange rate (FER) Logarithm of foreign exchange rate between
RMB and US dollar

Table 2. Descriptive statistics of main variables.

Variable Mean Std. Dev. Minimum Maximum
La(NIT)(ten thousand people) 3713 0. 531 1.964 4.657
La(TAP) (Density ) | 4785 0. 349 3931 5.799
La(PM2.5) (Density) 3.763 0.413 2772 5.023
La(PM10) (Density) 4.195 0.337 3.401 5.170
La(SD) (Density) 2200 0. 511 0.693 7.202
Lo(AGDP) (RMB billions) 11.079 0. 757 9.302 12.427
La(IF4) (RMB ten billions) 17.427 0.956 15.198 19.048
La(7R) (RMB billions) 13.020 1.782 9.144 16.297
La(CPD 4621 0.011 4599 4644
Ln(FER) 6496 0. 042 6415 6.563

Ln(NIT;,) = 0o + BiLn(TAP ;) + P.Ln(AGDP ;) + BsLn(ZFA ;) + BsLn(TR;,)

+ﬁ5Ln(CP[,;, )+ B6Ln(FER it ) + Eit

Tourists just for going sightseeing are identified as real tourists in this paper. Nominal tourists involve
foreign visitors for the purpose of international business, transnational conference, service staffs and
employees (BCSEs) which are recognized as “tourists” by Chinese bureaus of statistics. Source: National
Bureau of Statistics, China. https://data.stats.gov.cn/easyquery.htm?cn=CO1.
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Where subscript i and ¢ represent city and time separately; NITit represents the
number of inbound tourists for city ith at time ¢, TAPif symbolizes the total air pollution
in city ith at time ¢, in which contains particulate matter 2.5 (PM2.5), inhalable
particulate matter 10 (PM10), and sulfur dioxide (SD), respectively. All of variables,
including control variables from B, to Pe in the equation, are measured by the natural
logarithm.

4.2. Results

Table 3 presents the regression results of the correlation between dependent and
independent variables. There is a significant negative correlation between the total air
pollution (TAP)and the numbers of inbound tourist (NIT) (coefficient = - 0.246; p <
0.001). It means that a 1 % increase in TAP may lead to reduce 0.246% of NIT. In
models (2), (3) and (4), PM2.5, PM10 and SD, each of them has a statistically and
significantly negative association with NIT (coefficient = - 0.240; p <
0.001),.(coefficient = -0.251; p < 0.001) and (coefficient = - 0.110; p < 0.05). These
results show that poor air quality, regardless what kind of source for air pollution,
generally has a negative relationship with NIT. Therefore, the number of inbound
tourists drops when the level of air pollution increases.

With regard to control variables that are considered in this study, the regression
results report that the effects of GDP per capita (AGDP) and tourism revenue (TR) on
NIT are positive and highly significant. The positive relationship could be the result of
inbound tourist consumption as a part of GDP per capita and tourism revenue. However,
the significant negative correlation of the investment on fixed assets (IFA) with NIT
suggests that carbon emission during the investment processes plays a negative role in
the inbound scale of foreign tourists. Two more control variables, FER and CPI, don’t
present statistical significant results with NIT.

The aforementioned findings confirm a negative relationship between air pollution
and the number of inbound tourists during the sample period of 2015-2019, which is
statistically significant at the level of 1%. More importantly, two sources of air
pollution, PM10 and PM2.5, show serious impact on inbound tourists. As Table 3
displays that a 1% increase in PM10 or PM2.5 leads to reduce the number of inbound
tourists (NIT) by 0.251% and 0.240%, correspondingly. The negative influence of PM
10 on sample cities is even more than PM2.5. Furthermore, IFA presents negative
relationship with NIT. When investment on fixed assets increases by 1%, the number of
tourists reduces by 0.168%. As carbon emission, including PM2.5, PM10 and SD,
constitutes the main source of air pollution in the processes of IFA. Thus, as expected,
the number of inbound tourists may continue to decline if carbon emission of IFA is not
substantially improved. Simply, the higher the level of air pollution is, the less the
number of tourists will be. On the other hand, the effects of AGDP and TR on NIT are
positive and highly significant. It means that inbound tourism has a significant
contribution to push up GDP per capita and tourism revenue as well.

Also, the VIF (variance inflation factor) in all of variables is less than two which
illustrates that multicollinearity is very low.
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Table 3. Regression results for the correlation between air pollution and inbound tourism.

Variables (1) (2) 3) 4)

Control variables

IniGDP 0.245%+*% (6.98)  0.247***(6.99) 0.245%%* (6.95) 0.235%+%(6.70)
InTR 0.199***¥(11.06)  0.197*** (10.42) 0.201%**(11.21) 0.212+%* (13.44)
InJFA -0.168***(-6.44)  -0.168*** (-6.45) -0.168*** (-6.45) - 0.165***(-6.40)
InFER -0.193 (-032) -0.199 (-0.32) -0.132 (-0.22) -0.638(-1.01)
InCPI 0.032(-1.32) -0.031 (-1.30) -0.032(-1.32) .-0.033(-141)
Independent variables

InTAP -0.246%** (-3.46)

InPM2.5 -0.240%** (-3.93)

InPMI0 -0.251%%* (-3.41)

InSD -0.110% (-2.23)
Constant 6.596%* (2.79) 6.055%* (2.63) 6.381%%(2.71) 9.058* (2.10)
Observations 180 180 180 180
Maximal VIF 1.27 1.30 1.26 1.32
Year yes yes yes yes

Notes: *p<0.05,**p<0.01,*#*p<0.001; r-values are in parentheses.
4.3. Robustness checks

To further demonstrate the reliability of regression results, we use the generalized
method of moments (GMM) estimator, that is, the system-GMM estimator, for
robustness checks. Comparing with static panel data models (fixed effects or random
effects) or ordinary least squares (OLS) regressions, the system-GMM estimator has
greater efficiency and less bias [30] which is also commonly used to test the robustness
of panel data [35,36]

Table 4 shows that the results of regression coefficient between the core
explanatory variables, TAP, PM2.5, PM10 and SD, and NIT are significantly negative
relationship. The effect of IFA on NIT is also negative and highly significant. Moreover,
the coefficients of GDP per capita (AGDP) and tourism revenue (TR) with NIT
indicate the positive relationship. These results are consistent with the findings in Table
3.

Table 4. Robustness check results of SYS-GMM.

Variables 1) ) (3) “4)

Conrrol variables

In4GDP 0.245%%* (7.42) 0.247%#* (7.32) 0.245%%* (7.44) 0.235%+%(7.68)
InfFA -0.168*** (-6.04) - 0.168*** (-6.07) -0.168%** (-6.04) - 0.165***(-6.00)
InTR 0.199*%%(10.49) 0.197%** (10.05) 0.201**%(10.28) 0.212%%* (9.49)
InFER -0.193 (-0.29) -0.199 (-0.29) -0.132(-0.19) -0.638(-0.92)
InCPI -0.032(-1.27) -0.031 (-1.25) -0.032(-1.26) -0.033 (-1.34)
Independent variables

InTP -0.391*%+%(-3.56)
InPM2.5 -0.332%%* (-3.47)

InPMI0 -0.390%+%(-3.62)
InSD -0.166*(-2.06)
Constant 6.102 (1.58) 6.025 (1.56) 5.538 (1.44) 9.058* (2.14)
Observations 180 180 180 180
r2 0.697 0.697 0.697 0.705
Year yes yes yes yes

Notes:*p<0.05 **p<0.01,***p<0.001; r-values are in parentheses

In addition, we use sub-sample regression analysis for the sake of comparing the
impact of two major air pollutants, PM2.5 and PM10, on inbound tourism in sample
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megacities. Table 5 shows the results of sub-sample regression about the correlation
between air pollution and inbound tourism in Chongqing, Beijing and Guangzhou. The
results indicate a significant negative correlation between inbound tourists and PM2.5
(coefficient = -0.327; p < 0.001) and PM10 (coefficient = -0.403; p < 0.001) in
Chongging, but the negative correlation is not significant in Beijing. Moreover, it
seems that inbound tourists in Guangzhou are not affected by air pollution since the
coefficient between inbound tourists and PM2.5 and PM10 become positive correlation

without statistically significant.
Table 5. Regression results of sub-sample

(O] @ 3
Chongqing Beijing Guangzhou
LaNIT LaNIT LoNIT
Control variables
InAGDP - 0.180**(-2.86) -0.199%(-2.63) -0.126(-1.79)
In7TR 0.277*%*%(9.35) - 0.043(-0.70) 0.292***(4.20)
In/FA 0.018(0.36) 0.195(1.33) 0.096(1.96)
InFER -0.942(-1.09) -0.627(-1.23) 0.735(1.20)
InCPI - 0.022(-0.73) -0.008(-0.53) 0.020(0.64)
Independent variables
InPM2.5 -0.327%** -0.001 0.001
(-3.49) (-0.02) (0.73)
InPM10 - 0.403%** -0.014 0.002
(-3.55) (-0.21) (1.39)
Constant 7.088 8.667 7.971 8.161  -2.962 -2.763
(1.51) (1.80) (1.76) (1.79)  (-0.94) (-0.89)
Observations 60 60 60
64.60 65.09 5.267 5.256 8.224 8.668
r2 0.880 0.881 0.373 0.374 0.482 0.495

Notes:*p<0.05,**p<0.01,***p<0.001; ¢-values are in parentheses.

The reasons may result from the composition and distribution differences of
inbound tourists in sample megacities. In fact, a large number of foreign visitors for the
purpose of international business, transnational conference, service staffs and
employees (BCSEs), that is, nominal tourists, account for about one third of the total
number of inbound tourists in China (see Figure 1).

Unit: ten thousand people

4000
3000 ‘_‘_ﬁ__,g_
2000
1000 — —pg——
0

2013 2014 2015 2016 2017 2018 2019

==¢=Total inbound tourists == Total nominal tourists

Figure 1. A comparison between the total number of inbound tourists and nominal tourists (2013-2019).
Source: National Bureau of Statistics, China. https://data.stats.gov.cn.

Clearly, Beijing is a center of political, economic and cultural, while Guangzhou is
the other heavyweight of economic and cultural where holds the fairs of export and
import twice a year. Therefore, both of megacities attract a lot of foreign government
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officials, employees and business men whom are not real tourists but have to
intensively stay or travel in these cities. Those groups of BCSEs that are recognized as
“tourists” by local bureaus of statistics would not be too care about the influence of
regular air pollution when they come to Beijing or Guangzhou, even though
Guangzhou ranks the second of carbon emissions in global urban [37].

One more puzzle of the results of sum- sample regression is that the regression
coefficients on IFA are no statistically significant and have positive correlation with
NIT. By contrary, the coefficients on AGDP are significant negative correlation with
NIT in Beijing and Chongqing. The possible explanations are as follows:

First, when the control variables IFA are analyzed as independent variables with
other variables, the explanatory power of IFA is diluted by other control variables [33].

Second, the main components of GDP (Y) include investment (I), consumption (C)
and net exports (NX), that is, Y =1+ C + NX [38]. Among the three component factors,
some studies have proved that international trade and consumption don’t reduce the
size of inbound tourists despite of increasing air pollution [39-41]. IFA is a part of GDP
and has dual effects on inbound tourism, expanding the size of inbound tourists by
improving tourism infrastructure but decreasing the numbers of foreign tourists due to
its carbon emission, for example. Thus, the negative correlation between AGDP and
NIT, actually, shows the negative relationship between IFA and NIT.

Third, although the coefficient on AGDP is no significant with NIT in the case of
Guangzhou, it should not be recognized that there is no significant negative
relationship between IFA and NIT. As previously mentioned, a number of the BCSEs to
be classified as tourists (nominal tourists) from different countries, come to Guangzhou
for business fairs no matter what air quality is. This special phenomenon does not
imply zeroing impact of air pollution on the health of nominal tourists and residents for
sure.

The above reasons illustrate that the results of core independent variables and main
control variable in Table 5 are no substantial difference from the regression results of
benchmark in Table 3.

5. Conclusions

This paper empirically analyzes the effect of air pollution on the number of inbound
tourists in major megacities, Beijing, Guangzhou and Chongqing, China. The sample to
be selected composes a panel data from January 2015 to December 2019 that allows us
to analyze the negative influence of air pollution on the number of inbound tourists
before the COVID-19 pandemic.

The empirical results demonstrate that the main air pollutants are linked with
PM10 and PM2.5 owing to the combustion of coal, gasoline, fossil fuels and vehicle
emissions in sample megacities. Especially, the most serious air pollution is connected
with PM10. Furthermore, the effect of air pollution related to carbon emissions from
business fixed investment on the number of inbound tourists is a negative correlation,
while the influence of GDP per capita and tourism revenue on NIT reveal a positive
relationship in accordance with the regression results of benchmark.

The different results between benchmark and sub-sample regressions present that
air pollution indeed shrink the size of foreign real tourists but not on nominal ones
whom concentrate in Beijing or Guangzhou for business and non-tour purposes. The
results of sub-sample confirm the negative relationship between AGDP and NIT, and
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thus provide an evidence about the same correlation between IFA and NIT in Beijing
and Chongqing because the control variable IFA is a part of GDP. The exception of
Guangzhou case stems from the special situation of nominal tourists. Consequently,
there is no reason to deny the empirical results of benchmark by means of some
coefficients without significant in sub-sample regression.

In order to stimulate the development of inbound tourism in Chinese megacities, it
is essential to reduce carbon emissions associated with business fixed investment in
which includes sectors of infrastructure, real-estate and motor vehicles, on fossil fuels
based, so that effectively improve air quality from one of important original sources.

The fundamental strategies to lessen air pollution and flourish inbound tourism in
megacities are to promote clean energy for green IFA through shifting infrastructure
structure from fossil fuel consumption to new infrastructure represented by cloud
computing, block-chain and artificial intelligence on information network based,
spreading new building materials with green, ecological and environmental protection
for real-estate sector, and updating engine, filter and fuel with low carbon emissions for
clean diesel vehicles and other vehicles. During the processes of transforming energy
type from high carbon fossil to renewable and low carbon, it is essential to popularize
clean energy technologies with effective policy frame for radically improving air
quality of megacities in China.
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Note

(D The term of megacities means that there are more than 10 million permanent
residents living in the same urban areas. Source: The State Council of China,
Notice on the adjustment of classification standard of urban scale, The State
Council of China [2014] No.51, Oct. 29, 2014.
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