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Abstract: Climate is an essential component in the sustainability of tourism cities. Coastal tourism
cities face unprecedented challenges under a changing climate. The complexity of the tourism–climate
interface predicates the need for tools that can assess the weather and climate accurately. Tourism
climate indices have been widely developed to evaluate the temporal and spatial distribution of
climate resources, but these indices are not entirely applicable to coastal cities facing air pollution. This
study developed a Coastal Tourism Climate Index (CTCI) to assess the tourism climate suitability of
Chinese coastal cities. The CTCI was developed to include five variables: thermal comfort, sunshine,
precipitation, wind, and air quality. This index was applied and verified in the case of nine coastal
tourism cities in China compared to the Holiday Climate Index (HCI: Beach). According to the results,
the CTCI is more suitable for coastal tourism climate assessment in China. Finally, corresponding
countermeasures are put forward for the balanced and sustainable development of Chinese coastal
tourism cities. This study takes the lead in applying big data to the development and validation of
tourism climate indices. These findings provide novel insights for the tourism climate assessment of
coastal destinations facing air pollution.

Keywords: coastal cities; coastal tourism; Tourism Climate Index; climate change; air quality; big
data; China

1. Introduction

Coastal tourism is one of the pillar industries of the marine economy in China, rep-
resenting 50.6% of the added value of major marine industries in 2019 [1]. Thus, the
sustainable development of coastal tourism in China is important. According to the na-
tional standard “Classification of Marine and Related Industries (GB/T 20794-2006)” in
China, coastal tourism is defined as that including “those tourism business and service
activities based on various natural and cultural landscapes in coastal zones, islands and
oceans”. Its concept embraces the full range of tourism, leisure, and recreationally ori-
ented activities [2]. Hence, coastal tourism depends strongly on appropriate ecological
circumstances and a sunny climate [3–5].

Climate is an essential component in the sustainability of coastal tourism cities [6].
Climate change has significant influences on tourist behaviors, tourism flows, and desti-
nation competitiveness [7–10]. Hence, assessing the tourism climate is necessary to aid
in decision making, investment, operations, and planning [11,12]. The first attempt to
present a quantitative evaluation of climate was the Tourism Climate Index (TCI) devised
by Mieczkowski [13]. Over the past 30 years, a number of climate indices for coastal
tourism have been developed for different destinations, such as the Beach Climate In-
dex (BCI) [14], a second-generation climate index for tourism (CIT) [15], and the Holiday
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Climate Index (HCI) [16]. Tourism climate indices are effective tools to assess tourism
climate conditions and can provide climate information for the sustainable development of
coastal destinations.

However, these indices are not appropriate for the tourism climate assessment of
Chinese coastal cities, because there is a lack of consideration of some emerging factors in
China, such as air quality. In recent years, air pollution has had a significant adverse effect
on the tourism cities in China [17]. For instance, haze weather has had impacts on tourist
arrivals and destination preferences, because tourists carefully consider haze weather and
shortlist their destinations based on these considerations [18]. This issue is most serious
in several coastal provinces, including Hebei, Shandong, and Jiangsu [19]. In addition,
air pollution in winter and spring is more serious than that in summer and autumn [20].
Thus, constructing a tourism climate index suitable for Chinese coastal cities is necessary to
accurately assess the tourism climate suitability and avoid chaotic development against the
background of climate change.

Accordingly, we propose a novel Coastal Tourism Climate Index (CTCI) for Chinese
coastal cities. This paper includes the following objectives: (1) to develop a novel tourism
climate index suitable for Chinese coastal cities; (2) to assess the tourism climate suitability
accurately; and (3) to put forward sustainable development strategies for Chinese coastal
cities. Based on the above objectives, this paper provides a contribution to enrich research
content of tourism climate indices by developing a novel index (CTCI) including five
climate variables: Temperature Humidity Index (THI), sunshine, precipitation, wind, and
Air Quality Index (AQI). Two key methodological advancements of the CTCI include:
(1) it uses the entropy method to improve the objectivity of the weightings of the sub-
indices; and (2) it takes the lead in applying big data to the development and validation
of a tourism climate index. Tourism climate indices are effective climate assessment tools
that can translate climate conditions into coastal tourism decision-relevant information
more comprehensively. This index can be transferable to global coastal destinations facing
serious air pollution for climate assessment and provides the basis for marketing strategies
and sustainable management measures. In conclusion, this study not only deepens research
about tourism climate indices but also provides a reference for sustainable tourism policy-
making in Chinese coastal cities.

2. Literature Review

The literature review explains climate, air quality and the development of coastal
tourism, and gives an overview of previous research in tourism climatology.

2.1. Climate, Air Quality, and Coastal Tourism Development

Climate is a fundamental factor involved in various nature-based tourism activities [6].
Climate change has a significant influence on tourism resources, destination image, choice,
tourism flows, and seasonality [9,21,22]. The term “weather” refers to short-term conditions
(days to months), while “climate” refers to mid-term to long-term conditions (months to
years) [23]. Tourists wish to know not only the long-term climate characteristics of an
area, but also the probability and intensity of weather conditions for a month or even a
day [16]. In addition, it is well documented that nature-based tourism across multiple
activities, including beach tourism, ski tourism, camping, and park visitation, requires
different climatic conditions [24–27]. Traditionally, coastal tourism activities have been
based on beaches and seawater. Hence, temperature, relative humidity, sunshine hours,
wind, and cloud cover are often considered the main climate variables that influence beach
tourism demand [28]. Nowadays, coastal cities are emerging as powerhouses of tourism
interest [29]. As a result, the weather conditions required for coastal tourism activities have
become more complex in recent years.

Climate change and its potential consequences are becoming more important than
ever before [30]. One important aspect of climate change is variations in air quality [31].
With global climate change, air quality is significantly influencing the attractiveness and
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tourism demand of various cities [32]. Intuitively, air pollution inhibits the development of
the tourism industry. Tourists refrain from sightseeing in cities where air quality causes
health concerns [33]. Scholars generally agree that poorer air quality may decrease the
tourism demand and the competitiveness of a tourism destination, and the negative effect
is more pronounced for international tourism than for domestic tourism [34–37]. In general,
prior literature shows that China is a major focus of these types of studies, and visitors
from China usually highly value pure air and the natural environment [38]. However, air
quality has not been referred to in previous studies on tourism climate assessment. Thus, it
is necessary to comprehensively assess the climate for Chinese coastal tourism cities in the
context of air pollution.

2.2. Tourism Climate Indices for Coastal Destinations

Tourism Climate Indices (TCIs) have been widely discussed as tools for evaluating
climatic suitability since Mieczkowski developed the Tourism Climate Index (TCI) [13].
This index was established to evaluate world climates for general sightseeing and not for
specific tourism segments. Over the past 30 years, indices designed for coastal tourism
have emerged subsequent to the TCI, including the Beach Climate Index (BCI), a second-
generation Climate Index for Tourism (CIT), the Modified Climate Index for Tourism
(MCIT), the Optimized Index (OPT), and the Holiday Climate Index: Beach (HCI: Beach),
among others [14,15,39–41]. These works have contributed to substantial progress in the
study of tourism climatology. However, there are some critical limitations in the previous
literature, including the subjectivity of climate resource weights and ratings, insufficient
empirical testing for indices using observed tourist behaviors, and the inability to recognize
the effects of extreme events [23].

Most studies have focused their attention on coastal destinations in Europe, the
Mediterranean, Australia, the United States, and Canada, while Chinese coastal destina-
tions have been scarcely explored [42,43]. These indices are not suitable for the tourism
assessment of Chinese coastal cities due to the lack consideration of air quality. For example,
the BCI encompasses five weighted sub-indices: thermal sensation, precipitation, sunshine,
wind, and bathing water temperature. The HCI and OPT contain four weighted facets:
thermal comfort, aesthetic, precipitation, and wind [44]. Moreover, these evaluation models
all adopt weighted summation in form, but the methods for improving the objectivity of
the index weight are still worth in-depth discussion. In particular, a number of studies have
suggested that the weight for each component varies among different countries [45–47].

In terms of empirical validation data of these indices, visitation numbers, occupancy
rates, and tourist climate preferences have been used as indicators of weather conditions
that affect tourism demand [15,40,48]. However, these structured data can be insufficient
due to the small sample size. Compared with the traditional structured data, big data such
as social media data and Internet search engine data are most widely incorporated into
tourism research nowadays [49]. Previous studies have demonstrated that tourists use
search engines to obtain weather and destination information [50]. Hence, the tourist flow
and social behavior can be predicted from the massive volume of search data available
on the Internet [51,52]. Internet data, especially from Google and Baidu, are attracting
increasing attention from scholars in the field of tourism [53–56]. Baidu search data have
been used widely in the forecasting of tourist arrivals and hotels in China [57,58]. Hence,
using Baidu search data as validation data can be an important method to improve the
accuracy of climate assessment models.
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3. Materials and Methods

The materials and methods will introduce the Chinese coastal cities, data sources and
analysis methods for the development of the CTCI.

3.1. Study Area

Nine coastal tourism cities in China, from north to south, were chosen for this study, in-
cluding Dalian, Qinhuangdao, Qingdao, Nantong, Shanghai, Hangzhou, Fuzhou, Xiamen,
and Haikou (see Figure 1). These cities are major tourist destinations in China and have
experienced rapid economic growth within the tourism industry. According to the Year-
book of China Tourism Statistics, in 2017, the nine coastal tourism cities received 15,319,201
tourists, accounting for 34 percent of the total number of major coastal tourism cities in
China, and the tourists’ average stay in one of these coastal cities is approximately four
days. These cities are appealing to tourists due to their ideal climate, coastal and marine
scenery, resorts, suitability as locations for second homes, and variety of entertainment (e.g.,
sightseeing, beach recreational activities, sports, cruises, and diving). Moreover, these cities
also span the country’s three major climatic zones, namely temperate regions, subtropical
regions, and tropical regions. Therefore, these cases cannot only allow us to better explain
the spatial and temporal differences in the coastal tourism climate in China, but also expand
the application scope of the CTCI.
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3.2. Data Sources
3.2.1. Climate Data

The climate data (temperature, relative humidity, wind speed, precipitation, and
sunshine hours) were derived from the “China Surface Climate Data Monthly Data Set”
provided by the National Meteorological Information Center (China Meteorological Data
Network, http://data.cma.cn/, accessed on 5 March 2021). The monthly data of the nine
coastal cities from 1 January 2013, to 31 December 2020, were obtained.

3.2.2. Air Quality Index

The data of the Air Quality Index (AQI) were derived from the Monthly Report of
Urban Air Quality (between 1 January 2013 and 31 December 2020) provided on the official
website of the Ministry of Ecology and Environment of the People’s Republic of China
(https://www.mee.gov.cn/, accessed on 8 March 2021). The AQI is a dimensionless index
that describes the comprehensive situation of urban ambient air quality and has been
reported since January 2013. It combines the concentration values of six pollutants, namely
SO2, NO2, PM10, PM2.5, CO, and O3. The higher the AQI, the more polluted the air. We
used the average values of AQI in November 2013 and November 2015 to supplement
the missing values of AQI in November 2014 for the nine cities. Due to the changing
amplitude of the AQI, the values in three adjacent years are the smallest. In order to
maintain the consistency of the temporal granularity of climate data, we used monthly data
for calculation. The AQI is higher in winter, lower in summer, and moderate in spring and
autumn. The mean value of the AQI in northern cities is higher than that in southern cities.

3.2.3. Baidu Index

The Baidu Index is a free online search application with massive amounts of data
(https://index.baidu.com/v2/index.html#/, accessed on 15 March 2021), and it is used
to calculate the frequency of different keywords in different periods of time, reflecting
the different keywords “user awareness” and “media attention” during a given period.
In order to identify tourism-related searching behaviors, we selected “Dalian + tourism”,
“Qinhuangdao + tourism”, “Qingdao + tourism”, “Nantong + tourism”, “Shanghai +
tourism”, “Hangzhou + tourism”, “Fuzhou + tourism”, “Xiamen + tourism”, and “Haikou
+ tourism” as base keywords (between 1 January 2013 and 31 December 2020), and then
searched for these keywords through the Baidu Index to determine the frequency of
mentions. Baidu search trend data are absolute values and vary among different cities and
seasons, with obvious regional differences and seasonal characteristics.

3.3. Analysis Methods

The development of the CTCI included three steps: (1) assess the weightings of the
sub-indices using the information entropy weight method (IEW); (2) determine the weather
variable rating scores and thresholds based on the Chinese meteorological standard and
related literature; and (3) empirically validate the index using the Baidu Index for coastal
tourism cities in China.

For a tourism climate index, the weightings of the sub-indices are crucial to measure
the index’s importance. In this paper, we used SPSS software to calculate the weightings,
named the Information Entropy Weight (IEW), based on the information entropy and
the practical background of weather data. The entropy method is an objective weighting
method. This method is commonly used in statistics and other fields [59,60]. The weightings
of the sub-indices are identified according to the influence of the relative change degree of
the sub-indices on the overall system. The larger the relative change in the sub-indices, the
larger the weighting.

http://data.cma.cn/
https://www.mee.gov.cn/
https://index.baidu.com/v2/index.html#/
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4. Results and Discussion

In the following, the results and discussion section will outline the development and
validation of the CTCI. The results will present climatic trends and suitability across the
Chinese major coastal tourism cities using the CTCI.

4.1. The CTCI Formula

When these five variables are identified in accordance with the Baidu Index, the CTCI
formula is expressed as:

CTCI = β1·THI + β2·S + β3·P +β4·W +β5·A (1)

where THI (monthly temperature humidity index) represents the thermal comfort resources;
S (monthly average daily bright sunshine hours, h) represents the aesthetic resources; P
(monthly average daily precipitation, mm), W (monthly maximum wind speed, km/h),
and A (monthly air quality index) represent the physical resources. βn (n = 1, 2, 3, 4, 5)
represents the weight value of each variable.

Next, we used the Information Entropy Weight method (IEW) to assess the weightings
of these sub-indices. After dimensional processing of the variable data, the results were
calculated as follows (see Table 1).

Table 1. The weightings of sub-indices.

Variables THI Sunshine Precipitation AQI Wind

Weight coefficient 33.1% 46.8% 7.7% 9.9% 2.5%

Finally, the CTCI formula was defined as:

CTCI = 0.331·THI + 0.468·S + 0.077·P + 0.025·W + 0.099·A (2)

Each of the five sub-indices has a score of 0 to 10, as does the final CTCI score.

4.2. Variable Thresholds and Rating Scores

Previous studies show that both the BCI index and the OPT index are suitable for
small-scale regional climate assessment, whereas the TCI and HCI: Beach are applicable to
larger-scale areas. Moreover, variable thresholds vary among different countries. Hence, in
this study, the threshold values and sub-index scores of the CTCI were determined based
on the TCI, HCI: Beach, Chinese meteorological standard, and related literature. Each
climatic variable in the CTCI is rated on a scale from 0 to 10, with an overall CTCI index
score of 0 to 100.

4.2.1. THI Facet

As shown in Table 2, the CTCI identified 21 different thermal comfort ranges and
assigned sub-index scores between 0 and 10. The CTCI assigns a score of 10 when THI is
between 24.0 and 24.9. For the lowest rating of the THI, the CTCI assigns a score of 0 for
days with THI ≥ 28.0 and THI < 15.0, because this weather condition is no longer suitable
for coastal tourism in China, as indicated by Fan and Guo [61]. CTCI ratings reflect the
higher thermal tolerance of coastal and beach tourists, consistent with the HCI: Beach.
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Table 2. THI facet rating schemes.

HCI: Beach Climate Suitability Assessment
for Coastal Tourism in China CTCI

THumidex (°C) Rating THI Feeling Degree THI Rating

≥39.0 0

>28.0 torrid

≥28.0 0
38.0~38.9 2
37.0~37.9 4
36.0~36.9 5
35.0~35.9 6
34.0~34.9 7 27.5~27.9 3
33.0~33.9 8 27.0~27.4 5
31.0~32.9 9 26.5~26.9 6
28.0~30.9 10

27.0~28.0 hot
26.0~26.4 7

26.0~27.9 9 25.5~25.9 8
23.0~25.9 7 25.0~26.9 warm * 25.0~25.4 9
22.0~22.9 6

17.0~24.9 comfort ** 24.0~24.9 1021.0~21.9 5
20.0~20.9 4
19.0~19.9 3 15.0~16.9 cool * 23.0~23.9 9
18.0~18.9 2

<15.0 cold

22.0~22.9 8
17.0~17.9 1 21.0~21.9 7
15.0~16.9 0 20.0~20.9 6
10.0~14.9 −5 19.0~19.9 5

≤9.9 −10

18.0~18.9 4
17.0~17.9 3
16.0~16.9 2
15.0~15.9 1

<15.0 0
Note: * suitable for sightseeing; ** suitable for sightseeing and vacation [61].

4.2.2. Sunshine Facet

The TCI uses mean monthly hours of sunshine per day for the aesthetic facet, whereas
the HCI: Beach uses the percentage of cloud cover instead of sunshine hours because of the
lack of meteorological data. However, sunshine conditions are still usually regarded as a
necessary and significant factor for coastal tourism and beach recreation. Accordingly, we
selected sunshine data to develop the CTCI index to be consistent with the original TCI (see
Table 3). The CTCI gives the highest score of 10 when there are more than 10 h of sunshine,
and rating scores become lower with a decrease in sunshine hours.

Table 3. Sunshine facet rating schemes.

TCI HCI: Beach CTCI

Sunshine Hours Rating Cloud Cover (%) Rating Sunshine Hours Rating

<1 h 0.0 0.0–0.9 8 <1 h 0
1 h~1 h 59 min 0.5 1.0–14.9 9 1 h~1 h 59 min 1
2 h~2 h 59 min 1.0 15.0–25.9 10 2 h~2 h 59 min 2
3 h~3 h 59 min 1.5 26.0–35.9 9 3 h~3 h 59 min 3
4 h~4 h 59 min 2.0 36.0–45.9 8 4 h~4 h 59 min 4
5 h~5 h 59 min 2.5 46.0–55.9 7 5 h~5 h 59 min 5
6 h~6 h 59 min 3.0 56.0–65.9 6 6 h~6 h 59 min 6
7 h~7 h 59 min 3.5 66.0–75.9 5 7 h~7 h 59 min 7
8 h~8 h 59 min 4.0 76.0–85.9 4 8 h~8 h 59 min 8
9 h~9 h 59 min 4.5 86.0–95.9 3 9 h~9 h 59 min 9

≥10 h 5.0 ≥96.0 2 ≥10 h 10
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4.2.3. Precipitation Facet

The CTCI identified 11 different precipitation ranges, which was consistent with
HCI: Beach. However, when further dividing the rainfall thresholds, we used the national
standard of the grade of precipitation in China (see Table 4). Depending on the PRC national
standard “Short-range weather forecast” (GB/T 21984-2017), the grade of precipitation
(within 24 h) in China has 11 categories. The CTCI assigns a score of 10 for precipitation
(mm) = 0 mm, corresponding to the grading of HCI: Beach. Then, the grade of light
rain (precipitation between 0.1 and 9.9 mm) was identified as nine ranges with scores
of 9~1. For the lowest rating of the precipitation facet, the CTCI assigns a score of 0 to
precipitation ≥ 10.00, when the grade of precipitation is described as “moderate rain”.
These ratings are more reflective of the tolerance for precipitation among leisure tourists on
a coastal vacation in China.

Table 4. Precipitation facet rating schemes.

HCI: Beach
National Standard of the Grade of

Precipitation in China
(GB/T 21984-2017)

CTCI

Precipitation
(mm) Rating Precipitation

(mm) Grade Precipitation
(mm) Rating

0 10 <0.1 scattered rain 0 10
0.01~2.99 9 0.1~9.9 light rain 0.1~1.9 9
3.00~5.99 8 10.0~24.9 moderate rain 2.0~2.9 8
6.00~8.99 6 25.0~49.9 heavy rain 3.0~3.9 7
9.00~11.99 4 50.0~99.9 intense fall 4.0~4.9 6

12.00~24.99 0 100.0~249.9 cloudburst 5.0~5.9 5

≥25.00 −1 ≥250.0 extraordinary
rainstorm

6.0~6.9 4
7.0~7.9 3
8.0~8.9 2
9.0~9.9 1
≥10 0

4.2.4. Wind Facet

For wind, the HCI: Beach has eight categories and scores the highest when the wind
speed is in the range of 0.6~9.9 km/h (see Table 5). Based on the HCI: Beach and the
Beaufort scale (GB/T 21984-2017), the CTCI assigns the highest score of 10 for days with
wind speeds of 6.0~11.9 km/h. In this situation, tourists feel most comfortable in coastal
destinations. When the wind speed is in the range of 1.0~5.9 km/h, the CTCI assigns a
score of 9, because this is also relatively suitable for coastal tourism. As the wind speeds
increase above 11.9 km/h, the score decreases. The lowest score of 0 occurs when the grade
of wind is described as “hurricane” with the wind speed ≥ 56 km/h (dangerous for coastal
tourism activities).

Table 5. Wind facet rating schemes.

HCI: Beach Beaufort Scale
(GB/T 21984-2017) CTCI

Wind (km/h) Rating Wind (km/h) Grade Wind (km/h) Rating

0~0.5 8 <1 calm <1.0 8
0.6~9.9 10 1~5 light air 1.0~5.9 9

10.0~19.9 9 6~11 light breeze 6.0~11.9 10
20.0~29.9 8 12~19 gentle breeze 12.0~15.9 9
30.0~39.9 6 20~28 moderate breeze 16.0~19.9 8
40.0~49.9 3 29~38 fresh breeze 20.0~24.9 7
50.0~69.9 0 39~49 strong breeze 25.0~28.9 6

≥70.0 −10

50~61 moderate gale 29.0~33.9 5
62~74 fresh gale 34.0~38.9 4
75~88 strong gale 39.0~43.9 3

89~102 whole gale 44.0~49.9 2
103~117 storm 50.0~55.9 1

>117 hurricane ≥56 0
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4.2.5. AQI Facet

The Air Quality Index (AQI) is a dimensionless index describing the comprehensive
status of urban ambient air quality. It comprehensively considers the pollution levels of six
pollutants, namely SO2, NO2, PM10, PM2.5, CO, and O3. The larger the composite index
value, the heavier the degree of pollution. According to the National Urban Air Quality
Report in December 2020, Xiamen (AQI = 2.56), Lhasa (AQI = 2.83), Beijing (AQI = 3.55),
Shenzhen (AQI = 3.69), Dalian (AQI = 3.81), and Wenzhou (AQI = 3.86) were evaluated
as having “good air quality”, and the air quality level of other cities gradually decreased.
Thus, air quality rating schemes are as follows (see Table 6). The highest rating (10) is given
to AQI in the range of 0.0~1.9. The lower scores of 9~8 are given to days with AQI in the
range of 2.0~3.9. For the lowest rating of the air quality facet, the CTCI assigns a score of 0
to AQI ≥ 11.

Table 6. AQI rating schemes.

CTCI

AQI Rating

0.0~1.9 10
2.0~2.9 9
3.0~3.9 8
4.0~4.9 7
5.0~5.9 6
6.0~6.9 5
7.0~7.9 4
8.0~8.9 3
9.0~9.9 2

10.0~10.9 1
≥11 0

4.2.6. Rating Systems for CTCI

Corresponding with the detailed descriptive categories of the HCI: Beach, this article
proposes a simplified rating system (ideal, acceptable, unfavorable) based on Chinese
tourist travel behavior (see Table 7). CTCI scores of 6.0~10.0 were deemed ideal for most
of the tourists, and these five facets are all within the range of good conditions, indicating
suitability for both sightseeing and vacations. Acceptable categories signify that this
combination of weather conditions is suitable for sightseeing but not vacations in China.
CTCI scores of 0.0~4.9 were deemed unfavorable for most tourists.

Table 7. Rating systems of the Holiday Climate Index (HCI: Beach) and Coastal Climate Index (CTCI).

HCI: Beach CTCI

Score Descriptive Rating Score Descriptive Rating

9.0~10.0 ideal

6.0~10.0 ideal
8.0~8.9 excellent
7.0~7.9 very good
6.0~6.9 good
5.0~5.9 acceptable 5.0~5.9 acceptable
3.0~4.9 marginal

0.0~4.9 unfavorable1.0~2.9 unacceptable
0.0~0.9 dangerous
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4.3. Validation and Results
4.3.1. Validating the CTCI

The CTCI was validated by comparing it to the HCI: Beach. First, scores for the CTCI
and HCI: Beach were calculated (from 1 January 2013 and 31 December 2020); then, they
were averaged monthly to facilitate comparisons. Second, we used the R-squared (R2)
coefficient (linear regression model) to test the relative strength of the relationship between
the climate index score and Baidu Index. R2 values are between 0.0 and 1.0. The closer the
return value is to 1.0, the better the model is.

As shown in Table 8, the CTCI demonstrated a stronger fit than the HCI: Beach for
78% (7/9) of the observations. All cities have higher R2 values between CTCI and Baidu
Index except Fuzhou and Xiamen. Stronger correlations are noted for both indices and
Baidu Index to Dalian, Qinhuangdao, Qingdao and Nantong (all R2 values ≥ 0.6). The four
seasons are distinct in these Chinese northern cities. Lower R2 values are shown between
HCI: Beach and Baidu Index in southern cities (Hangzhou, Fuzhou, Xiamen, and Haikou).
The results show that CTCI can assess the climate of Chinese coastal tourism cities more
accurately. In addition, the research methods used in this study are also effective for the
construction of a tourism climate assessment model.

Table 8. R2 values between the climate index score and the Baidu Index (from January 2013 to
November 2020).

R2 Dalian Qinhuangdao Qingdao Nantong Shanghai Hangzhou Fuzhou Xiamen Haikou

CTCI 0.71 0.84 0.71 0.69 0.44 0.60 0.36 0.20 0.64
HCI: Beach 0.74 0.64 0.61 0.68 0.60 0.48 0.10 0.11 0.05

4.3.2. Tourism Climate Assessment of Chinese Coastal Cities

Regional differences exist in terms of the overall suitability for coastal tourism. Haikou
has higher yearly average CTCI, while other cities have relative lower CTCI except for few
peak seasons. As can be observed in Figures 2 and 3, the CTCI can better express the spatial
and temporal changes in the suitability of the coastal tourism climate in China. First, the
CTCI and HCI display strong consistency in the tourism climate assessment of Chinese
coastal cities located in the temperate zone. Dalian, Qinhuangdao, and Qingdao are cold in
winter and comfortable in summer, a trend that coastal tourism activities followed. The
meteorological conditions are comparable. However, the CTCI scores are lower than the
HCI: Beach scores from November to January since these months are usually the most
polluted in Northern China. Second, the CTCI demonstrates better performance than HCI:
Beach in the climate assessment of subtropical and tropical coastal cities. Figure 2 shows
that the HCI scores are much higher than the CTCI scores throughout the year. In fact,
these coastal cities (Nantong, Shanghai, Hangzhou, Fuzhou, Xiamen, and Haikou) have the
most comfortable climate only in spring and autumn due to the great influence of tropical
cyclones and cold waves (see Figure 3).
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Specifically, there is an obvious difference between the CTCI and Baidu Index in
July. The Baidu Index reaches its peak in most cities (7/9, Dalian, Qinhuangdao, Qingdao,
Shanghai, Hangzhou, Fuzhou, Xiamen) in July. Owing to the summer vacation, the number
of domestic tourists using search engines to make travel decisions reaches the highest level
for the whole year. However, July is a relatively unsuitable month for coastal tourism
because of the heavier precipitation and the fewer sunshine hours. Hence, the CTCI cannot
reach the maximum value in July.

4.4. Discussion

Coastal tourism is largely regarded as one of the fastest-growing industries world-
wide [2,62]. However, it is susceptible to the impacts of climate change [28,63]. Climate
indices are effective tools and techniques that can translate weather and climate conditions
into tourism decision-relevant information [40]. However, there are still some limitations
in previous studies. First, most early studies focused on the climate conditions required by
3S (sun, sea, and sand) tourism activities, but few revealed the relationship between air
quality and tourism climate suitability for coastal cities facing air pollution [31]. In order to
assess the tourism climate of Chinese coastal cities, we developed the CTCI, including five
variables: THI, sunshine, precipitation, wind, and AQI. Encouragingly, the CTCI is more
suitable than HCI: Beach based on correlations with the Baidu Index. The findings based on
the CTCI reveal the spatial and temporal climate characteristics of China’s coastal tourism
cities, which could provide a convincing basis for policy makers and the tourism industry.

Second, the weather variable rating schemes of the TCIs were subjective, as they were
based on the author’s opinions [14,23,64]. Hence, in order to improve the objectivity of the
weighting system of the variables, this study used the entropy method to determine the
weightings of the sub-indices. The entropy method is an effective instrument to determine
the index weight according to the variation degree of each index value. It is an objective
weighting method and can avoid the bias induced by subjective influence to a certain
extent [65]. The results showed that sunshine and THI were the predominant weather
variables, and air quality was more critical than wind.

Third, traditional official data or micro-survey data are insufficient to describe tourist
behavior at precise time and space scales [18], such as visitation numbers [40], occupancy
rates [48], and questionnaires [15], because these structured data can be insufficient due to
its small sample size. Recently, Baidu search data have been used widely in the forecasting
of tourist arrivals and hotels in China [57,58]. Compared to the traditional validation data,
big data are timely and accurate tourism indicators [66] and are free for everyone. Thus, we
used the Baidu Index to validate and improve the model’s accuracy. This is important to
highlight because we took the initiative to try and apply big data to the development and
validation of the tourism climate index. Overall, the findings show that the CTCI is more
suitable for the climate assessment of Chinese coastal cities compared to the HCI: Beach.
However, the peak demand is influenced by the institutional seasonality in July. Moreover,
lower fitting degrees (Fuzhou and Xiamen; see Table 8) indicate that there may be other
factors influencing the searching behaviors, such as attractive promotions. In the future,
big data, including Google Trends, mobile phone signals, and network texts of tourists,
should be fully used to accurately detect the relationship between climate and tourism
development in different temperature zones.

In future development, coastal tourism cities located in the same temperature zone
should implement differentiated marketing strategies to overcome the problem of the
homogeneity of climate resources. China’s government should adjust the holiday sys-
tem through the comprehensive promotion of annual vacations with pay, because the
current holiday system leads to tourism problems between supply and demand. Next,
tourism enterprises should adjust and upgrade their products and services to enhance
their adaptation to climate change. Travel plans with regard to coastal tourism activities
should be customizable, to better meet the needs of tourists on hazy days [18]. In addition,
improving the urban air quality is another effective strategy to improve the attractiveness
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and sustainability of Chinese coastal tourism cities. In fact, China implemented the Action
Plan of Air Pollution Prevention and Control (APPC-AP) in 2013 as the strictest measures
for multi-pollutant control [67]. In conclusion, shaping a destination image of “blue seas,
blue skies, and white clouds” is crucial for the competitiveness and sustainability of these
coastal tourism cities.

5. Conclusions

This paper focuses on the tourism climate assessment of Chinese coastal cities in the
context of air pollution. The most significant contribution of this study may lie in the
development of a novel Coastal Tourism Climate Index (CTCI), suitable for coastal cities
facing air pollution, using big data. Most early studies focused on the tourism climate
conditions required by 3S (sun, sea, and sand) tourism activities, but few revealed the
relationship between air quality and tourism climate suitability for coastal tourism activities
taking place from cities to marine areas. In order to assess the tourism climate of Chinese
coastal cities accurately, the CTCI combines five weather sub-indices: THI, sunshine,
precipitation, wind, and AQI. The findings underline the importance of air quality for
coastal tourism climate assessment in China. Through deepening the understanding of
coastal tourism climate conditions, this study provides theoretical guidance for sustainable
tourism marketing and management in Chinese coastal cities. Ideally, future research could
build on the CTCI to assess the climate for tourism destinations facing serious air pollution
in other geographic contexts.

Despite various implications, there are still some limitations. First, in order to ensure
the consistency of the temporal granularity of the variables, the use of 96 months of data
to develop and validate the index was a limitation of our study. More data should be
included in future studies. Second, the ocean influences weather and climate directly.
But tourist behavior is influenced by a variety of factors, such as weather, landscape,
cultural backgrounds, social influences, personality, economic situations, education etc.
Due to the complex relationship between climate and tourist behavior, CTCI should be
modified continuously according to verification of more typical cases, to improve accuracy
and universality. Third, natural disasters such as sea level rising could be considered as
an essential component in tourism climate indices for coastal resorts in further research.
Fourth, big data such as Google Trends, mobile phone signals, and network texts should be
used to accurately detect the relationship between climate and tourism development. At
the same time, more attention should be paid to the protection of personal privacy.
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