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				Abstract

				Hibernation tourism in East and Southeast Asia is directly impacted by wintertime cold surges, which can result in high winds, extreme low temperatures, frost, freezing rain, and even sandstorms. This study compares two existing tourism climatic indexes—the Comprehensive Comfort Index (CCI) and the Tourism Climate Index (TCI)—to establish their ability to capture the full impact of cold surges on the tourism industry. From a climatic perspective, the TCI is more sensitive than the CCI, revealing a sig-nificant negative correlation with cold surge days. As illustrated here using a specific case study, the colder surge days in a month, the lower the TCI score for that month. This paper also evaluates poten-tial reasons for the observed disparity between the two indices and proposes that the TCI exhibits a higher temperature standard and preference for long sunshine hours than does the CCI.

				Keywords: Tourism Climate Index; Cold surge; Climate comfort; Hibernation tourism 
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				Introduction

				Hibernation tourism, also known as cold avoidance tourism, has become an important industry sector in recent decades (Feng et al., 2010). This is particular-ly true for older generations, who commonly migrate to warmer, more comfortable environments during the winter months to reduce the risk of seasonal health problems. Despite its popularity, however, hi-bernation tourism is not invulnerable to cold surges, which are anomalous meteorological events (Chang et al., 2011) characterized by strong northerly winds and depressed surface air temperatures (Pang & Lu, 2019). Cold surges have also been linked to the in-tensification of atmospheric convection and ampli-fied rainfall and flooding (Pullen et al., 2015). Ulti-mately, the clear risks posed to outdoor activities by cold surges warrant a more nuanced understanding of how these meteorological events impact hiberna-tion tourism.

				Researchers seeking to investigate climatic com-fort quantitatively and objectively can now draw from a large number of indices, factors, and scores devel-oped specifically for this purpose. In this study, we pose the question: Do existing tourism climatic indi-ces fully reflect the impact of cold surges? To address this question, we compared the output of two cur-rent indices. First proposed by Mieczkowski (1985), the Tourism Climate Index (TCI) has since been ap-plied widely (Scott et al., 2004; Shi, 2016) and is also used as the foundation for more recent indices, in-cluding the Climate Index for Tourism (CIT; de Freit-as et al., 2004), the Modified Climate Index for Tour-ism (MCIT; Yu et al., 2009), and the Holiday Climate Index (HCI; Scott et al., 2016), among others. We com-pared the TCI with the Comprehensive Comfort In-dex (CCI; Ma et al., 2009), which is a composite of the Temperature and Humidity Index (THI; Thom, 1959), 
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				the Wind Effect Index (WEI; Terjung, 1966), and the Clothing Index (ICL; de Freitas, 1979), which has been used extensively to analyze the comfort of summer and winter climates (Yu et al., 2018; Luo et al., 2017; and Deng et al., 2020). 

				Popular Chinese destinations for hibernation tour-ism include Hainan and Yunnan Provinces (Lin et al., 2019). In one recent study, Lin et al. (2013) investigat-ed the number of climate comfortable days during the winter months (November to April) in 11 tour-ist cities; they reported that Sanya and Haikou on Hainan both experience 181 days with temperatures of >16°C, while Jinghong in Yunnan experiences 145 days > 16°C. Lin et al. (2013) also observed that San-ya (Jinghong) experiences a total of 585 (543.6) sun-

				shine hours in winter. Considering both local climate conditions and environmental pollution, comfortable periods are generally longest in Sanya, Hainan, and second longest in Kunming, Yunnan (Zhang and Han, 2020). Because both provinces are located at low lati-tude, and thus characterized by mild winter climate conditions (Deng & Bao, 2020), we employed Hainan and Yunnan as example locations in the present pa-per. Specifically, we applied the CCI and TCI to as-sess winter climate comfort for hibernation tourism in both provinces, before comparing the capacity of each index to reflect the impact of cold surges. In do-ing so, our overarching objectives are to improve our understanding of both indices and provide a nuanced view of how extreme weather impacts tourism.

				Data and methods

				Data 

				For this investigation, we employed basic daily me-teorological variables (e.g., air temperature, relative humidity, surface wind speed, and sunshine hours) recorded by base stations operated by the China Me-teorological Administration between 1981 and 2010. Our specific temporal focus is the winter months (DJF: December, January, and February) and all data have been evaluated for quality control. For homoge-neity and validation purposes, we have excluded those stations with records spanning <30 years, with the re-sult that our analysis is based on a total of 27 stations in Yunnan Province and seven on Hainan (Fig. 1). Lo-cated in southwest China, Yunnan Province is charac-terized by mountainous and plateau topography. Cli-matically, winters are mild due to the blocking of cold air currents by the Tibetan Plateau to the northwest, and summers are relatively cool due to the region’s generally high elevation. Between May and October, 

				Yunnan is influenced by monsoonal winds arriving from both the Pacific and Indian Oceans; winters are typically dry, with little rain and abundant sunshine.

				Hainan is an island off the south coast of China and experiences a year-round tropical maritime climate. Summers are hot and humid, with frequent typhoons and thunderstorms; winters are generally warm and pleasant, with comparatively few meteorological haz-ards. Tourist reception numbers for Hainan are pub-licly available for the period since 1998 (http://lwt.hainan.gov.cn/xxgk_55333/lytj/2019data/) and have been provided on a monthly basis since 2002. For this study of winter tourism, we employed reception num-bers for the months December–February. 

				CCI and TCI

				This study utilized the CCI and TCI to evaluate the hibernation capacities of Yunnan and Hainan Prov-inces.

			

		

		
			
				Figure 1. Locations of the 27 Yunnan (left) and 7 Hainan (right) stations
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				Comprehensive Comfort Index (CCI)

				The CCI is a composite of three indices (THI, WEI, and ICL) used to represent tourism climate comfort (Xin et al., 2019) and is derived as follows:

				(1)

				Developed in 1959 by the US Meteorological Ad-ministration (Thom, 1959), the THI integrates tem-perature and humidity to quantify heat exchange between the human body and its surrounding envi-ronment: 

				(2)

				where t represents air temperature in degrees Celsi-us (°C) and f is relative humidity (%).

				The WEI was introduced in 1966 as an improved version of the wind chill index (Terjung et al., 1966). Incorporating different combinations of wind speed and temperature, in conjunction with heat dissipation by the human body, the WEI quantifies the degree to which human skin experiences the effects of warm and cold wind according to the equation:

				(3)

				where t denotes air temperature (°C), V the surface wind speed (m/s), and S the hours of sunshine per day (h/d).

				The fourth index, the ICL (de Freitas, 1979), ac-counts for the discomfort caused by climate change by considering the atmospheric and physiological var-iables that affect the thermal state of a human body outdoors:

				(4)

				where t is air temperature (°C), V is surface wind speed (m/s), a = 0.6, H = 87W/m2, and the solar con-stant R = 1367 W/m2. In this equation, α represents the solar altitude angle, which in winter is generally set as 90-β-23° 26' (β denotes latitude; Xu et al., 2000). Ultimately, the individual THI, WEI, and ICL scores are implemented in equation (1) to calculate the CCI. The CCI classifications and grades are given in Table 1. 

				Tourism Climate Index (TCI)

				The TCI (Mieczkowski, 1985) is a widely used tool that incorporates multiple meteorological factors:

				(5)

				To refine the TCI, Shi (2016) made the addition of the THI, resulting in a more straightforward calcula-tion:

				(6)

				Here we calculate the TCI using equation (6), in which ATHI represents the maximal THI for a giv-en day (derived from equation (2), with maximum air temperature and minimum relative humidity), and MTHI is the THI averaged over both day and night. The ATHI and MTHI classifications and scores are the same as those provided in figure 1 of Mieczkowski (1985). For equation (6), variables P, S, and W are aver-age monthly precipitation, average monthly sunshine hours, and average monthly wind speed, respectively. 
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				Table 1. CCI classification scheme

				
					Comprehensive Comfort Index (CCI)

				

				
					7 ≤ CCI ≤ 9

				

				
					5 ≤ CCI < 7

				

				
					3 ≤ CCI < 5

				

				
					1 ≤ CCI < 3

				

				
					Grade

				

				
					Comfortable

				

				
					Relatively comfortable

				

				
					Less comfortable

				

				
					Uncomfortable

				

			

		

		
			
				Table 2. Classification scheme for the TCI

				
					Tourism Climate Index (TCI)

				

				
					Description of tourist comfort level

				

				
					90–100

				

				
					Ideal

				

				
					80–89

				

				
					Excellent

				

				
					70–79

				

				
					Very Good

				

				
					60–69

				

				
					Good

				

				
					50–59

				

				
					Acceptable

				

				
					40–49

				

				
					Marginal

				

				
					30–39

				

				
					Unfavorable

				

				
					20–29

				

				
					Very Unfavorable

				

				
					10–29

				

				
					Extremely Unfavorable

				

				
					<9

				

				
					Impossible
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				Classifications and scores for P, S, and W are provided in tables 1–3 of Mieczkowski (1985). The TCI classifi-cations are given here in Table 2.

				Cold surges

				East Asian cold surges are one of the most promi-nent wintertime meteorological phenomena in the Northern Hemisphere (Chang & Lau, 1980) and in-volve the anomalous penetration of cold, high-lati-tude air masses into lower latitudes. Environmental-ly, cold surges can result in severe weather impacts such as gales, cold temperatures, frost, freezing rain, and sandstorms over large areas of East and South-east Asia (Ding, 1990). Physiologically, these events decrease the effective temperature (ET) experienced by the human body, which in turn impacts climate 

				comfort (Wu et al., 2017ab). The mean low-level, me-ridional, northerly wind component is employed as an index for cold surge intensity (Chang and Lau, 1980). Specifically, a cold surge occurs when norther-ly airflow at 925 hPa over the northern South China Sea (15°–20°N, 110°–115°E) increases to 8 m/s (Lau et al., 1983; Ding, 1990). To identify individual win-tertime cold surges between 1981 and 2010, we em-ployed NCEP/NCAR Reanalysis 1 data provided by the National Centers for Environmental Prediction/National Weather Service and the National Ocean-ic and Atmospheric Administration (NOAA) of the United States (NCEP/NCAR Reanalysis 1: NOAA Physical Sciences Laboratory). These data are pro-vided four times daily and have a spatial resolution of 2.5° × 2.5°.

				Results

				Comparison between the CCI and TCI

				Distributions of mean wintertime CCI and TCI for Yunnan and Hainan provinces between 1981 and 2010 are shown in Figures 2 and 3; detailed classifications of both indices are given in Tables 3–5. In Hainan, both indices exhibit relatively high scores (Figs 2 and 3), indicating that the island province is climatically comfortable for hibernation tourism during winter. A key difference between the CCI and TCI occurs in Sanya, for which the former assigns a Relatively Com-fortable (CCI = 6) grade in February, while the latter gives an Ideal (TCI = 90) score (Table 5). Although the TCI temperature standard is relatively high (i.e., an ET of 20ºC–27ºC is considered optimal), that same range is considered to be hot and only relatively comfortable in the CCI. According to Lin et al. (2003) and Huang (2016), Sanya is classified as hot in winter, which is more consistent with the CCI classification. 

				Larger discrepancies between the two indices oc-cur in Yunnan (Figs 2 and 3). In Figure 2, for instance, the CCI identifies uncomfortable areas primarily in northwestern Yunnan, whereas the TCI provides rel-atively low scores for northeastern and eastern Yun-nan. Other disparities include Shangri-La, which is assigned an Uncomfortable wintertime score by the CCI (< 3) owing to the prevalence of cold and windy conditions, but which is described as Good by the TCI (60–69) on account of the long sunshine hours (Tables 3–5). Consequently, the CCI deems Shangri-La un-suitable for tourism, whereas the TCI, which is more strongly weighted towards sunshine hours, consid-ers the region suitable. Similarly, while the CCI gives Huaping a Relatively Comfortable grade (CCI = 5.6) for the month of January, the TCI describes this lo-cation as Excellent (TCI = 81; Table 4), owing largely 

				to its long sunshine hours (8h/d). The biggest (small-est) differences in Yunnan are in January (February), for which 12 (5) stations give conflicting CCI and TCI classifications (Tables 3 and 5). We note that both in-dices agree that the most comfortable locations for hi-bernation tourists are in southwestern Yunnan.

				Generally speaking, the CCI and TCI give more consistent results for Hainan, suggesting that the province is more climatically suitable than Yunnan for hibernation tourism. Because the TCI demon-strates a preference of long sunshine hours, the typ-ically dry and sunny climate of Yunnan in winter af-fords the province an Acceptable score on this index (TCI > 50; Tables 3–5). The CCI, in contrast, classes certain parts of Yunnan (e.g., Deqin, Shangri-La, and Zhaotong) as Uncomfortable (Tables 3–5 and Fig. 2). There is also disagreement on which sites are optimal for hibernation tourism; Jiangcheng and Mengzi in Yunnan are considered Comfortable by the CCI, but do not score as highly in the TCI. 

				Temporal changes in the CCI and TCI for Hain-an are depicted in Figure 4, where they are compared directly with tourist reception numbers (http://lwt.hainan.gov.cn/xxgk_55333/lytj/2019data/). Overall tourist reception numbers for the province have been available since 1998, and monthly reception numbers (including winter months) have been available since 2002. Our comparison of CCI and TCI scores is re-stricted to the period 2002–2010. The obvious upward trend in tourist reception numbers for Hainan (Fig. 4: blue line) reflects the development of Chinese tour-ism over that period. To account for this factor, we have detrended the data (i.e., the linear trend is fit-ted and subtracted from the original data; blue bars in Fig. 4). Table 6 lists the correlations between the CCI 
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				Figure 2. Mean CCI distributions for (a and b) December, (c and d) January, and (e and f) February for the period 1981–2010. Panels (a), (c), and (e) correspond to Yunnan Province, and Hainan Province is depicted in panels (b), (d), and (f). On this color scale, 7 ≤ CCI ≤ 9 is Comfortable, 5 ≤ CCI < 7 is Relatively Comfortable, 3 ≤ CCI < 5 is Less Comfortable, and 1 ≤ CCI < 3 is Uncomfortable
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				Figure 3. Mean TCI distributions for (a and b) December, (c and d) January, and (e and f) February for the period 1981–2010. Panels (a), (c), and (e) correspond to Yunnan Province, and Hainan Province is depicted in panels (b), (d), and (f). On this color scale, 90–100 is Ideal, 80–89 is Excellent, 70–79 is Very Good, 60–69 is Good, and 50–59 is Acceptable
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				Table 3. December CCI and TCI classifications for Yunnan (first 27 stations) and Hainan (last 7 stations) provinces between 1981 and 2010.

				
					Index

				

				
					CCI

				

				
					TCI

				

				
					Station Grade

				

				
					7 ≤ CCI ≤ 9

				

				
					5 ≤ CCI < 7

				

				
					3 ≤ CCI < 5

				

				
					1 ≤ CCI < 3

				

				
					80–100

				

				
					70–79

				

				
					60–69

				

				
					50–59

				

				
					Deqin

				

				
					√

				

				
					√

				

				
					Shangri-La

				

				
					√

				

				
					√

				

				
					Weixi

				

				
					√

				

				
					√

				

				
					Zhaotong

				

				
					√

				

				
					√

				

				
					Lijiang

				

				
					√

				

				
					√

				

				
					Huaping

				

				
					√

				

				
					√

				

				
					Huize

				

				
					√

				

				
					√

				

				
					Tengchong

				

				
					√

				

				
					√

				

				
					Baoshan

				

				
					√

				

				
					√

				

				
					Dali

				

				
					√

				

				
					√

				

				
					Yuanmou

				

				
					√

				

				
					√

				

				
					Chuxiong

				

				
					√

				

				
					√

				

				
					Kunming

				

				
					√

				

				
					√

				

				
					Zhanyi

				

				
					√

				

				
					√

				

				
					Ruili

				

				
					√

				

				
					√

				

				
					Jingdong

				

				
					√

				

				
					√

				

				
					Yuxi

				

				
					√

				

				
					√

				

				
					Luxi

				

				
					√

				

				
					√

				

				
					Lincang

				

				
					√

				

				
					√

				

				
					Lancang

				

				
					√

				

				
					√

				

				
					Jinghong

				

				
					√

				

				
					√

				

				
					Simao

				

				
					√

				

				
					√

				

				
					Yuanjiang

				

				
					√

				

				
					√

				

				
					Mengla

				

				
					√

				

				
					√

				

				
					Jiangcheng

				

				
					√

				

				
					√

				

				
					Mengzi

				

				
					√

				

				
					√

				

				
					Guangnan

				

				
					√

				

				
					√

				

				
					Haikou

				

				
					√

				

				
					√

				

				
					Dongfang

				

				
					√

				

				
					√

				

				
					Danzhou

				

				
					√

				

				
					√

				

				
					Qiongzhong

				

				
					√

				

				
					√

				

				
					Qionghai

				

				
					√

				

				
					√

				

				
					Sanya

				

				
					√

				

				
					√

				

				
					Lingshui

				

				
					√

				

				
					√
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				Table 4. January CCI and TCI classifications for Yunnan (first 27 stations) and Hainan (last 7 stations) provinces between 1981 and 2010.

				
					Index

				

				
					CCI

				

				
					TCI

				

				
					Station Grade

				

				
					7 ≤ CCI ≤ 9

				

				
					5 ≤ CCI < 7

				

				
					3 ≤ CCI < 5

				

				
					1 ≤ CCI < 3

				

				
					80–100

				

				
					70–79

				

				
					60–69

				

				
					50– 59

				

				
					Deqin

				

				
					√

				

				
					√

				

				
					Shangri-La

				

				
					√

				

				
					√

				

				
					Weixi

				

				
					√

				

				
					√

				

				
					Zhaotong

				

				
					√

				

				
					√

				

				
					Lijiang

				

				
					√

				

				
					√

				

				
					Huaping

				

				
					√

				

				
					√

				

				
					Huize

				

				
					√

				

				
					√

				

				
					Tengchong

				

				
					√

				

				
					√

				

				
					Baoshan

				

				
					√

				

				
					√

				

				
					Dali

				

				
					√

				

				
					√

				

				
					Yuanmou

				

				
					√

				

				
					√

				

				
					Chuxiong

				

				
					√

				

				
					√

				

				
					Kunming

				

				
					√

				

				
					√

				

				
					Zhanyi

				

				
					√

				

				
					√

				

				
					Ruili

				

				
					√

				

				
					√

				

				
					Jingdong

				

				
					√

				

				
					√

				

				
					Yuxi

				

				
					√

				

				
					√

				

				
					Luxi

				

				
					√

				

				
					√

				

				
					Lincang

				

				
					√

				

				
					√

				

				
					Lancang

				

				
					√

				

				
					√

				

				
					Jinghong

				

				
					√

				

				
					√

				

				
					Simao

				

				
					√

				

				
					√

				

				
					Yuanjiang

				

				
					√

				

				
					√

				

				
					Mengla

				

				
					√

				

				
					√

				

				
					Jiangcheng

				

				
					√

				

				
					√

				

				
					Mengzi

				

				
					√

				

				
					√

				

				
					Guangnan

				

				
					√

				

				
					√

				

				
					Haikou

				

				
					√

				

				
					√

				

				
					Dongfang

				

				
					√

				

				
					√

				

				
					Danzhou

				

				
					√

				

				
					√

				

				
					Qiongzhong

				

				
					√

				

				
					√

				

				
					Qionghai

				

				
					√

				

				
					√

				

				
					Sanya

				

				
					√

				

				
					√

				

				
					Lingshui

				

				
					√

				

				
					√
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				Table 5. February CCI and TCI classifications for Yunnan (first 27 stations) and Hainan (last 7 stations) provinces between 1981 and 2010.

				
					Index

				

				
					CCI

				

				
					TCI

				

				
					Station Grade

				

				
					7 ≤ CCI ≤ 9

				

				
					5 ≤ CCI < 7

				

				
					3 ≤ CCI < 5

				

				
					1 ≤ CCI < 3

				

				
					80–100

				

				
					70–79

				

				
					60–69

				

				
					50–59

				

				
					Deqin

				

				
					√

				

				
					√

				

				
					Shangri-La

				

				
					√

				

				
					√

				

				
					Weixi

				

				
					√

				

				
					√

				

				
					Zhaotong

				

				
					√

				

				
					√

				

				
					Lijiang

				

				
					√

				

				
					√

				

				
					Huaping

				

				
					√

				

				
					√

				

				
					Huize

				

				
					√

				

				
					√

				

				
					Tengchong

				

				
					√

				

				
					√

				

				
					Baoshan

				

				
					√

				

				
					√

				

				
					Dali

				

				
					√

				

				
					√

				

				
					Yuanmou

				

				
					√

				

				
					√

				

				
					Chuxiong

				

				
					√

				

				
					√

				

				
					Kunming

				

				
					√

				

				
					√

				

				
					Zhanyi

				

				
					√

				

				
					√

				

				
					Ruili

				

				
					√

				

				
					√

				

				
					Jingdong

				

				
					√

				

				
					√

				

				
					Yuxi

				

				
					√

				

				
					√

				

				
					Luxi

				

				
					√

				

				
					√

				

				
					Lincang

				

				
					√

				

				
					√

				

				
					Lancang

				

				
					√

				

				
					√

				

				
					Jinghong

				

				
					√

				

				
					√

				

				
					Simao

				

				
					√

				

				
					√

				

				
					Yuanjiang

				

				
					√

				

				
					√

				

				
					Mengla

				

				
					√

				

				
					√

				

				
					Jiangcheng

				

				
					√

				

				
					√

				

				
					Mengzi

				

				
					√

				

				
					√

				

				
					Guangnan

				

				
					√

				

				
					√

				

				
					Haikou

				

				
					√

				

				
					√

				

				
					Dongfang

				

				
					√

				

				
					√

				

				
					Danzhou

				

				
					√

				

				
					√

				

				
					Qiongzhong

				

				
					√

				

				
					√

				

				
					Qionghai

				

				
					√

				

				
					√

				

				
					Sanya

				

				
					√

				

				
					√

				

				
					Lingshui

				

				
					√

				

				
					√
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				(TCI) and hotel reception numbers and detrended ho-tel reception numbers for Hainan. We observe that, although the TCI and CCI both exhibit positive cor-relations (0.153 and 0.096, respectively) with the de-trended tourist reception data, these correlations are not significant, implying that tourism is influenced by factors other than climate, such as infrastructure, propagation of social media in tourist centers, region-al economic development, and epidemic outbreaks.

				Table 6. Correlation coefficients for the CCI and TCI, hotel reception numbers, and anomalies of hotel reception numbers (after detrending) on Hainan.

				
					Correlations

				

				
					Hotel reception numbers

				

				
					Anomalies in hotel reception numbers after detrending

				

				
					CCI

				

				
					−0.095

				

				
					0.096

				

				
					TCI

				

				
					−0.046

				

				
					0.153

				

				The period of climatic comfort is a critical factor for hibernation tourism. Since the TCI utilizes monthly data, this approach cannot quantify comfort levels on a daily basis. Therefore, the CCI is more appropriate for investigating climatically comfortable periods in high resolution. In this study, we focused our evalu-ation on those cities and tourism hotspots with rel-atively high CCI scores, including eight in Yunnan Province (Yuanmou, Ruili, Lancang, Jinghong, Simao, Yuanjiang, Mengla, and Mengzi) and five in Hainan Province (Haikou, Danzhou, Qiongzhong, QiongHai, and Sanya). Figure 5 depicts the numbers of Optimal days (CCI = 9) in winter: Mengla exhibits the high-est value (82 days), followed by Jinghong (64 days); all eight cities in Yunnan attain Optimal status in Feb-ruary. In Hainan, Qiongzhong experiences the high-est number of Optimal days (47 days), whereas Haik-ou and Sanya both report zero Optimal days. Optimal 

				days in Hainan are highest in January, underscoring a key difference in the timing of peak hibernation tour-ism between Yunnan and Hainan.

				Correlations with cold surges

				Figure 6 shows the comparison between TCI and CCI scores and the wintertime occurrence of cold surge days between 1981 and 2010 and highlights the strong interannual variability in cold surge events (blue line in Fig. 6). For Hainan and Yuanjiang (Yun-nan), we observed a clear negative relationship be-tween the occurrence of cold surge days and TCI scores, whereby a higher number of surge days cor-responds to generally lower index scores. From this we infer that more frequent cold surge events result in a higher probability of low temperatures and high wind speeds. In contrast, the relationship between the occurrence of cold surge days and the CCI is less obvious. 

				Table 7 lists the correlation coefficients between the TCI and CCI and the number of cold surge days in Hainan and the cities of Yuanjiang, Mengla, and Jin-ghong in Yunnan between 1981 and 2010. The three Yunnan stations were selected because they are clas-sified as being optimally comfortable during winter. Whereas correlation coefficients between the num-ber of cold surge days and the TCI are all significant-ly negative, those for the CCI are more variable, be-ing negative in Yuanjiang and Mengla but positive in Hainan and Jinghong. Moreover, the CCI correlation coefficients are not significant. This result indicates that the TCI reflects the influence of cold surges in a climatic perspective better than the CCI. As discussed in the previous section, the TCI has stricter tempera-ture and sunshine hour thresholds, making the index generally more sensitive than the CCI to the influence of cold surges. 
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				Figure 4. Temporal changes in CCI (left vertical axis; red line) and TCI (right vertical axis; green line) scores, hotel reception numbers (right vertical axis; black line; unit: 10,000 people), the linear trend of hotel reception numbers (blue line), and anomalies in hotel reception numbers after detrending (left vertical axis; blue bars) for winter (December, January and February) on Hainan between 2002 and 2010[click on figure to enlarge]

			

		

		
			
				Figure 5. Number of days classed by the CCI as Optimal (CCI = 9) during December (blue), January (red), and February (green) for eight cities in Yunnan (red rectangle: Yuanmou, Ruili, Lancang, Jinghong, Simao, Yuanjiang, Mengla, and Mengzi) and five cities on Hainan (blue rectangle: Haikou, Danzhou, Qiongzhong, Qionghai, and Sanya)[click on figure to enlarge]
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				Here we investigate the specific case of a strong East Asian cold surge, which occurred between 30 December 2004 and 2 January 2005 (Zhao & Zeng, 2005). During this event, the South China Sea region and lower ad-jacent latitudes experienced anomalously strong winds and a pronounced drop in temperature. In Damaoshan (Hong Kong Province), for example, the air tempera-ture dropped to −2°C early in the morning of 1 January 2005. This cold anomaly even crossed the equator, pen-

				etrating the Southern Hemisphere and bringing heavy rainfall to northern Australia (Zhao & Zeng, 2005). Between 30 and 31 December 2004, Hainan experi-enced significant cooling (Fig. 7), with temperatures in the mountainous central region dropping below 10°C. During the same event, temperatures in northwest-ern and northeastern Yunnan dropped below freezing from 30 December 2004 to 1 January 2005 (Fig. 8). De-spite the onset of warmer weather on 2 January 2005, 

			

		

		
			
				Figure 6. Monthly changes in the CCI (left vertical axis; red line) and TCI (right vertical axis; green line) relative to the incidence of cold surge days (left vertical axis; blue line) in winter for the period 1981–2010. Panel (a) corresponds to Yuanjiang in Yunnan; panel (b) depicts Hainan
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				Table 7. Correlation coefficients between the TCI and CCI, the TCI and cold surge days, and the CCI and cold surge days in Hainan and Yunnan (Yuanjiang, Jinghong, and Mengla) from 1981 to 2010 (* and ** denote significance levels of 95% and 99%, respectively)
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				Figure 7. Daily temperature distributions for Hainan between 30 December 2004 and 2 January 2005 (°C) 

			

		

		
			
				Figure 8. Daily temperature distributions for Yunnan between 30 December 2004 and 2 January 2005 (°C)
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				Figure 9. CCI distributions for Hainan between 30 December 2004 and 2 January 2005

			

		

		
			
				Figure 10. CCI distributions for Yunnan between 30 December 2004 and 2 January 2005
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				temperatures in those regions remained anomalously low (<4°C). In both Hainan and Yunnan, the cold surge was associated with elevated wind speeds and low pre-cipitation (<3 mm; not shown). 

				As a result of the 2004–2005 cold surge, CCI scores for both Hainan and Yunnan dropped measurably (Figs 9 and 10), with northwestern and northeastern 

				Yunnan registering Uncomfortable ratings (Fig. 10). The impact of this cold surge is captured effectively by the CCI; however, the monthly average resolution of the TCI precludes a direct comparison of the two in-dices. The inability of the TCI to quantify daily com-fort conditions is thus a major limitation of this met-ric (Scott et al., 2016). 

				Discussion and conclusions 

				Winter tourism is an economically significant com-ponent of the tourism industry (Pullin et al., 2015). Although the potential impacts of climate change on this sector are the focus of research both global-ly (Scott et al., 2012) and regionally/nationally (Steiger & Scott., 2020), previous work has focused primarily on the skiing industry (Steiger & Stötter, 2013; Scott et al., 2019; 2020; Steiger et al., 2019; Steiger & Scott., 2020), which is already being impacted by insufficient snow cover and shorter winter seasons (Steiger et al., 2019; Steiger & Scott, 2020). In contrast, climatic im-pacts on hibernation tourism, particularly in China, are less well understood. Within the context of cli-mate change, the declining number of extremely cold days in China (Wu et al., 2017a; Jin et al., 2019) sug-gests that, on average, winters will become more cli-matically comfortable. What is missing from this as-sessment, however, is a nuanced understanding of the effects of extreme weather, such as cold surges, on hi-bernation tourism. Bringing gales, cooling, frost, and freezing rain, cold surges serve to reduce the effective temperature of the human body and thus our percep-tion of climatic comfort (Wu et al., 2017a). Acknowl-edging the direct link between cold surges and human comfort, this paper has evaluated two widely used in-dices to provide a climatic perspective on the impacts of extreme weather on hibernation tourism. Our prin-cipal conclusions are as follows:

				The correlation between the TCI and cold surge days is higher and more significant than that be-tween the CCI and cold surge days. During our 1981–2010 study period, the TCI of Hainan and of Yuanjiang, Mengla, and Jinghong (Yunnan) all show significantly negative correlations (>95% con-fidence) with cold surge days, whereby higher num-bers of surge days per month result in lower TCI scores. The correlation between cold surge days and the CCI, however, is lower and not significant. We conclude, therefore, that the TCI is more effective for capturing the climatic influence of cold surg-es, due primarily to the higher temperature stand-ards of that index and the preference for long sun-shine hours. This finding was confirmed by Scott et al. (2016) and Hasanah et al. (2020), who both 

				showed that the TCI yields the highest scores when sunshine hours are >10 hours. 

				Correlations between the CCI and TCI time se-ries for the period 1981–2010 are not uniform among the various stations. The spatial differ-ence between the CCI and TCI is most obvious in Yunnan, where the daily resolution of the CCI is more effective for analyzing daily comfort than is the monthly resolved TCI. As a result, various researchers have sought to improve the TCI and develop additional diurnal-scale indices, such as the CIT (de Freitas et al. 2004) and HCI (Scott et al. 2016). We propose that a direct comparison of these approaches will be a valuable contribution to our understanding of how cold surges impact hibernation tourism.

				Correlations between the CCI and TCI and the Hainan tourist reception data for the period 2002–2010 in Hainan are poor, indicating that climat-ic comfort is not the sole factor affecting winter tourism. Other potential factors include govern-ment decision-making, economic development, infrastructure, and publicity. In their recent study of climatic comfort and visits to the Borobudur Temple, Indonesia, Hasanah et al. (2020) reported a correlation between TCI score and foreign visi-tations, although this correlation is not strong. In our study, we do not differentiate between foreign and domestic tourists. Hasanah et al. (2020) also showed that the HCI index returns higher corre-lations with both foreign and domestic tourist vis-itations.

				In general, the island of Hainan is more climatically comfortable for hibernation tourists than Yunnan, as reported by Deng and Bao (2020). During the strong cold surge between 30 December 2004 and 2 January 2005, the drop in temperature on Hain-an was less than that in Yunnan. We also note that the climatically optimal time for hibernation tour-ism is February in Yunnan and December–January on Hainan. Moreover, the cities of Mengla and Jin-ghong are the most comfortable locations for hiber-nation tourism in Yunnan, which is consistent with the study of Wu et al. (2017b). 
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event.target.__id_touched = true;
}
event.stopPropagation();
event.preventDefault();
}
function onTouchEnd(element, event) {
removeClass(element, '_idGenStateClick');
var actions = element.getAttribute("data-releaseactions");
if(actions) {
eval(actions);
event.target.__id_touched = true;
}
event.stopPropagation();
event.preventDefault();
}
function onHide(id) {
var element=document.getElementById(id);
if(element) {
handleMSOStateParentOfObject(element);
addClass(element, '_idGenStateHide');
}
}
function onShow(id) {
var element=document.getElementById(id);
if(element) {
handleMSOStateParentOfObject(element);
removeClass(element, '_idGenStateHide');
}
}
function handleMSOStateParentOfObject(element) {
var prev = element;
var parent = prev.parentNode;
var found;
while(parent && !found) {
var cn = parent.className;
if(cn && cn.indexOf('_idGenMSO') != -1)
found = true;
else
prev = parent;
parent = prev.parentNode;
}
if(found) {
var nextState = prev;
var mso_states = parent.children;
for (var i = 0, state; state = mso_states[i]; i++) {
var cn = state.className;
if (cn.indexOf('_idGenCurrentState') != -1 ) {
handleMediaInMSOState(state);
removeClass(state, '_idGenCurrentState');
addClass(state, '_idGenStateHide');
removeClass(nextState, '_idGenStateHide');
addClass(nextState, '_idGenCurrentState');
return;
}
}
}
}
function handleMediaInMSOState(element) {
/*This function is used to stop playing media present in current state when we move from current state to another state.*/
var descendants = element.getElementsByTagName('*');
for(var i = 0; i < descendants.length; i++) {
var e = descendants[i];
var tagName = e.tagName.toLowerCase();
if(tagName == 'video' || tagName == 'audio') {
if(!(e.paused)) {
e.currentTime = 0;
e.pause();
}
}
}
}
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