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Abstract: World Heritage is of high historical, artistic, and scientific value and represents wealth
created by human beings or nature that cannot be replaced. In this paper, the tempo-spatial character-
istics of World Heritage and its traffic accessibility were assessed in China using statistical and spatial
analysis methods. The results showed that development of Chinese World Heritage experienced
exploratory, evolution, accelerated development, and stable development phases. To date, there
are 55 World Heritage Projects in China, including 37 Cultural Heritage, 14 Natural Heritage, and
4 mixed double heritage projects. Based on the spatial analysis, global spatial correlation of these
heritage sites was not significant while the local spatial correlation was significant. The majority of
the heritage sites were distributed in the east—central regions of China, and the hotspots were also
concentrated in these regions. In addition, an assessment of inter-regional accessibility indicated
that 63.18% of heritage sites could be reached within one hour from a city center and the average
time taken to reach a heritage site was at 1.03 h in the local city. Time cost was low and accessibility
was good. Additionally, an analysis of the overall accessibility showed that the average time cost
of the World Heritage Sites was 25.51 h. Overall accessibility in the central plain region of China
was very high, with a time cost of <15 h. The overall accessibility in the western mountains and
northeastern regions was very limited. In general, the development of China’s World Heritage still
has great potential and strong traffic accessibility, which can effectively promote the development of
heritage tourism. Meanwhile, heritage tourism can also effectively promote the development of local
economies under the principle of protection priority.

Keywords: world heritage; accessibility; China; Moran’s I; spatial distribution

1. Introduction

World Heritage refers to cultural relics and natural landscapes with outstanding
significance or universal value as selected by the United Nations Educational, Scientific,
and Cultural Organization (UNESCO) and recorded in the World Heritage List [1-3].
They have high historical, artistic, and scientific value so they are rare and irreplaceable.
To sustainably develop the precious natural and cultural heritage resources around the
world, the World Cultural and Natural Heritage Protection Convention was signed on
17 November 1972 by UNESCO [4]. In the convention, Cultural Heritage was defined
as the works of man, as well as the combined works of nature and of man and areas
representing exceptional universal interest from historical, aesthetic, and ethnographic
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points of view, including archaeological sites (https://whc.unesco.org/en/documents/
1471 (accessed on 20 December 2021)). Natural Heritage was defined as natural sites or
strictly delineated natural areas of outstanding universal interest from the point of view
of science, conservation, and natural beauty, including natural monuments, geological,
and physiographical formations and precisely delineated areas. Although Mixed Heritage
sites were not announced until 2005, a case of Mixed Heritage occurred in 1979. The
Tikal National Park in Guatemala was added to the World Heritage List because it met
criteria (i), (iii), (iv), (ix), and (x). Criterion (i) was described as “the Tikal National Park
is an outstanding example of the art and human genius of the Maya”, while criterion (ix)
was described as “the landscape mosaic comprising savannas, lush forests, wetlands and
various freshwater systems is part of the Maya Forest, one of the conservation gems of
Central America, hosting a rich diversity of flora and fauna as a result of a remarkable
evolution of species and ecological communities” (https://whc.unesco.org/en/list/64/
(accessed on 20 December 2021)).

In 1976, the World Heritage Commission was established. Member states submitted
their World Heritage Sites to UNESCO the World Heritage List was established. The
concept of Mixed Heritage was named and listed as a type of World Heritage in 2005, at
which point it was also proposed that the nomination of Mixed Heritage should be given
priority in order to enhance the balance of the list [5]. Mixed Heritage, i.e., Mixed Cultural
and Natural Heritage, is defined as “satisfy[ing] a part or the whole of the definitions
of both Cultural and Natural Heritages laid out in Articles 1 and 2 of the Convention”
(http:/ /whc.unesco.org/en/guidelines/ (accessed on 9 January 2021)). World Heritage
was subsequently classified as World Cultural Heritage, World Natural Heritage or World
Mixed Heritage. Based on the continuous development of the norms of World Heritage
over past decades, World Heritage-listed landscapes must meet at least one or more of
10 standards to be considered of outstanding universal value [1,6-8]. Until November 2020,
the 1121 World Heritage items were listed on the World Heritage List, including 869 World
Cultural Heritage sites, 213 World Natural Heritage sites and 39 World Mixed Heritages
sites [9]. Additionally, 53 sites were listed as endangered heritages.

China’s government submitted the Chinese World Heritage Project to UNESCO in 1986,
and six heritage sites were first listed on the UNESCO World Heritage List in December
1987 [3,10]. So far, there are more than 50 World Heritage Projects in China. As in the
number and fame of World Heritage Sites increased, there was a contradiction between
the World Heritage Site’s protection and the people’s eagerness to explore the sites due to
curiosity. “Heritage tourism” gradually grew, which allowed this contradiction to be solved
in a way that was conducive to the sustainable economic development of the localities
of the heritage sites [6,7,11-13]. With the improvement of human material wealth and
intellectual curiosity, there was a gradual increase in interest among non-heritage residents
who wanted to learn about World Heritage culture and landscapes through tourism [14].
The accessibility of World Heritage Sites became the key factor affecting residents’ travel.
Therefore, it becomes particularly necessary to understand spatial patterns and assess the
transportation accessibility of World Heritage Sites. Although research on the number
of heritage sites and their spatial distribution was conducted in China [7,11,15-17], such
research has not been conducted on the exploratory space and traffic accessibility of Chinese
World Heritage Sites.

In this paper, our main aims were to understand the development of World Heritage
Projects and to assess their spatial pattern in China in order to (I) understand the devel-
opment of World Heritage in China and its current state; (II) explore the spatial pattern of
China’s World Heritage Sites; and (III) assess the traffic accessibility of these World Heritage
Sites in China. To achieve these research goals, we collected data on World Heritage Projects
and roads in China. Some timing analysis methods and spatial analysis techniques were
used to understand the spatiotemporal characteristics and traffic accessibility of various
sites. The results will be used as a reference for the nomination, protection, and tourism
development of World Heritage. In particular, the study of the spatial patterns of World
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Heritage can provide a reference for the Chinese government to balance these nominations.
The results of traffic accessibility will provide information for people who want to visit
World Heritage Sites and for local governments to help them to implement plans for World
Heritage Projection.

2. Data and Methodology
2.1. Data Sources and Collection

The data involved in this study mainly included World Heritage Project data and
map data. The data records of World Heritage Projects contained information on Cultural,
Natural and Mixed Heritage sites in China, while the map data mainly involved the roads
and administrative boundaries in China. Information on World Heritage Projects was
derived from the World Heritage Center on the UNESCO website (https://whc.unesco.
org/en/list/ (accessed on 12 September 2021)), which was accurate up to December
2020. The Chinese administrative map was downloaded from the standard map service
website of the National Administration of Surveying, Mapping and Geo information
(http://bzdt.ch.mnr.gov.cn/ (accessed on 21 September 2021)). In addition, a traffic network
dataset was used to calculate the time cost of heritage travel based on Gaode Map (https:
/ /www.amap.com/ (accessed on 12 September 2021)). For detailed information on the
dataset please see Table 1.

Table 1. Data sources used in the study.

Data Items Forms Reference
Cultural Heritage xls/kml https://whc.unesco.org/en/syndication
Natural Heritage xls/kml https:/ /whc.unesco.org/en/syndication
Mixed Heritage xls/kml https://whc.unesco.org/en/syndication
Highway dataset .shp/kml https://ditu.amap.com/
Administrative boundaries .shp/eps http:/ /bzdt.ch.mnr.gov.cn/

2.2. Analysis Methods
2.2.1. Global Spatial Analysis of Spatial Pattern of World Heritage Sites

To explore the distribution of World Heritage Sites in space, global Moran’s I indexes
were used in this paper. The global Moran’s I indicates the similarity between the distri-
bution of the values of spatial adjacency or spatial adjacency regional units [18,19]. The
value of Moran’s I ranges from —1 to 1, where a value of less than 0 represented a negative
correlation, equal to 0 represented no correlation, and more than 0 represented a positive
correlation. The formula of Moran’s I is as follows:

"y i wij(x; — %) (xj — %)

i=1j=

)

where [ indicates the value of the Global Moran’s I, w;; indicates the spatial weight of the
two elements i and j, x; indicates the attribute value of the element I, and ¥ indicates the
average value of the elements. The formula of the average value is defined as follows:
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Xj
j

2
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For Moran’s I, a standardized statistic variation of Z can be used to test whether there
is a significant spatial autocorrelation, and its formula is defined as follows:
_ 1-E()

Var(I)

4 3)

where a positive and significant Z indicates a positive spatial autocorrelation; that is, similar
observations of high or low values tending towards spatial agglomeration. A negative
and significant Z indicates a negative spatial autocorrelation and shows that the values are
discretely distributed in space. A Z of zero indicates an independent random distribution.

2.2.2. Local Spatial Analysis of Spatial Pattern in the World Heritage Sites

Although the global spatial autocorrelation index (Moran’s I) can reveal the spatial
heterogeneity of the global variables, it does not accurately reflect the spatial relations of the
local variables, which are sometimes masked. To further explore the spatial autocorrelation
of the local variables, the Getis-Ord Gi* index was used to reveal the spatial distribution
characteristics of heritage sites, the formula of which is defined as follows:

n — n
L wijxj = XL wij
G = "= — (4)

n n 2
ny w]_z]_, Y wij
=1 " j=1

n—1

S L
where x; represents the attribute value of the element j, w; ; indicates the spatial weight

between the elements i and j, n represents the total number of the elements in space, and
the calculated statistic value of the G is the score of Z. S is defined as follows:

©)

2.2.3. Traffic Accessibility in Terms of the Time Cost

Accessibility usually refers to how easy it is to get to a heritage site from different
places, which can be divided into inter-regional and extra-regional accessibility [14,20,21].
In this paper, the inter-regional accessibility showed the ease of reaching heritage sites
in a small area, which was measured by the time distance [22]. Due to the short internal
distance of the area, visitors mainly went to the heritage site by road. The time cost was
represented by the prefecture-level city government center as the place of departure, with
each heritage point as the destination.

Extra-regional accessibility referred to the ease of reaching a regional heritage site
from other areas of the country, measured by the average shortest time distance [22]. Here,
we used ArcGIS’s O-D cost matrix analysis to calculate the time cost between all prefecture-
level cities in China to obtain the average time cost of getting from a certain city to other
regions. Comprehensive accessibility was the sum of inter-regional accessibility and extra-
regional accessibilities. Based on the requirements of the Highway Engineering Technical
Standards of the People’s Republic of China (JTGB-2003), the road speed was defined on
highways as 100 km per hour, on national highways as 80 km per hour, and on provincial
highways as 60 km per hour. The formula used to calculate the accessibility of the heritage
sites in China in this paper is as follows:

T=L/S (6)

where the T denotes the time cost, L denotes the total distance from departure to destination,
and S denotes the speed per hour.
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3. Results
3.1. Change in China’s World Heritage Development

Since China joined the World Heritage Convention in 1985, 55 items from China have
been added to the UNESCO World Heritage List (Figure 1), with China now ranking first
in the world in terms of number. These 55 items include 37 World Cultural Heritage sites,
14 World Natural Heritage sites and 4 World Mixed Cultural and Natural Heritage sites
(also called Double Heritage sites) (Table 2). The development of China’s World Heritage
Project can be divided into four phases. The exploratory stage encompasses the period
prior to 1985. Many exploratory studies on the concept and nomination of World Heritage
Sites were conducted in this period. Secondly, the evolution stage is defined as the period
1986-1999. In 1987, UNESCO for the first time announced that six heritage sites from China
were included on the World Heritage List, i.e., Mausoleum of the First Qin Emperor, the
Great Wall, Imperial Palaces of the Ming and Qing Dynasties in Beijing, Peking Man Site at
Zhoukoudian, Mogao Caves and Mount Taishan. Only one additional heritage site was
added from 1989 to 1991, while the number of heritage sites had increased to 23 by 1999.
Thirdly, the accelerated development stage is defined as the period 2000-2003. In 2000,
four new World Natural Heritage sites added in China. Finally, the stable development
stage is defined as after 2003. The number of heritage sites has steadily increased every year
since 2004, which indicates that it began to enter its growth stage. While China’s number of
Cultural Heritage Sites increased rapidly in this period, its number of Mixed Heritage Sites
has remained unchanged since 1999. To date, only six provincial administrative regions
have no World Heritage Sites, including Shanghai, Heilongjiang, Hainan, Taiwan, Ningxia
Hui Autonomous Region, and the Hong Kong Special Administrative Region.
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Figure 1. Changes in the development of China’s World Heritage Sites.
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Table 2. World Heritage Sites in China and the criteria they meet.

Code  World Heritage Project Name Reg1s‘trat10n World Heritage Site Meet Criterion Province
Time or Area
Peking Man Site .
1 at Zhoukoudian 1987 ) (vi) Beijing
The Imperial Palace of the
Imperial Palaces of the Ming and Qing Dynasties Beijing
2 Ming and Qing Dynasties 1987; 2004 in Beijing, (i) (1)(iii)(iv) Liaoning
in Beijing and Shenyang The Imperial Palace of the Province
Qing Dynasty in Shenyang
Mausoleum of the First PO . . .
3 Qin Emperor 1987 - (1) (i) (iv) (vi) Shaanxi Province
4 Mogao Caves 1987 - (i) G ((1\1]11)) ) () Gansu Province
5 The Great Wall 1987 Badaling, Shanhaiguan, oy (&) 50) (jv) (vi) ~ Beling Hebel,
Jiayuguan Gansu
Mountain Resort and its iy . .
6 Outlying Temples, Chengde 1994 - (ii) (iv) Hebei Province
Potala Palace,
Historic Ensemble of the . . Jokhang Temple N . .
7 Potala Palace, Lhasa 1994;2000,2001 Monastery, (@) () (vi) Tibet
Norbulingka
Temple and Cemetery of
8 Confucius and the Kong 1994 - (1) @(iv) (vi) Shandong
. . Province
Family Mansion in Qufu
Q  Ancient Building Complex N e s . .
= -
9 ET in the Wudang Mountains 1994 (i) (ii) (vi) Hubei Province
=
10 % Lushan National Park 1996 - (i1) (iii) (iv) (vi) Jiangxi Province
11 %_. Old Town of Lijiang 1997 ©) (ii) (iv) (v) Yunnan Province
QO
xR Ancient City of Ping Yao,
12 Ancient City of Ping Yao 1997 Zhen Guo Temple, (ii) (iii) (iv) Shanxi Province
Shuang Lin Temple
13 Classical Gardens of Suzhou 1997;2000 ® (i) (ii) (iii) (iv) (v)  Jiangsu Province
Summer Palace, an Imperial N peen pess
14 Garden in Beifing 1998 - (i) (ii) (iii) Beijing
Temple of Heaven: an
15 Imperial Sacrificial Altar 1998 - (1) (i1) (iii) Beijing
in Beijing
16 Dazu Rock Carvings 1999 ® (i) (ii) (iii) Chonggqing
. . Beijing, Hebei,
Imperial Tombs of the Ming 2000; 2003; o gy eiey e . - .
17 and Qing Dynasties 2004 ® (1) (ii) (iii) [dv) (vi) Ll'aorung, Anhty,
Jiangsu, Hubei
Ancient Villages in Southern . 1 ooy s . .
18 Anhui-Xidi and Hongeun 2000 Xidi, Hongcun (iii) (iv) (v) Anhui Province
Mount Qingcheng and the ) s . Sichuan
19 Dujiangyan Irrigation System 2000 (i) (v) (vi) Province
20 Longmen Grottoes 2000 - (1) (i) (iii) Henan Province
21 Yungang Grottoes 2001 - (1) (ii) (iv) Shanxi Province
Capital Cities and Tombs Liaoning and
22 of the Ancient 2004 ® (i) (ii) (iii) @iv) (v) &

Koguryo Kingdom

Jilin Province
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Table 2. Cont.

Code  World Heritage Project Name Reg1s‘trat10n World Heritage Site Meet Criterion Province
Time or Area
Zone 1 (Between Mount
23 Historic Centre of Macao 2005 Hill and Barra Hill), Zone (ii) (iii) @v) (vi) Macao
2 (Guia Hill)
Palace and Royal
24 Yin Xu 2006 Ancestral Shrines Area, (ii) (iii) @v) (vi) Henan Province
Royal Tombs Area
- . . f\ einy s Guangdong
25 Kaiping Diaolou and Villages 2007 ® (ii) (iii) (iv) Province
26 Fujian Tulou 2008 ® (iii) (iv) (v) Fujian Province
27 Mount Wutai 2009 Taihuai, Foguang Temple (ii) (iii) (iv) (vi) Shanxi Province
Historic Monuments of
28 Dengfeng in “The Centre of 2010 ® (iii) (vi) Henan Province
Heaven and Earth”
West Lake Cultural o\ e Zhejiang
29 Landscape of Hangzhou 2011 ) (if) (i) (vi) Province
Inner Mongolia
30 Site of Xanadu 2012 - (ii) (iii) (iv) (vi) Autonomous
Region
Cultural Landscape of .
31 Honghe Hani Rice Terraces 2013 - (iii) (v) Yunnan Province
Silk Roads: the Routes China,
32 Network of Chang’an- 2014 ® (ii) (iii) (v) (vi) Kazakhstan,
Tianshan Corridor and Kyrgyzstan
Beijing, Tianjin,
o eeen e . Hebei, Shandong,
33 The Grand Canal 2014 (@) (1) (iii) (iv) (vi) Henan, Anhui,
Jiangsu, Zhejiang
. o o\ s Hunan, Hubei,
34 Tusi Sites 2015 ® (ii) (iii) Guizhou
Ningming and Longzhou
.. County rock art, Longhzou
35 Zuojiang FHuashan Rock Art 2016 County rock art, Jiangzhou (iif) (vi) Guangxi Province
Cultural Landscape o .
District, Fusui County
rock art
Kulangsu, a Historic o\ g . .
36 International Settlement 2017 - (ii) (iv) Fujian Province
Archaeological Ruins of foy Zhejiang
37 Liangzhu City 2019 ® (i) (iv) Province
Jiuzhaigou Valley Scenic ) " Sichuan
38 A and Historic Interest Area 1992 (vi) Province
c
= Walingyuan Scenic and .. .
39 E Historic Interest Area 1992 - (vii) Hunan Province
3 Huanglong Scenic and Sichuan
? uanglong Scenic an } " chua
40 Er‘ Historic Interest Area 1992 (vii) Province
aQ
m -
41 Three Parallel Rivers of 2003 - (vii) (viii) (ix) (x)  Yunnan Province

Yunnan Protected Areas
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Table 2. Cont.

Code  World Heritage Project Name Reg1s‘trat10n World Heritage Site Meet Criterion Province
Time or Area
Sichuan Giant Panda
4 San.ctua.nes—Wolor}g,. Mt 2006 _ (x) Slchgan
Siguniang and Jiajin Province
Mountains
Guizhou,
. . e s Guangxi,
43 South China Karst 2007;2014 ® (vii) (viii) Yunnan,
Chonggqing
Mount Sanqingshan " . . .
44 National Park 2008 - (vii) Jiangxi Province
Guangdong,
. . cen e Zhejiang,
45 China Danxia 2010 @) (vii) (viii) Jiangxi, Fujian,
Hunan, Guizhou
46 Chengjiang Fossil Site 2012 - (viii) Yunnan Province
. . e e Xinjiang
47 Xinjiang Tianshan 2013 ® (vii) (ix) Province
. .. Shennongding, . . .
48 Hubei Shennongjia 2016 . (ix) (x) Hubei Province
Laojunshan
. . . " Qinghai
49 Qinghai Hoh Xil 2017 (vii) (x) Province
. . Guizhou
50 Fanjingshan 2018 - Zhoukou dian x) .
Province
Migratory Bird Sanctuaries Migratory Bird Habitat in
the South of Yancheng,
along the Coast of Yellow . . . . .
51 . . 2019 Jiangsu, Migratory Bird (x) Jiangsu Province
Sea-Bohai Gulf of China ey
Habitat in the North of
(Phase I) .
Yancheng, Jiangsu
52 Mount Taishan 1987 - (1) (i) (iif) (iv) (v) Shandong
z (vi) (vii) Province
53 § Mount Huangshan 1990 - (i) (vii) (x) Anhui Province
T Mount Emei Scenic Area, Mount Emei Scenic Area,
54 %, including Leshan Giant 1996 Leshan Giant Buddha (iv) (vi) (x) Sichuan Province
& Buddha Scenic Area Scenic Area
[¢]
55 Mount Wuyi 1999 Mount Wuyi (Part 1), (iii) (vi) (vii) ()  Fujian Province

Mount Wuyi (Part 2)

Note: A series of heritage sites, () Dayan Old Town, Heilongtan Pool, Baisha Village, Shuhe Town. (@) The Humble
Administrator’s Garden, The Lingering Garden, The Master-of-Nets Garden, The Mountain Villa with Embracing
Beauty, The Canglang Pavilion, The Lion Forest Garden, The Garden of Cultivation, The Couple’s Retreat, The
Retreat and Reflection Garden. 3 Beishan Cliffside Carvings, Baodingshan Cliffside Carvings, Nanshan Cliffside
Carvings, Shizhuanshan Cliffside Carvings, Shimenshan Cliffside Carvings. (@ Xianling Tomb, Eastern Qing
Tombs, Western Qing Tombs, Ming Tombs, Xiaoling Tomb including area from Treasure Mound to Shenlieshan
Stele, including Plum Blossom Hill, and Big Golden Gate, Tomb of Chang Yuchun, Tomb of Qiu Cheng, Tomb of
Wu Liang, Tomb of Wu Zhen, Tomb of Xu Da, Tomb of Li Wenzhong, Yongling Tomb of the Qing Dynasty, Fuling
Tomb of the Qing Dynasty, Zhaoling Tomb of the Qing Dynasty. & Wunu Mountain City, Guonei City, Wandu
Mountain City, Ranmou Tomb and Huanwen Tomb, Changchuan Tomb No. 1, 2, 4. (® Yinglong Lou (at Sanmenli
Village), Zili Village and the Fang Clan Watch Tower, Majianlong Village Cluster, Jingjiangli Village. () Chuxi
Tulou Cluster, Hokgkeng Tulou Cluster, Gaobei Tulou Cluster, Yanxiang Lou, Zhenfu Lou, Tianloukeng Tulou
Cluster, Hekeng Tulou Cluster, Huaiyuan Lou, Hegui Lou, Dadi Tulou Cluster. (¢) Taishi Que Gates, Zhongue
Temple, Shaoshi Que Gates, Qimu Que Gates, Songye Temple Pagoda, Architectural Complex of Shaolin Temple
(Kernel Compound, Chuzu Temple, Pagoda Forest), Huishan Temple, Songyang Academy of Classical Learning,
Observatory. (© Site of Weiyang Palace in Chang’an City of the Western Han Dynasty, Site of Luoyang City
from the Eastern Han to Northern Wei Dynasty, Site of Daming Palace in Chang’an City of Tang Dynasty, Site of
Dingding Gate, Luoyang City of Sui and Tang Dynasties, Site of Qocho City, Site of Yar City, Site of Bashbaliq City,
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Site of Han’gu Pass of Han Dynasty in Xin’an County, Site of Shihao Section of Xiaohan Ancient Route, Site
of Suoyang City, Site of Xuanquan Posthouse, Site of Yumen Pass, Kizilgaha Beacon Tower, Kizil Cave-Temple
Complex, Subash Buddhist Ruins, Bingling Cave-Temple Complex, Maijishan Cave-Temple Complex, Bin County
Cave Temple, Great Wild Goose Pagoda, Small Wild Goose Pagoda, Xingjiaosi Pagodas, Tomb of Zhang Qian.
@ Site No. 160 of Hanjia Granary, Site of Huiloa Granary, Zhengzhou Section of Tongji Canal, Shangqgiu Nanguan
Section of Tongji Canal, Shangqiu Xiayi Section of Tongji Canal, Canal Site at Liuzi, Si County Section of Tongji
Canal, Hua County and Xun County Section of Wei Canal (Yongji Canal), Site of Liyang Granary, Qingkou
Complex, Site of Caoyun Governor’s Mansion, Yangzhou Section of Huaiyang Canal, Changzhou City Section
of Jiangnan Canal, Wuxi City Section of Jiangnan Canal, Suzhou Section of Jiangnan Canal, Jiaxing-Hangzhou
Section of Jiangnan Canal, Nanxun Section of Jiangnan Canal, Hangzhou Xiaoshan-Shaoxing Section of Zhedong
Canal, Shangyu-YuyaoSection of Zhedong Canal, Ningbo Section of Zhedong Canal, Ningbo Sanjiangkou, Old
Beijing City Section of Tonghui Canal, Tongzhou Section of Tonghui Canal, Sanchkou Section of Bei Canal and
Nana Canal in Tianjin, Cangzhou-Dezhou Section of Nan Canal, Linging Section of Huitong Canal, Yanggu
Section of Huitong Canal, Nanwang Complex, Weishan Section of Huitong Canal, Taierzhuang Section of Zhong
Canal, Suqgian Section of Zhong Canal. @ Site of Laosicheng Tusi Domain, Site of Tangya Tusi Domain, Site
of Hailongtun Tusi Fortress. @ Area of Yaoshan Site, Area of High-dam at the Mouth of the Valley, Area of
Low-dam on the Plain-Causeway in Front of the Mountains, Area of City Site. @3 Shilin Karst-Naigu Stone
Forest, Shilin Karst-‘Suogeyi Village’, Libo Karst-"Xiaogijong’, Libo Karst-"Dongduo’, Wulong Karst-Qingkou
Giant Doline (Tiankeng), Wulong Karst-Three Natural Bridges, Wulong Karst-Furong Cave, Guilin Karst-Putao
Fenling Karst Section, Guilin Karst-Lijiang Fengcong Karst Section, Shibing Karst, Jinfoshan Karst, Huanjiang
Karst. @ Chishui-West Section, Chishui-East Section, Taining-North Section, Taining-South Section, Langshan,
Danxiashan, Longhushan: Longhushan Section, Longhushan: Guifeng Section, Jianglangshan. @ Tomur, Kalajun-
Kuerdening, Bayinbuluke, Bogda.

3.2. Pattern and Correlation in Spatial Distribution of Chinese World Heritage Site

The research on China’s World Heritage started late, but the speed at which it pro-
gressed was fast. China’s World Heritage Sites now cover all types of World Heritage,
comprise a large number of sites, and have a relatively wide coverage area. In order to
explore the spatial structure of domestic World Heritage Sites, we explored the spatial
distribution structure. As shown in Figure 2, China’s World Heritage Sites are mainly dis-
tributed in the northwestern and southeastern regions of China. In the northwestern region
of China, World Heritage Sites are concentrated along the Tien Shan and Hexi Corridor.
Other areas exhibit scattered distributions. To explore the spatial dependence, correlation
and autocorrelation of the distribution of the World Heritage Sites, a Moran ‘s I of the global
spatial autocorrelation variable were used herein to assess the spatial distribution pattern.
Based on the tools of spatial analysis in ArcGIS software, the Moran” s I of Chinese World
Heritage Sites were calculated to have a value of 0.019 (p = 0.2). This indicates that there
is a weak spatial positive correlation in the spatial distribution of the heritage sites, but it
does not pass the significance level test; that is, the spatial correlation shown by the spatial
distribution location was not significant.

1000km

500

Gi_Bin

I Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
Cold Spot - 90% Confidence
Not Significant v
Hot Spot - 90% Confidence ¥ /
Hot Spot - 95% Confidence 2

I ot Spot - 99% Confidence e |

. 1 ol

Figure 2. Spatial distribution of the cold-hot spots of Chinese World Heritage Sites.

To further explore the local internal structure of the spatial distribution of Chinese
World Heritage Sites, the local spatial correlation index of Getis-Ord Gi* index was used,
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and its calculated results were visualized by the spatial analysis model of the ArcGIS
platform. The index of local Getis-Ord Gi* was classified into five types from high to low
using a natural fracture method, including hot spot, secondary hot spot, transition zone,
secondary cold spot, and cold spot areas. The results showed that the correlation pattern of
China’s World Heritage in space showed obvious regional differentiation (Figure 2). The
hot spots were mainly distributed in northwestern, central, and southeastern coast regions
in China. The regional spatial correlation effect was significant, forming a contiguous high
value area in Beijing-Tianjin—Hebei, Xi’an, Luoyang—Zhengzhou, Chongging, the Yangtze
River Delta, the Pearl River Delta, and northwest Hexi. In addition, the heritage sites of
the rest of the eastern monsoon area were distributed in scattered points, while heritage
sites are relatively rare in the northeast and the Qinghai-Tibet Plateau. With the continuous
increase in China’s applications for World Heritage Site recognition, however, these regions
show great potential for World Heritage work in the future.

3.3. Assessment of Internal Regional Accessibility

We acknowledge that local residents have been the most involved group in the reginal
World Heritage Sites. In this paper, the analysis of accessibility in the internal region has
been focused on the differentiation assessment of local accessibility in a prefecture-level
city. As shown in Figure 3a, the inter-regional accessibility of heritage sites in the eastern
region was good within one hour, resulting from a flat terrain, dense road network, and
developed transportation. However, there was a large difference in northwestern China in
terms of the inter-regional accessibility due to its geographical position and properties. For
example, some Word Heritage Sites of the Tien Shan Mountains are mainly concentrated in
high mountainous zones with bad roads. In addition, the accessibility of the Qinghai-Tibet
Plateau is also poor due to the poor transportation conditions in the plateau area. Based on
the statistic of time spent on heritage site accessibility, we found that 39.30% of heritage
sites could be reached within 0.5 h, 63.18% within 1 h, 88.56% within 2 h, and 93.03% within
3 h starting from the local city center (Figure 3b). Overall, most of the Word Heritage Sites
in China showed good accessibility with an average required time of 1.03 h.
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T T T T T

100
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Figure 3. Distribution of regional accessibility and time cost of World Heritage Sites in China. In
plots, (a) denotes inter-regional accessibility (IRA), i.e., the time cost of a city centre to a heritage site;
(b) denotes the number of world heritage sites with different time cost in China.

3.4. Assessment of Overall Accessibility

Outer-regional accessibility presents the average time it takes tourists to travel from
one city to another city with a World Heritage Site. It can reflect the convenience of the
national road network distribution and the location advantage of a region. As shown in
Figure 4a, the results showed that the outer-regional accessibility in the central region of
eastern China showed a good time with no more than 15 h. In this region, the accessibility
was significantly more convenient than other regions due to a plain terrain and dense
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traffic network. With an increase in distance and complexity of ground terrain in the west
and northeast, the accessibility of World Heritage generally declined. In the Tien Shan
Mountains of southwest China, especially, roads are bad, and its accessibility is not good.
120°E 130° E
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Figure 4. Spataial time-cost of Outer—Regional Accessibility (ORA) and Overall Accessibility (OA) of
China’s Heritage Sites in hours (H). In plots, (a) denotes the time cost of outer-regional accessibility
in space; (b) denotes the total time-cost of inter- and outer- regional accessibility in space.

To assess the overall accessibility of a World Heritage Site, inter-regional and outer-
regional accessibilities were comprehensively considered. In this paper, the total time spent
to travel from the inter-region and outer-region was defined as the overall accessibility. The
overall accessibility of a World Heritage Site was interpolated over all of China using a
method of spatial Kriging interpolation (Figure 4b). The overall accessibility in the middle
region was very good with a time cost within 20 h, especially in the central plain region
between the Yellow River and the Yangtze with a time cost of <15 h. The time of overall
accessibility to a World Heritage Site increased when moving from the central region of
China to the western and northeastern regions, ranging from <15 h to >40 h. Most regions
presented a high accessibility with a low time cost within 20 h, while several regions were
more than 30 h, such as Xinjiang and the Qinghai-Tibet Plateau. Regions covered by large
mountains were characterized by bad natural environments, poor road networks, under
population, etc. The overall accessibility of Chinese World Heritage Sites was high, with an
average time cost of 25.51 h.

4. Discussion
4.1. Evolution of World Heritage in China

There were discrepancies in the study of the development process of China’s World
Heritage Projects in different periods. The development process was divided into three
stages based on the protection and management of World Heritage Sites in China during the
period 1985-2012 [10,23,24]; beginning in 1985-1997, evolving in 1998-2003 and deepening
after 2004. Li and Wang [25] divided this period into four stages according to a percentage
of the number of sites out of the total; beginning in 1985-1997, evolution in 1998-2003,
deepening in 2004-2012 and steady development after 2012. Some researchers have also
divided them into three stages depending on the number of Chinese World Heritage
Projects from 1987 to 2014 [26,27]; beginning in 1987-1990, rapid development in 1991-2000
and stable development after 2001. Mu and Yu also divided them into three stages [21,28];
exploration in 1987-1989, transition in 1990-2002, and maturation in 2003-2018. These
differences were mainly caused by changes in the number and academic cognition of World
Heritage Projects in different periods. Although China’s World Heritage Projects were
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not listed in the World Heritage List before 1985, a large number of studies on World
Heritage were conducted, such as the work of nomination and field observations of World
Heritage in China. However, this exploratory work was not included in these studies of the
developmental phases. Most exploratory work before 1985, however, were not neglected.
Therefore, we divided them into four stages in this paper, i.e., exploratory before 1985,
evolution in 1986-1999, accelerated development in 2000-2003, and stable development
since 2004. Moreover, the Cairns Decision limited the number of new nominations to be
examined each year by the Committee. Furthermore, the number of nominations to be
submitted by each State Party was limited to one, except for those State Parties that had no
properties on the World Heritage List who would have the opportunity to propose two or
three nominations (https://whc.unesco.org/en/activities /590/ (accessed on 23 December
2021)) [28]. The development of World Heritage has progressed into a period with stable
and planned growth.

4.2. Spatial feature of World Heritage in China

With the development of World Heritage Projects and an increasing eagerness to
explore World Heritage Sites in China, research on the spatial characteristics of China’s
World Heritage Projects has increased [16,27]. The results in the literature were largely
consistent with our results (Figure 2). Most World Heritage Sites are distributed in the
middle of China, with this area accounting for significantly more sites than western or
northeastern China. We also found that the spatial correlation of the heritage sites was
not significant. In addition, the analysis of cold-hot spots showed that the hot spots were
mainly distributed in the central region, northwestern region, and east coast of China. In
these regions, the regional spatial correlation effect was significant and the high values
clustered together at Beijing-Tianjin-Hebei, Xi’an, Luoyang-Zhengzhou, Chongqing, the
Yangtze River Delta, the Pearl River Delta, and the Hexi Corridor. The other Chinese
regions with heritage sites are distributed in scattered points, and there are few heritage
projects in the northeastern region or the Qinghai-Tibet Plateau. Based on Chinese road
network data in 2016, the traffic road network density of China was calculated [21]. The
time cost was used to reveal the accessibility of Chinese World Heritage Sites in this work,
including the inter-regional, outer-regional, and overall accessibility. This method helped
us to understand the road accessibility in terms of World Heritage Sites, and the results
will be useful to tourists planning to travel to these sites.

4.3. Traffic Accessibility

It is widely accepted that traffic road accessibility is an important factor affecting
tourism [29-32]. Many tourists do not like to travel long distances, so the geography of the
location plays an important role in the factor considered by travel. Tourists like to choose
destinations that are easily accessible and do not require days of travelling. As such, the
assessment of internal regional accessibility is very important. Overall accessibility can
provide a key reference for those giving tourists with an enriching experience. Therefore, the
good traffic accessibility of China’s World Heritage Sites will help meet the challenges facing
tourism. It should also be noted that good accessibility does not fully inform the decision
of a tourist destination. The development of tourist destinations depends on several
factors, including its population, traffic accessibility, attractiveness, and topographical
characteristics. However, traffic accessibility is the primary condition for travel. Good
traffic accessibility suits the elderly, children, and staff with short holidays, all of whom
may desire to avoid physical discomfort during a journey.

5. Conclusions

Based on the dataset of China’s World Heritage Projects, we evaluated the spatio-
temporal characteristics and accessibility of the included heritage sites using a statistical
method and spatial analysis tools. By 2020, there were 55 World Heritage Projects in China,
including 37 Cultural Heritage Sites, 14 Natural Heritage Sites, and 4 Mixed (Double)
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Heritage Sites. The development of World Heritage in China can be divided into four stages:
exploratory before 1985, evolution in 1986-1999, accelerated development in 2000-2003,
and stable development since 2004. The global spatial correlation was not significant in
terms of the spatial distribution of the World Heritage Sites, while the regional spatial
correlation was very significant. Cold-hot spots analysis showed that the hot spots were
mainly distributed in the central and northwestern regions.

The average accessibility was 1.03 h, which showed a low time cost and generally
strong accessibility. In addition, the assessment of the overall accessibility indicated that
the average time cost of China’s World Heritage Sites was 25.51 h. The overall accessibility
of the central plain regions of China was very high, with a mean time cost of within 15 h,
which shows great potential for travel to World Heritage Sites in China. It was also noted
that the good traffic accessibility of a World Heritage Site as a tourism destination does
not completely determine a well-developed level of tourism, which may be suitable for
more people, such as the elderly, children, and travelers with shorter holidays. The traffic
accessibility results also had some limitations due to calculated under-assumptions of ideal
conditions such as traffic congestion, weather changes at destinations, and recommenda-
tions from friends and relatives. Therefore, the development of tourist destinations for
China’s World Heritage Sites should comprehensively consider tourist income, population,
geographical variables, and topographical characteristics.
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