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Abstract: A study of the accessibility of a city’s scenic spots via different travel modes can contribute to optimization of tourism-related 

transportation while improving tourists’ travel-related satisfaction levels and advancing tourism. We systematically analyzed the acces-

sibility of 56 scenic spots in Xi’an City, China, via car and public transport travel modes using the real-time travel function of the Baidu 

Maps API (Application Programming Interface) along with spatial analysis methods and the modal accessibility gap index of scenic 

spots. We obtained the following results. First, maximum and minimum travel times using public transport exceeded those using cars. 

Moreover, the accessibility of scenic spots via cars and public transport presented a circular spatial pattern of increasing travel time from 

the center to the periphery. Contrasting with travel by public transport, car travel showed a clear time-space compression effect. Second, 

accessibility of the scenic spots via cars and public transport showed some spatial heterogeneity, with no clear advantages of car acces-

sibility in the central urban area. However, advantages of car accessibility were increasingly evident moving from the center to the pe-

riphery. Third, whereas the correlation of the modal accessibility gap index of scenic spots in Xi’an with global space was significantly 

positive, local spatial interdependence was only evident in some inner city areas and in marginal areas. Moreover, spatial heterogeneity 

was evident in two regions but was insignificant in other areas, indicating that the spatial interdependence of the modal accessibility gap 

index in most scenic spots was not apparent in terms of the overall effect of public transport routes, road networks, and the distribution 

of scenic spots. The improvement of public transport coverage in marginal areas and the optimization of public transport routes in cen-

tral urban areas are essential tasks for improving travel using public transport in the future. 
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1  Introduction 

Access to convenient transportation is not only a neces-
sary condition for the development of tourism resources 
and tourist destinations but also an important measure of 
tourism development within a country or region (Bao 

and Chu, 2012). Tourism essentially concerns travel. 
Transportation provides tourists with the mobility to 
travel to different places, and accessibility is a key index 
for measuring traffic convenience and enabling tourists 
to travel. The accessibility of scenic spots is an impor-
tant aspect of the spatial characteristics of a scenic spot 
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(Uchiyama and Kohsaka, 2016) that influences evalua-
tions of their resources, their selection by tourists as 
destination choices, and tourists’ activities at these des-
tinations. A study that explores these issues can advance 
understanding of an affected area of a scenic spot.  

Accessibility was first proposed by Hansen in 1959. 
It was defined as the potential of interaction (Hansen, 
1959), which essentially means the degree of conven-
ience entailed in getting from one place to another 
(Johnston, 2004). It can also be measured in terms of the 
time, cost, and effort incurred in travel from the starting 
point to the destination (Ingram, 1971). Accessibility is 
widely used within transportation planning, urban plan-
ning, and geography and plays an important role in pol-
icy making. In recent years, there has been growing 
scholarly interest in the accessibility of scenic spots. 
International studies have mainly focused on measuring 
the accessibility of scenic spots in relation to tourism 
development. Bifulco and Leone (2014) built an ana-
lytical model that they used to compute appropriate ac-
cessibility indexes for the Campania region in southern 
Italy. The constructed model enabled them to determine 
accessibility to touristic activities within different zones 
of a touristic region, including cultural heritage, natural 
assets, swimming, eating and drinking, and leisure as 
well as their relative importance.  

Alkahtani et al. (2015) showed that measurements of 
the accessibility of scenic spots not only encompass 
general factors, for example, social population variables 
and distance but they also include available facilities 
within scenic spots, scenic spot management, and opera-
tional aspects (functions) and mobile infrastructure 
connecting scenic spots (network connection). Hooper 
(2015) constructed a tourism accessibility model for 
Seoul to determine the degree of accessibility of this 
destination to different types of tourists from various 
countries, with a particular focus on the impacts of the 
distance from the destination. Uchiyama and Kohsaka 
(2016) conducted a survey of Japan’s Noto region to 
examine the cognitive values of different types of tour-
ism resources located at different distances and their 
relationship to accessibility. The relationship between 
cognitive value and the accessibility of tourism re-
sources presented a U-shaped curve, with the negative 
linear function associated with a decreasing relationship 
and the absence of a clear linear or nonlinear relation-
ship. A study by Gaman and Răcăşan (2016) revealed 

that the traffic accessibility and development of various 
Romanian health resorts depends entirely on health fac-
tors and on the region’s historical environment, with 
traffic accessibility having little impact on the flow of 
tourists to Romanian health resorts. Tóth and Dávid 
(2010) did not find absolute connection between the 
improvement of accessibility and the increase of in-
comes. International tourism incomes are far more sus-
ceptible to favourable accessibility than domestic ones. 

Studies in China have applied different methods for 
analyzing and measuring the accessibility of scenic 
spots at different scales and have examined the spatial 
patterns of their accessibility along with influencing 
factors and their impacts on tourism. At the national 
scale, Pan and Li (2014) analyzed the accessibility of 
2424 A-grade tourist attractions in China through an 
examination of their spatial distribution using GIS 
technology. Their findings clearly revealed traffic direc-
tivity. Pan and Cong (2014) developed a classification 
system for China’s tourism at regional levels using the 
geographical locations and traffic accessibility of scenic 
spots and based on calculations of the scope of their 
respective service areas. Cao et al. (2012) conducted a 
comprehensive study in which they applied data envel-
opment analysis and the constant elasticity of substitu-
tion production function to calculate the internal corre-
lation between the tourism efficiency of national sites of 
scenic and historical interest and their accessibility. The 
overall efficiency of tourism increased at a certain 
threshold level of regional accessibility along with pro-
duction factors. Jiang et al. (2014) conducted a quantita-
tive analysis of the influence of high-speed railway con-
struction on the accessibility of tourists’ places of origin 
in relation to their destinations at the national scale. Cit-
ies and scenic spots located along high-speed railway 
routes are the main beneficiaries of the network effect of 
high-speed railway, with high-speed railway services 
bringing about a time-space compression effect.  

At the regional scale, Sun et al. (2017) used a vector 
road traffic network to measure differences in the acces-
sibility of A-grade scenic spots and star-rated hotels in 
Hubei Province, China. They found that whereas overall 
accessibility was good, there were clear regional differ-
ences, with accessibility presenting a strong agglomera-
tion pattern. In light of their estimation of the regional 
accessibility of scenic spots and their hinterlands in the 
Yangtze River Delta, Jin and Huang (2012) developed a 
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grading system for tourism regionalization. Qin et al. 
(2015) calculated the accessibility of 123 scenic spots in 
Xinjiang, categorized at grades AAA and above, using the 
road resistance function and added factors, such as 
freight, transportation costs, and actual speeds. In an il-
lustrative case study of the transboundary tourism area of 
Dabie Mountain, Yang et al. (2013) measured the acces-
sibility of scenic spots influenced by different modes of 
transportation. Their findings indicated that high-speed 
and ordinary railway, expressways, and universal trans-
portation had different influences on this tourism area as a 
whole and on particular parts of it. Guo et al. (2016) ex-
amined the characteristics of the passenger flow distribu-
tion in the era of high-speed railway and associated 
changes through a study of changes in the accessibility of 
tourist attractions in northeastern cities located along 
high-speed railway routes that have promoted the devel-
opment of short- term tourism. 

At the local scale, Jin et al. (2009) applied the short-
est time-path selection algorithm to calculate and ana-
lyze accessibility data for tourist attractions in the city 
of Nanjing in light of the city’s highway network struc-
ture. Zhang et al. (2015) employed spatial syntax, kernel 
density estimation, and buffer analysis in a comprehen-
sive study aimed at quantitatively evaluating the acces-
sibility of tourist attractions in Wuhan from the perspec-
tives of global, local, and perceived accessibility. 

Existing studies that have entailed calculations of ac-
cessibility have mainly focused on road network simula-
tions and real-time traffic travel times. Buffer analysis 
along with the minimum distance, travel cost, and at-
tractiveness index methods are the primary methods 
used in studies focusing on road network simulations 
(Zhong et al., 2011). In recent years, the Baidu intelli-
gent travel service has emerged as a technological tool 
that provides users with real-time access to traffic and 
travel information. This includes real-time route plan-
ning and navigation of road conditions as well as travel 
times and route plans for different modes of transporta-
tion, such as self-driven cars, public transport (bus and 
metro), walking, and cycling. The Baidu Map API (Ap-
plication Programming Interface) automatically collects 
data on road conditions. Li and Wang (2012) used this 
API’s automatic ranging and time measuring functions 
to analyze the mechanism and degree of influence of 
urban low-carbon public transport on the accessibility of 
tourist attractions. The study’s findings indicated that 

the use of publicly accessible bicycles in urban areas 
can effectively increase the accessibility of urban tourist 
attractions. Huang et al. (2018) used the Gaode map API 
to obtain the shortest transit times for various modes of 
transportation. They subsequently analyzed the temporal 
and spatial accessibility of urban parks in the district of 
Guangzhou Haizhu using the gravity model and a com-
bination of data on transit times and WeChat heat data. 

Comparative studies conducted on accessibility gaps 
relating to different modes of transportation have fo-
cused on residents’ intra-city travel. In most urban areas 
of the United States and Europe, cars have better acces-
sibility than public transport (Levinson, 1998; Shen, 
2001; Hess, 2005; Kawabata and Shen, 2007; Silva and 
Pinho, 2010). By contrast, public transport has better 
accessibility than cars in Hong Kong (Kwok and Yeh, 
2004). Salonen and Toivonen (2013), who calculated 
travel times using cars and public transport in the 
Greater Helsinki Area, found that differences in the ac-
cessibility of the urban center via these two modes of 
transport were less than differences for the suburbs. 
Yang et al. (2017), who conducted a study of Guang-
zhou’s accessibility via cars and public transport, simi-
larly found that accessibility was greater in the case of 
car travel, and the difference in accessibility in the cen-
tral area was less than it was in the suburbs. Moreover, 
the distance to the urban public center, the land use mix, 
and the densities of the resident populations, bus sta-
tions, subway stations, and road networks all influenced 
the modal transport accessibility gaps. Kawabata (2009), 
who conducted a study of Boston and San Francisco, 
concluded that most areas in the city center and near 
railway stations showed a decrease in differences in ac-
cessibility while suburban areas located near major 
highways showed an increase in these differences. 

In sum, comprehensive studies have been conducted 
in China and elsewhere on the accessibility of tourist 
attractions that have contributed valuable insights on the 
measurement of scenic spots’ accessibility and their spa-
tial patterns. However, most of these studies have fo-
cused on the regional scale and on single-way traffic 
accessibility. Few studies have focused on the urban 
scale or on multi-modal accessibility and differences 
relating to urban attractions. A large proportion of travel 
in tourist city destinations comprises tourists’ travel 
within these destinations. Consequently, promoting 
green travel through the use of public transport among 
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tourists is an important consideration. At the same time, 
modal accessibility gaps influence individuals’ trans-
portation choice behavior (Burns and Golob, 1976).  

Therefore, a study of differences in accessibility us-
ing different means of transport in urban areas would 
yield valuable insights for optimizing traffic networks 
and enhancing tourists’ green travel. Accordingly, con-
sidering Xi’an, a popular urban tourist destination, as 
our case study, we investigated A-grade tourist scenic 
spots using Baidu intelligent travel service data. Spe-
cifically, we applied an accurate path matching time 
algorithm, GIS spatial analysis, and the scenic spot mo-
dal accessibility gap index to analyze differences in 
space performance relating to the accessibility of scenic 
spots via cars and public transport. In doing so, we aimed 
to provide a theoretical basis for the optimization of spa-
tial patterns and modes of traffic related to tourism. 

2  Study Area and Targeted Scenic Spots 

Xi’an is China’s most popular touristic city destination 
with the best international image among Chinese cities. 
Currently, construction in Xi’an, aimed at creating a 
first-class international tourist destination and achieving 
the rank of the ‘Oriental Cultural Tourism Capital of the 
World’ is proceeding at a fast pace. In 2016, this city 

hosted 150 million domestic and overseas tourists, who 
collectively generated revenue amounting to 120 billion 
yuan RMB (Yang and Zhang, 2016). In 2017, the num-
ber of tourists received in Xi’an reached 180 million, 
with tourism revenue rising to 163.3 billion yuan (China 
Industry Information Network, 2018). At present, 11 
zones are under Xi’an’s jurisdiction: Xincheng, Beilin, 
Lianhu, Yanta, Weiyang, Baqiao, Yanliang, Lintong, 
Chang’an, Gaoling, and Huyi. Xixian, which is a new 
district, is also being administered by Xi’an’s authori-
ties. Therefore, we selected all A-grade scenic spots un-
der the jurisdiction of Xi’an as well as those located in 
the section of Xixian that falls within Xi’an. Thus, the 
study covered a total of 56 scenic spots, which were 
primarily historical and cultural sites and natural land-
scapes (Table 1).  

Figure1 shows the locations of the scenic spots. Chan-
gan has the largest number of scenic spots (12), followed 
by the districts of Yanta (10), Huyi (8), Baqiao (6), Lin-
tong (5), Weiyang (4), Beilin, Gaoling, Lianhu, and 
Xixian New District (2 in each district) while numbers of 
scenic spots were lowest in the districts of Xincheng, 
Yanliang, and Beilin/Lianhu (1 in each district). The 
Xi’an City Wall scenic spot is shared by the districts of 
Beilin and Lianhu. The 5-A grade scenic spots were con-
fined to Lintong District (2) and Yanta District (1). 

 
 

Table 1  Scenic spots of grade A and above in urban area of Xi’an, China in 2018 

No. Scenic spot Location Grade  Scenic spot Location Grade 

1 Emperor Qinshihuang’s Mausoleum 
(Museum Site) 

Lintong District 5A 29 Xi’an Xiangyu Forest Park Chang’an District 3A 

2 Huaqing Palace Lintong District 5A 30 Xi’an Changning Palace Leisure Villa Chang’an District 3A 

3 Xi’an Big Wild Goose Pagoda-Tang 
Paradise Garden Scenic Spot 

Yanta District 
 

5A 31 Xi’an Guangren Temple Lianhu District 
 

3A 

4 Xi’an Beilin Museum Beilin District 4A 32 Xi’an Yanliang Aviation Science and 
Technology Museum 

Yanliang District 3A 

5 Shaanxi History Museum Yanta District 4A 33 Yang Hucheng General’s Cemetery Chang’an District 3A 

6 Xi’an Circumvallation Tourist Attrac-
tion 

Beilin Dis-
trict/Lianhu District

4A 34 Xi’an Gaoling Rare Stone Museum Gaoling District 3A 

7 Cuihua Mountain Landslide National 
Park 

Chang’an District 4A 35 Zhongkui Folk Culture Tourism Scenic 
Spot 

Huyi District 3A 

8 Qujiang Polar Ocean Park Yanta District 
 

4A 36 Hu County Mountain Wanhua Chaoyang 
Scenic Area 

Huyi District 3A 

9 Shaanxi Tai Ping National Forest Park Huyi District 4A 37 Xi’an Qinglong Temple Site Scenic Area Yanta District 
 

3A 

10 Xi’an Qinling Wildlife Zoo Chang’an District 4A 38 Xi’an Daqin Hot Spring Scenic Spot Weiyang District 3A 

11 Tang West Market Culture Scenic 
Area 

Lianhu District 
 

4A 39 Xi’an Dahan Shanglinyuan (Du Tomb) 
Ecological Scenic Area 

Yanta District 
 

3A 

12 Xi'an Guanzhong Folk Art Museum Chang’an District 4A 40 Baqiao Ecological Wetland Park Baqiao District 3A 
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Continuing Table 

 Scenic spot Location Grade  Scenic spot Location Grade 

13 Xi’an Banpo Museum Baqiao District 4A 41 Chang’an Mountain Wanhua Scenic 
Area 

Chang’an District 3A 

14 Xi’an Museum (Small Goose Pagoda) Baqiao District 4A 42 Feng Dong Feng River Ecological Sce-
nic Area 

Xixian New Dis-
trict 

3A 

15 Daming Palace National Herritage 
Park 

Weiyang District 4A 43 Xi’an Bailuyuan Grape Theme Park Baqiao District 3A 

16 Xi’an Expo Park Baqiao District 4A 44 Xi’an Guangxinyuan Ethnic Village Chang’an District 3A 

17 Xi’an Hancheng Lake National Tourist 
Attraction 

Weiyang District 4A 45 Xi’an Shiyang Farm Ecological Leisure 
Tourism Park 

Yanta District 
 

3A 

18 Xi’an Chan Ba National Wetland Park Weiyang District 4A 46 Xi’an Huanan City Scenic Area Baqiao District 3A 

19 Xi’an Fengdong Modern Urban Agri-
culture Expo Garden 

Xixian New District 4A 47 Xi’an Taohuatan Scenic Area Baqiao District 3A 

20 Xi’an Golden Dragon Gorge Scenic 
Spot 

Huyi District 4A 48 Xi’an Gaoling Farmside Farming Cul-
ture Ecological Tourism Industrial Park 

Gaoling District 3A 

21 Xi’an Zhuque National Forest Park Huyi District 4A 49 Jia Pingwa Cultural Museum of Art Lintong District 3A 

22 Shaanxi Natural Museum Yanta District 
 

4A 50 Heritage Park of Qin Er Shi Mausoleum Yanta District 
 

3A 

23 Caotang Temple Huyi District 3A 51 Qinling 9-Dragon Pool Tourist Resort Chang’an District 2A 

24 Lintong Museum of China Lintong District 3A 52 Xi’an Lianzhutan Scenic Area Chang’an District 2A 

25 China Xi’an Da Xing Shan Temple Yanta District 
 

3A 53 Jingye Temple Longtan Water Scenic 
Area 

Chang’an District 2A 

26 Shanxi Qinling Dabagou Scenic Spot Chang’an District 3A 54 Xi’an Green Leaf Manor Yanta District 2A 

27 Hu County Chongyang Palace Huyi District 3A 55 Yili Group Xi’an Industrial Park Lintong District 2A 

28 Eighth Route Army Xi’an Office 
Memorial Hall 

Xincheng District 3A 56 Hu County Jiuhua Mountain Auntie 
Spring Peony Garden Scenic Area 

Huyi District 2A 

   

 

Fig. 1  Locations of Xi’an City and A-grade scenic spots in urban area of Xi’an, China 
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Xi’an’s road network is shaped like a checkerboard, 
with a road pattern comprising one high road (an 
east-west viaduct), one winding road (circling the city), 
two axial roads (the East-West Fifth Road and the 
North-South Avenue), and three ring roads (the first, 
second, and third ring roads). In 2016, the length of the 
city’s road network was 3435 km, covering an area of 
79.9 km2. In the same year, there were 7829 public 
transport vehicles in operation in Xi’an, plying 270 
routes covering 6145.6 km (Xi’an Local Chronicle Of-
fice, 2017). Further, the city’s daily volume of taxi pas-
sengers was 1.46 million, with a total number of 12 435 
urban taxi units and a daily average of 44 completed 
cycles. The mileage of rail transit increased to 91 km, 
with an average daily flow of 1.5 million passengers 
across the entire network. By the end of 2017, the city’s 
road network density was 5.49 km/km2, ranking 22nd in 
the country (Xi’an Local Chronicle Office, 2018). 

3  Data and Methods 

3.1  Data collection 
The vector data used in this study included the adminis-
trative boundaries of road and street network of Xi’an. 
The road network data were collected from the global 
Open Street Map database for the year 2015, and the 
remaining vector data were obtained from the Xi’an 
Planning Bureau. To obtain accurate travel times to the 
scenic spots, we used the ArcGIS 10.1 software to di-
vide the study area into 8874 grids, each of which also 
constituted the starting point (O), with each of the 56 
scenic spots (depicted as points) being an end point (D). 
The spatial locations of O and D points were automati-
cally matched by the Baidu API. Accordingly, the re-
spective car and public transport travel times were 
automatically obtained through the Baidu API’s path 
recognition function obtained for 496 944 O-D pairs. 
Contrasted with the conventional method used to calcu-
late the passage of time during travel through the road 
network, the Baidu API is able to account for factors 
such as the road speed, road congestion, and walking 
time, thereby eliciting data that are more accurate. The 
data can reflect the accessibility and gaps for different 
transport modes more accurately, leading to a reduction 
of the algorithm error associated with the traditional road 
network. All data were collected from Monday to Friday 
of each week day in November 2018. Weekend data were 

excluded because of the variable traffic conditions. 

3.2  Accessibility index of different transport 
modes for the scenic spots 
3.2.1  Grid point-scenic spot accessibility 
Grid point-scenic spot accessibility denotes the accessi-
bility of the scenic spot from the grid center points and 
was calculated using the following equations: 

Min( )c c
i j ijA M T  (1) 

Min( )p p
i j ijA M T  (2) 

where, c
ijT and p

ijT  respectively denote the time taken 

to reach the scenic spot (j) from any point in area (i) 
using cars and public transport as modes of travel; Mj 
denotes the weight of the scenic spot. Because this study 
only examined the accessibility of tourist attractions, the 

weight was set at a value of 1. c
iA  and p

iA  respec-

tively denote the accessibility of scenic spots via cars 
and public transport used as the modes of travel.  
3.2.2  Average accessibility of grid point-scenic spots 
The formulas used for calculating the average accessi-
bility of a grid point-scenic spots, which denotes the 
average accessibility of a grid point to all scenic spots, 
were as follows:  

1

/
n

c c
iA A n   (3) 

1

/
n

p p
iA A n  (4) 

where n is the number of scenic spots, and n = 56 in this 
study. Ac and Ap respectively denote the average acces-
sibility of grid point-scenic spots via cars and public 
transport. 

3.3  A model of differences in accessibility of scenic 
spots using different modes of transport 

p c p c
ij ij ij ij ijTG T T T T     (5) 

1

n

ij
j

MAG TG n


    (6) 

where TGij denotes the time difference entailed in travel 
to scenic spot j from any point i within the area by pub-
lic transport and by car, with values ranging from –1 to 
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1. If TGij = 0, then the travel times for public transport 
and car travel are the same. If –1< TGij < 0, then the 
travel time for public transport is less than that for car 
travel, indicating greater accessibility of j via public 
transport. If 1 > TGij > 0, then the travel time using pub-
lic transport exceeds that using a car, indicating greater 
accessibility of j using a car as the travel mode. MAG 

denotes the transport modal accessibility gap for the 
departure point i within the area, with values ranging 
from –1 to 1. In this study, the starting point i comprised 
8874 grid centers. Destination j comprised the 56 
A-grade scenic spots, and n denotes the number of des-
tinations. 

3.4  Spatial autocorrelations of transport modal 
accessibility gaps in scenic spots 
Spatial autocorrelation analyses were performed using 
Global Space Moran’s I and Local Moran’s I (Moran, 
1948; Anselin, 1995; Lv and Cao, 2010). Global Space 
Moran’s I was used to determine whether there was spa-
tial interdependence and autocorrelation of the modal 
accessibility gap index in scenic spots of Xi’an. 

1 1

2

1 1

( )( )
,

Global Moran s

n n

ij i j
i j

n n

ij
i j

W T T T T

I

S W

 

 

 





 

2
2

1 1

1 1n n

i i
i i

S T T
n n 

 
  

 
    (7) 

The Z-test was performed to assess the significance 
of Global Moran’s I. Local Moran’s I, which is an in-
dicator of local spatial correlation, was applied to 
measure whether autocorrelation (the local indicator of 
spatial association (LISA)) occurred in neighboring 
spaces. For each basic spatial unit i, LISA was calcu-
lated as follows: 

2
, 1

( ),
Local Moran s ( )

n
i

i ij j
i j

T T
I W T T

S 


   (8) 

in Eqs. (7) and (8), n denotes the number of spatial 
units, Ti and Tj are the observed values, and T denotes                                                          
the average value of Ti. Wij denotes the spatial                                                    
connection matrix of spatial element i and the spatial 
element j (i, j = 1, 2, 3, ..., n) within the scope of the                                                          
study. The spatial connection matrix used in this study 

was the adjacency matrix, that is, 1 and 0 represented 
the adjacent relation between i and j, 1 represented the 
adjacent relation between i and j, and 0 represented their 
non-adjacent relation. Wij = 0 constituted the 
n-dimensional matrix w (n, n). The Z-test was performed 
to assess the significance of Local Moran’s Ii.  

4  Results and Discussion 

4.1  The distribution characteristics and spatial 
differences of scenic spot accessibility via cars  
Seven time periods, entailing 20-min intervals, were 
defined to measure the accessibility of scenic spots via 
cars. The spatial distribution and cumulative frequencies 
for these seven time periods were subsequently calcu-
lated (Fig. 2). The accessibility of scenic spots within a 
period of 80 min via car travel applied to 85.78% of the 
total area, with a time period of 40 min for accessibility 
via car travel only applying to 8.01% of the total area. 
The most widely distributed time period in relation to 
the spatial distribution frequency was 60 min, account-
ing for 37.07% of the total area. The second most 
widely distributed time period was 80 min, which ac-
counted for 30.03% of the total area. The distribution 
areas that were least accessible via car travel were nar-
rower, with only 0.01% of the total area being accessible 
by car over 120 min. The area proportions of car 
accessibility in 0–20, 20–40, 80–100 and 100–120 min 
were relatively small and their respective differences 
(3.65%, 9.69%, 12.90%, and 8.42%) were insignificant. 
For the cumulative frequency, accessibility via car travel 
increased for a time period of within 120 min and subse-
quently showed a horizontal trend, indicating that the 
accessibility of the scenic spot through car travel was 
mostly within a time period of 120 min. In other words, 
the average time taken to reach the 56 A-grade scenic 
spots from any point within the study areas was gener-
ally under 120 min. The overall trend for the distribution 
frequency presented an inverted U-shaped distribution 
structure. With an increase in time, the distribution fre-
quency first rose and then declined, with the rise occur-
ring more rapidly than the fall. As Fig. 3 shows, there 
were spatial differences in the accessibility of scenic 
spots via car travel. The overall trend for the structure of 
circle layer was that of a gradual increase in the average 
time of car travel moving from the inside to the outside 
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of the circle. The fastest period of expansion of the traf-
fic circle for cars was 40–80 min, whereas the short cir-
cle for cars expanded more slowly in less than 40 min. 
The most accessible areas for travel by car were 
Xincheng and Beilin Districts, followed by Yanta Dis-
trict, parts of Baqiao District, which is adjacent to 
Xincheng District, and then Lianhu District, most of 
Baqiao District, and the districts of Weiyang, Lintong, 
Xixian, Changan, and Huyi, with the peripheral region 
evidencing poor accessibility using cars as the travel 
mode. 

 

Fig. 2  The accessibility of scenic spots reached via cars in ur-
ban area of Xi’an, China 

 

Fig. 3  The spatial pattern of accessibility of scenic spots via 
cars in urban area of Xi’an, China  

4.2  The distribution characteristics and spatial 
differences in scenic spot accessibility via public 
transport 
The accessibility of scenic spots was categorized into 31 
time periods based on 20-min intervals. The spatial dis-
tribution and cumulative frequencies were calculated for 
the 31 time periods. As Fig. 4 shows, 90.52% of the sce-
nic spots were accessible via public transport within 300 
min, whereas only 1.64% and 0.29% of the total area 
were accessible by public transport within 80 and 40 
min, respectively. The most extensive spatial distri-
bution frequency for each temporal interval was 
140–160 min, which accounted for 12.54% of the total 
area, followed by a frequency of 120–140 min, ac-
counting for 11.16% of the total area. On the whole, the 
scenic areas that were accessible via public transport 
increased gradually, but changes in accessibility were 
significant. In terms of cumulative frequency, accessi-
bility via public transport increased gradually within a 
time period of 360 min, subsequently tending to remain 
horizontal, which implied that the scenic spot was gen-
erally accessible via public transport within 360 min. In 
other words, the time taken to reach the 56 A-grade sce-
nic spots from any point in the study area was mostly 
within 360 min.  

As Fig. 4 shows, the distribution frequency presented 
an inverted U-shaped distribution structure. With an 
increase in time, the distribution frequency first rose and 
then fell, with the increase being greater than the de-
crease, which fluctuated somewhat. As Fig. 5 shows, the 
spatial pattern of accessibility via public transport was 
the same as that for accessibility via cars, revealing a 
structure of circle layer with reduced accessibility mov-
ing from the inside to the outside, and a gradually in-
crease in public transport travel time moving from the 
center to the periphery. The public transport transit cir-
cle of 100–140 min demonstrated the fastest expansion, 
whereas the public transport short-time circle for other 
periods expanded more slowly. Accessibility via public 
transport was relatively better for the following districts: 
Lianhu; Xincheng; Beilin; Yanta; the western part of 
Baqiao District, which is adjacent to the inner city area; 
the southern part of Weiyang District; the northern part 
of Changan District; and the southeastern part of Xixian 
New District. The average time taken to reach these ar-
eas using public transport was up to 120 min, and the  
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Fig. 4  Scenic spot accessibility via public transport in urban 
area of Xi’an, China  

 

Fig. 5  The spatial pattern of accessibility of scenic spots via 
public transport in urban area of Xi’an, China 

 

accessibility distribution structure was one of radial dis-
tribution of public transport lines, with areas where pub-
lic transport lines were densely distributed being more 
accessible than those where the distribution was less 
dense. Districts located in the outer periphery, namely 
Huyi, Chang’an, Lintong, Yanliang, Gaoling, and Xixian 
New District were the least accessible via public trans-
port, with travel times of over 300 min. 

4.3  The spatial pattern of modal accessibility gaps 
in Xi’an’s scenic spots 
As depicted in Fig. 3 and Fig. 5, the travel times to the 
scenic areas via cars and public transport were less than 
those for scenic areas located in the periphery. These 

figures show that the minimum time (21 min) and the 
maximum time (600 min) taken to reach a scenic spot 
via public transport both exceeded the minimum (3 min) 
and maximum (131 min) times taken to reach it via car 
travel. The number of hierarchical distribution of public 
transport travel time in the scenic spot was greater than 
that for car travel time to the scenic spot, indicating that 
the overall spatial difference of central and peripheral 
scenic spot accessibility via public transport was greater 
than that for car travel to the scenic spot. However, for 
the same time interval, the area of scenic spots accessi-
ble via public transport was much less than the area ac-
cessible via cars. For example, for the 100–120 min 
category, the areas accessible via public transport and 
cars were 364.77 km2 and 484.44 km2, respectively. The 
area accessible by car was 1.33 times that of the area 
accessible via public transport, and the gap between ac-
cessibility via cars and public transport for this period 
was the smallest at the same time intervals. 

As shown in Fig. 6 and Fig. 7, the MAG value ranged 
between 0 and 1, indicating that the travel time to scenic 
spots throughout Xi’an using public transport was greater 
than the travel time using cars, suggesting that scenic 
spots were more accessible via cars. Fig. 6 shows the re-
sults calculated for the spatial distribution and cumulative 
frequencies of MAG values. The widest distribution of 
values relating to the spatial distribution frequency of 
each MAG value ranged between 0.45 and 0.50, account-
ing for 26.69% of the total area. The second widest value 
distribution ranged between 0.50 and 0.55, accounting for 
26.22% of the total area. Scenic areas demonstrating large 
and small differences in accessibility for different modes 
of transport accounted for a small proportion of the total 
area, whereas areas with the largest difference, ranging 
between 0.60 and 0.65, accounted for 4.62%, and the area 
with a small difference of 0.25 in MAG values accounted 
for 3.92% of the total area. Most of the area (96.62%) 
was within a MAG value range up to 0.60, and areas with 
significant differences in accessibility relating to different 
modes of transport were widely distributed. As depicted 
in Fig. 6, the distribution frequency presented an inverted 
U-shaped distribution structure, which first increased and 
then decreased with an increase of time, with the increase 
being greater than the decrease. While the structure was 
essentially a center-edge structure, the spatial layouts of 
MAG values evidently differed. The overall difference in 
MAG values in the southern part of urban Xi’an was less 
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than it was in the north, and the MAG value in the central 
urban area was generally the smallest, distributed within 
the districts of Lianhu, Xincheng, and Beilin. The MAG 
values were higher in marginal areas in the southwestern 
part of Huyi District, the southeastern part of Chang’an 
District, and in parts of Lintong, Yanliang, Gaoling Dis-
tricts and in Xixian New District, evidencing an increase 
from 0.0128 to 0.6105. Thus, while there was little dif-
ference in the accessibility of scenic areas in central urban 
areas via public transport and cars, there were significant 
differences in the accessibility of scenic spots in periph-
eral areas using these two modes of transport. Therefore, 
travel using public transport can be considered in central 
urban areas, whereas car trips are a preferred option for 
peripheral and marginal areas. 

 

Fig. 6  Modal accessibility gaps (MAG) for scenic spots in urban 
area of Xi’an, China 

 

Fig. 7  The spatial pattern of modal accessibility gaps (MAG) in 
urban area of Xi’an, China 

 

4.4  Spatial clustering of the modal accessibility 
gap index 
Figure 8 shows the results of the global autocorrelation 
analysis. Moran’s I index was 0.8696, the z-score was 
12.2404, and the P-value was below 0.005. The modal 
accessibility gap index for scenic spots in Xi’an evi-
denced a significant positive global spatial correlation. 
That is, there were similarities in modal accessibility 
gaps among the adjacent regions in the spatial distribu-
tion. Local autocorrelation analysis, clustering, and out-
lier analysis were used to identify high and low levels of 
spatial clustering and spatial outliers and statistically 
significant differences in the accessibility of scenic spots 
in Xi’an via different travel modes. High-high value 
clustering (H-H), low-low value clustering (L-L) and 
low-high outliers (L-H) were obtained. As shown in 
Fig. 9, L-L value clustering was mainly distributed in 
Lianhu, Xincheng, and Beilin Districts while H-H value 
clustering was mainly distributed in marginal areas of 
Xi’an, namely the western part of the Xianyang section 
of Xixian New District, Yanliang District, the northern 
and southeastern parts of Lintong District, the south-
eastern part of Chang'an District, and the western part of 
Huyi District. Abnormal low and high values were ob-
tained for Baqiao District and for part of the Xi’an sec-
tion of Xixian New District. In other areas, the local 
spatial autocorrelation of the modal accessibility gap 
index was not significant. 

 

Fig. 8  A Moran scatter diagram of the modal accessibility gap 
(MAG) index for scenic spots in urban area of Xi’an, China 
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Fig. 9  Spatial autocorrelation of the modal accessibility gap 
index for scenic sports in urban area of Xi’an, China. H-H, 
high-high value clustering; L-L, low-low value clustering; L-H, 
low-high outliers  

 

5  Discussion 

A systematic analysis of the accessibility and modal 
differences of scenic spots in Xi’an was conducted using 
the real-time travel function of the Baidu Map API in 
relation to two travel modes: cars and public transport. 
Accessibility of scenic spots via both cars and public 
transport evidenced a spatial pattern of increasing travel 
time from the center to the periphery. Of the total area 
covered in the study, 85.78% was accessible via cars 
within an 80-min period, whereas only 1.64% of the 
total area was accessible via public transport within the 
same period. Accessibility via public transport in 
90.52% of the total area was within 300 minutes. As 
shown in Fig. 1 and Fig. 3, on the one hand, a limited 
area was accessible within a short time period via car 
travel to the scenic spots, mainly because of the large 
number of scenic spots and their scattered distribution as 
well as the road network layout and density. On the 
other hand, the road network layout in the central area, 
which has a large number of scenic spots, is centralized 
and dense. Consequently, scenic spots in this central 
area are relatively accessible via cars, whereas accessi-
bility of sparse scenic spots in remote areas where the 
road network is limited is relatively poor. As depicted in 

Fig. 1 and Fig. 5, the spatial distribution pattern of ac-
cessibility using public transport has a clear traffic ori-
entation. A denser distribution of public transport routes 
corresponds to greater accessibility, and the reverse also 
applies. This finding is consistent with those of previous 
studies. Accessibility for both modes of transport evi-
denced a certain degree of spatial heterogeneity, with an 
increasing trend moving from the center to the periphery 
and a smaller modal accessibility gap in the southern 
part of Xi’an than that in the north. Specifically, all of 
the MAG values were greater than 0, indicating that the 
travel time using public transport exceeded car travel 
time. This finding is directly related to the different 
modes of operation; the MAG value for the central city 
was low, indicating that the accessibility of this area via 
cars and public transport is basically the same. In other 
words, travel via public transport entails a comparative 
advantage; because the MAG value of the city’s periph-
ery is high compared with public transport travel, car 
travel is more convenient. The spatial distribution 
shown in Fig. 1 and Fig. 7 reveal that central and pe-
ripheral urban areas are covered by contiguous areas 
entailing similar differences in accessibility, which are 
closely related to the layout and density of the road 
network and public transport and to the distribution 
density of scenic spots. The findings of this comparative 
study on differences in the accessibility of scenic spots 
are similar to those of Salonen and Toivonen (2013) and 
Yang et al (2017) on differences in accessibility among 
residents. The car travel time is less than the travel time 
using public transport, with differences in traffic acces-
sibility being less in the central area compared with 
those in the suburbs. The modal accessibility gap index 
of scenic spots in Xi’an evidenced a significant global 
spatial positive correlation, but local spatial interde-
pendence was only evident in some inner city and mar-
ginal areas. Two areas demonstrated spatial heterogene-
ity, which was not significant in other areas, indicating 
that the spatial interdependence of the modal accessibil-
ity gap index of most scenic spots was not conspicuous 
because of the overall effect of public transport routes, 
road networks, and the distribution of scenic spots. 

6  Conclusions 

The following conclusions emerge from the above 
analysis. The accessibility of scenic spots in Xi’an via 
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cars and public transport both showed a structure of cir-
cle layer. Compared with public transport, car travel 
evidenced a clear time-space compression effect. 
Whereas the accessibility advantages of car travel in the 
central area were not apparent, they were increasingly 
evident traveling from the center to the periphery. Given 
the objective of prioritizing travel via public transport in 
future planning, attention should focus on increasing 
public transport routes and site coverage of peripheral 
areas where public transport is deficient and improving 
public transport services while maintaining the current 
level of these services in the central area. 

Studies on accessibility relating to different modes of 
transport will contribute to improving tourism-related 
travel efficiency. Specifically, studies on modal accessi-
bility gaps will enable spatial differences regarding the 
most appropriate modes of travel to be evaluated, 
thereby providing important inputs that contribute to the 
sustainable development of tourism through the trans-
formation of modes of transport. Explorations of the 
accessibility of scenic spots via different travel modes in 
cities that are popular tourist destinations is of great 
value for optimizing tourism-related transportation, en-
hancing tourism satisfaction, and promoting tourism 
development.  

The travel times obtained using the Baidu Map API 
are more accurate than calculations that are based on the 
traditional road network structure. However, because the 
actual time for individual travel is not provided, given 
differences among individual travelers and uncontrolla-
ble factors influencing the actual trip, there is still some 
margin for error, which does not affect the regularity 
and the results trend. The accessibility of scenic spots 
facilitates the leisure travel of local residents as well as 
visits by foreign tourists. However, given constraints in 
procuring data on residents’ settlement patterns and on 
tourists’ spatial distribution within the city, population 
distribution was not considered in this study of the ac-
cessibility of scenic spots. Further in-depth research that 
integrates resident populations and foreign tourists 
through the combined use of questionnaires and big data 
from location-based services (e.g., Weibo) is necessary 
to enable a more comprehensive exploration of the ac-
cessibility of tourist attractions. In addition, although 
walking was considered as a traffic interchange in the 
calculation of the accessibility of scenic spots via car 
travel and public transport, walking and cycling should 

be considered and analyzed as separate modes of travel 
in relation to tourists’ travel to densely distributed scenic 
spots in follow-up studies. 
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