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Abstract: Constructing the Qinghai–Tibet Railway (QTR) was a landmark project and was beneficial
to the sustainable development of the Third Pole. To understand the sustainable development of
remote regions by the provision of railway, we studied the QTR’s impact on accessibilities and
economic linkages for four cities in the Third Pole, Xining, Golmud, Nagqu, and Lhasa, and between
these four cities and 29 capital cities in mid-eastern China. First, employing average shortest travel
time (ASTT) and weighted average travel time (WATT) as indicators, we calculated the railway-based
accessibilities for June 2006 and January 2013. Then, using a gravity model, railway-based economic
linkages were determined. The results demonstrate that: (i) ASTT for Xining–Golmud decreased
by 4.14 h from June 2006 to January 2013. Both ASTT and WATT indicated that the accessibilities
of the four cities and between these four cities and 29 capital cities in mid-eastern China improved
significantly, and the spatial disparity in accessibility for the four cities decreased, which increased
the balance and sustainability of the transportation system; (ii) the average contribution rate of the
QTR to improving economic linkages for six routes among the four cities was 25.29%, with the
Xining–Nagqu and Nagqu–Lhasa linkages improving most significantly; (iii) the QTR strengthened
economic linkages between the four cities and mid-eastern cities. Because of the QTR, the economic
linkages between the four cities and 29 capital cities increased 27.58% on average. The spatial
disparity in interurban economic linkages also decreased. Transporting products from Tibet should
be promoted to strengthen the sustainability of economic growth.

Keywords: Qinghai–Tibet Railway; accessibility; economic linkage; highland city; gravity model;
spatial disparity; Tibetan Plateau

1. Introduction

The Tibetan Plateau is known as the Asian Highlands and Third Pole of the world [1,2].
The main body of the Tibetan Plateau lies in western China. Compared with mid-eastern China,
the Tibetan Plateau has a harsh natural environment, sparse population, and lagging economic
level. Specifically, the population of Qinghai Province and the Tibet Autonomous Region (hereafter
shortened to Tibet) only accounted for 0.63–0.67% of China’s population from 2006 to 2016 [3–5].
Furthermore, the gross domestic product (GDP) for the two provinces only accounted for 0.42–0.50%
of China’s national GDP for 2006–2016 [3–5]. The number of cities on the Tibetan Plateau is also very

Sustainability 2018, 10, 3982; doi:10.3390/su10113982 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0001-6296-636X
http://dx.doi.org/10.3390/su10113982
http://www.mdpi.com/journal/sustainability
http://www.mdpi.com/2071-1050/10/11/3982?type=check_update&version=2


Sustainability 2018, 10, 3982 2 of 17

small compared with the mid-eastern regions, and the GDP and population of Lhasa and Xining rank
low compared with other capital cities in China.

The railway network density in western China is also far lower than that in mid-eastern China [6].
Tibet was the last province in China to accommodate trains, due to its high altitude and complex
terrain. In August 2006, with the opening of the Golmud–Lhasa section of the Qinghai–Tibet
Railway (QTR), trains were introduced to Tibet. By the end of 2015, the railway network density
for Qinghai and Tibet reached 14.7 km/104 km2, while the corresponding value for China was
125 km/104 km2 [7], indicating the railway transportation conditions on the Tibetan Plateau remained
low and unsustainable in the long run [8].

The QTR is a milestone project [9,10], and the Xining–Golmud section of the QTR has been open to
traffic for nearly 35 years, with the whole line open to traffic for more than 10 years. The understanding
on how the QTR affects the accessibility and interurban economic linkages in the Third Pole should
be addressed. In this study, we focus on how introducing transport infrastructure to remote areas
improves the accessibility and promotes the economy of remote cities. Constructing the QTR was
achieved with sustainable development as a top project priority, making it a green railway [11,12].
Therefore, this study also analyzes how green and sustainable railways promote local economic
development and comes up with some suggestions about sustainable transportation development of
the Third Pole. The most valuable contribution of this paper to the existing literature is the calculation
of contribution rate of the QTR to the growth of economic linkages in the Third Pole. In practice,
our results can provide guidance for sustainable transportation and urban planning in the Third Pole
and western China.

The structure of this study is as follows. First, the literature concerning railway-based accessibility,
socioeconomic development, and the effects of the QTR on socioeconomic development is reviewed.
Then more information about the QTR is provided in order to facilitate understanding of the QTR and
Third Pole. Subsequently, the materials and methods are introduced in detail and are followed
by a results section. The last two sections of this paper are discussion and recommendations,
and conclusions.

2. Literature Review

The linkages between transport infrastructure investment and accessibility change or economic
performance have various characteristics [13–17]. As one of the main modes of transportation,
railways influence regional sustainable development by reducing transportation costs [18–20],
improving accessibility and economic linkages [20–24], and increasing competitiveness and
sustainability of a system [19,23]. In addition, the short- and long-term impacts of railroads on urban
growth are different [25]. It is also show that the economic effects of railway show great variability as
economic effects are conditional upon a set of other factors, including city size, industry structures,
and distance from the urban core [26]. In addition, the structuring effect of the train network on cities
demographics is discussed and a case study in French for 1860–1910 is available [27].

For China, due to the development of inter-city railways in the Greater Pearl River Delta of
China starting in 1990 and construction of the Bohai Strait Cross-Sea Channel, accessibility improved
and total economic linkages were strengthened [16,28]. Railway network expansion in China has
significantly improved economic development and influenced the formation of urban systems [6,15].
Specifically, the positive effect of rail network density on regional economic growth is found to be
significant in the east and north of China and the positive effect of accessibility change is found to
be more significant in the Middle Reaches of Yangtze River [29]. Interestingly, one recent study also
found that railway infrastructure falls short of other physical capital in promoting aggregate output
in China [30]. Additionally, China’s high-speed rail facilitate market integration, mitigate the cost of
megacity growth, and improve the sustainability of development [19,22]. In addition, the accessibility
benefit of high-speed rail is not distributed evenly. Second-tier cities with relatively large population
bases benefit more from high-speed rail in attracting investment compared with small cities and mega
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cities [31]. Most above-mentioned studies have focused on railway concentrated areas, with little
research on development in remote regions where transportation conditions are lagging [6,31,32],
including the Tibetan Plateau [32] and Central Asia [33].

As the first railway introduced to the Third Pole, the QTR has received considerable attention,
with most research on the associated ecological and environmental issues [34–38], while accessibility
and socioeconomic-related studies are rare. Only several initial qualitative studies on this theme
can be found, which do not fully reflect the socioeconomic influences of the QTR. For example,
suggestions concerning QTR construction and sustainable socioeconomic development of Tibet were
provided to local governments by members of the Chinese Academy of Science based on expert
knowledge [39]. The QTR connects Lhasa with other major cities via the extensive railway network
of China, thereby facilitating the economic and social development in Tibet [40]. By comparing
socioeconomic factors between surrounding and non-surrounding areas of the QTR before and after
its construction, Li et al. [32] found that an integrated and sustainable transport system will form with
the construction of the QTR, and the GDP of surrounding areas of the QTR had a greater growth rate
than non-surrounding areas. However, the population was not aggregated into the surrounding areas,
which is not sustainable in the long run. Employing a difference-in-difference method, Wang et al. [41]
found that the GDP of the surrounding regions of the QTR increased by more than 20% after the
completion of the railway, mainly through manufacturing changes. Li et al. [18] concluded that the
QTR increased the GDP of Tibet by 8% for 2006–2013 using a grey forecasting model GM(1,1), which is a
model for predicting systems with uncertainties. The miraculous development of the tourism industry
had prominent effects on economic development and urbanization in Lhasa (Tibet) after 2006 due
to the running of the QTR [42]. It can be concluded that the cited studies related to the impacts of
railway network on accessibility or economic performance focused solely on national level or the
mid-eastern regions of China, and the QTR was not included [6,17,43], or the economic effects were not
fully addressed. However, assessing the QTR’s socioeconomic influences is beneficial to sustainable
transport and urban planning in the Third Pole, because it was the first railway constructed in the
Third Pole [7,39,40].

In this study, the impacts of the QTR on accessibilities and economic linkages of cities in the
Third Pole were determined. We calculated the railway-based accessibility and its change from
June 2006 to January 2013 employing average shortest travel time (ASTT) and weighted average
travel times (WATT) as indicators. Subsequently, using a gravity model, the ASTT-based interurban
economic linkages and changes were estimated for four cities in the Third Pole, Xining, Golmud,
Nagqu, and Lhasa, and the contribution rate of the QTR to the increases of economic linkage was
determined. The results are discussed further and suggestions for sustainable growth of economic
linkages are given.

3. The Qinghai–Tibet Railway

Prior to 1955, freight could only be transported into Tibet by camel, and from 1955, highways were
available. Railway construction began in 1978 [11]. The construction of the QTR was part of the
China Western Development strategy, an attempt to develop western regions of China that were much
less developed than eastern China. As the world’s highest-elevation railway, with a total length of
1956 km, the QTR has been considered a landmark green project [9,10]. The length of railway with
an elevation higher than 4000 m is 960 km, and about 550 km of track is laid on permafrost. The line
includes the Tanggula Pass, which, at 5072 m above sea level, is the world’s highest point on a railway
line. The railway crosses the source regions of the Yangtze, Yellow, Yarlung Zangbo, Nu-Salween,
and Lancang-Mekong Rivers (Figure 1).

The QTR connects Xining, the capital city of Qinghai Province, to Lhasa, the capital city of
Tibet. The first section of the QTR, which was opened to traffic in 1984, began at Xining and ended
at Golmud, with a length of 814 km (hereafter shortened to XG; Figure 1). The second section of the
QTR, which was inaugurated and opened to regular trial service in July 2006, begins at Golmud and
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ends at Lhasa, with a length of 1142 km (hereafter shortened to GL; Figure 1). Five trains arrive at
and depart from the Lhasa Railway Station each day [40]. The XG section is double track and the GL
section is single track. Electric locomotives are used for the XG section, but diesel-powered locomotives
are still used for the GL section, which limits increases in transport capacity. The QTR is the only
railway linking the Tibetan Plateau to mid-eastern China. The opening to traffic of the QTR effectively
relieved the pressure of highway transportation. Railway freight kilometers were higher than highway
freight kilometers in 1990–2013 [32], significantly reducing transport pollution and improving the
sustainability of transportation system and economic development in the Third Pole. In addition,
the QTR has been termed a green railway and is carefully managed to ensure sustainability on the
Tibetan Plateau [11,12].

Figure 1. Location map of the Qinghai–Tibet Railway and the four highland cities in the Third Pole.

4. Materials and Methods

4.1. Analysis of Railway-Based Accessibility

The construction and opening of railway traffic naturally change accessibility [20]. First,
we analyzed railway-based accessibility, its changes in the four highland cities within the Third Pole
and between the Third Pole and 29 capital cities in mid-eastern regions of China due to the QTR.
A wide variety of indicators are used to measure accessibility [44,45]. For example, Curtis et al. [46]
conducted a comprehensive review of different accessibility definitions and measures, including spatial
separation, contour, gravity, competition, time-space, utility, and network measures. Both ASTT and
WATT are frequently used accessibility indicators [20]. Specifically, ASTT is the basic unit to measure
accessibility from the perspective of travel cost. Compared with ASTT, WATT considers both the
travel cost and attractiveness (e.g., population, employment, and gross domestic product) of a city,
as different cities have different attractiveness to passengers [20]. Two basic accessibility indicators,
ASTT and WATT, were selected in this study. WATT is as follows [20]:

WATTi =
n

∑
j=1

(
ASTTij × Mj

)
/

n

∑
j=1

Mj (1)

where WATTi is weighted average travel times of city i, with lower values indicating greater accessibility.
ASTTij is average shortest travel time between cities i and j; n is the total number of destinations from
city i; Mj is the mass of the destination city j, indicating the attractiveness and radiation capacity of the
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city to its surrounding areas [20,21]. In previous studies, only population or gross domestic product
(GDP) has been used as an indicator of city mass. In this study, Mj is calculated using the geometric
mean of population and GDP [21,28,47], which involves a more comprehensive consideration of
economic and social information for a given city. The equation is as follows:

Mj =
√

Pj × Gj (2)

where Pj is the population of city j and Gj is GDP of city j. Population denotes the number of people
the city served, and GDP denotes economy size of the city.

The QTR passes through four representative highland cities, Xining, Golmud, Nagqu and Lhasa,
which were selected based on city size and data availability to calculate their railway-based accessibilities
for June 2006 and January 2013. Xining and Lhasa are the capital cities of Qinghai Province and Tibet,
respectively. Golmud is the second-largest city in Qinghai Province, and Nagqu is the second-largest
city in Tibet that the QTR passes through. In addition, their railway-based accessibilities to 25 provincial
capitals and four municipalities (hereafter, 29 capital cities) were calculated. The 29 capital cities are
Beijing, Shanghai, Tianjin, Chongqing, Harbin, Changchun, Shenyang, Hohhot, Shijiazhuang, Urumqi,
Lanzhou, Xi’an, Yinchuan, Zhengzhou, Jinan, Taiyuan, Hefei, Wuhan, Changsha, Nanjing, Chengdu,
Guiyang, Kunming, Nanning, Hangzhou, Nanchang, Guangzhou, Fuzhou, and Haikou (Figure 2).

4.2. Analysis of Economic Linkages

Improving accessibility strengthens interurban economic linkages [13,15,23,24]. These economic
linkages can reflect the capacity of an economic center to influence its surrounding areas and the
surrounding areas to influence their economic center [24,28]. Therefore, after analyzing accessibility
and its change due to the opening to traffic of the QTR, we analyzed ASTT-based interurban economic
linkages and their variations.

Economic linkage indicates the intensity of economic spatial interaction. Economic spatial
interaction refers to the exchange of materials, energy, people, funds and information among cities
in order to maintain the normal production and life [24]. Due to the distance-decayed law of the
economic spatial interaction, the gravity model has been widely used in economics, including regional
economics, economic geography, and international trade to calculate the intensity of economic spatial
interaction [47–50]. In addition, in economic geography, the gravity model is also called the economic
linkage intensity model [24]. The gravity model, described as Equation (3), is used in this study to
calculate the ASTT-based economic linkages between the four cities within the Third Pole and the four
cities to the 29 capital cities in China for June 2006 and January 2013. Equation (4) is used to calculate
the total economic linkage for city i.

ELij =
(

Mi × Mj
)
/ASTT2

ij (3)

ELi =
n

∑
j=1

ELij (4)

where ELij is the railway-based economic linkage between cities i and j. Economic linkage units are
100 million Yuan·10 thousand person/h2. ELi is the total railway-based economic linkage for city i,
reflecting the intensity of economic linkage of city i with other cities. The ASTTij is the railway-based
average shortest travel time between cities i and j.

In Equation (3), the railway-based economic linkage between cities i and j increase as long as the
population and GDP increase, even if the ASTT remains unchanged. To determine the percentage
of increase of railway-based economic linkage due to the improvement in accessibility by the QTR,
Equation (5) was employed.

RQTR =
ELQTR − ELt1

ELt2 − ELt1
× 100% (5)
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where RQTR is the percentage of increase in economic linkage because of the improvement in
railway-based accessibility. ELt1 and ELt2 are interurban economic linkages for t1 and t2, respectively,
and ELt1 − ELt2 is the improvement in total economic linkage for period t1–t2, including the total
impacts of increases in GDP and population and improved accessibility due to the QTR. ELQTR is the
economic linkage calculated using population and GDP for t1 and ASTT for t2, and ELQTR − ELt2 is
the economic linkage improvement for period t1–t2 due only to the QTR, excluding the impacts of
increases in GDP and population.

4.3. Data Sources

The ASTTs for June 2006 and January 2013 were obtained from the official timetable of
China’s Ministry of Railway (http://www.jpskb.com/). The shortest travel times were chosen from all
direct railway services between two cities. For links with no direct railway service, a transfer station
was selected based on the shortest distance between two cities. When travel times upstream and
downstream were different because of different railway scheduling, the average of the two travel times
was calculated as the final ASTT.

Population and GDP data for Xining, Golmud, Nagqu, and Lhasa for 2006 and 2013 were obtained
from statistical yearbooks for Qinghai and Tibet [51–54]. Population and GDP data for the 29 capital
cities were obtained from China City Statistical Yearbooks [55,56].

5. Results

5.1. Accessibilities among the Four Cities within the Third Pole

In June 2006, the ASTT between Xining and Golmud was 13.08 h and routes to Nagqu or Lhasa
were inaccessible by railway (Table 1). In January 2013, the ASTT between Xining and Golmud
was 8.94 h, a 4.14 h decrease from June 2006 to January 2013, or 31.65%. Shortening the travel time
improved the accessibility between the four cities within the Third Pole. The ASTTs for Xining–Nagqu,
Xining–Lhasa, Golmud–Nagqu, Golmud–Lhasa, and Nagqu–Lhasa are provided in Table 1.

Table 1. Average shortest travel time (ASTT) between the four cities within the Third Pole for June 2006
and January 2013.

Routes
ASTT (h) ASTT Decrease

June 2006 January 2013 Absolute %

Xining–Golmud 13.08 8.94 4.14 31.65
Xining–Nagqu inaccessible 18.73 – –
Xining–Lhasa inaccessible 22.83 – –

Golmud–Nagqu inaccessible 9.22 – –
Golmud–Lhasa inaccessible 13.43 – –
Nagqu–Lhasa inaccessible 3.53 – –

In June 2006, the WATTs for Xining, Golmud, Nagqu, and Lhasa were unmeasurable because the
GL section of the QTR had not yet opened to traffic. In January 2013, the WATTs for Xining, Golmud,
Nagqu, and Lhasa were 18.42 h, 9.92 h, 14.57 h, and 19.71 h, respectively. The accessibility for Golmud
was best, followed by Nagqu.

5.2. Accessibilities of the Four Cities within the Third Pole to the 29 Capital Cities in Mid-Eastern China

The shortest travel times between the four cities within the Third Pole and the 29 capital cities for
June 2006 and January 2013 are illustrated in Figure 2. In June 2006, the shortest travel times between
Xining and the 29 capital cities were lower than these for Golmud, indicating that the railway-based
accessibility of Xining was better than Golmud at that time. The shortest travel time between Xining
and its surrounding cities, including Lanzhou, Xi’an, Yinchuan, and Zhengzhou, was lower, and the

http://www.jpskb.com/
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shortest travel time between Xining and cities located in southern China, including Nanning, Haikou,
Hangzhou, Fuzhou, and Guangzhou, was higher. A similar spatial disparity was also found for
Golmud (Figure 2a).

Figure 2. Shortest travel times between the four cities within the Third Pole and the 29 capital cities in
mid-eastern China: (a) June 2006 and (b) January 2013.

Nagqu and Lhasa gained access by railway to the 29 capital cities in January 2013. The shortest travel
time for Xining remained the lowest, indicating that the railway-based accessibility for Xining was best in
the four cities, followed by Golmud, Nagqu, and Lhasa. The shortest travel time between the four cities
and 29 capital cities in January 2013 shared similar spatial disparity with those in June 2006 (Figure 2b).

From June 2006 to January 2013, the ASTTs for Xining and Golmud to the 29 capital cities decreased
by 16.78% and 21.60%, respectively (Table 2), indicating that the QTR improved the accessibility for
Golmud more significantly. Of the 29 cities, 18 had their shortest travel time with Xining reduced by
more than 5 h and there are also 18 cities in 29 whose shortest travel time with Golmud reduced
by more than 10 h. Particularly, the shortest travel times for Xining–Nanning, Xining–Harbin,
Golmud–Hangzhou, Golmud–Haikou, Golmud–Nanning, and Golmud–Nanchang decreased by
17.70 h, 10.32 h, 28.97 h, 26.41 h, 21.52 h, and 21.25 h, respectively. In addition, inequalities in
accessibility of the four cities to the 29 capital cities decreased. Specifically, the ASTT ratio between
Xining and Golmud decreased from 1.55 in June 2006 to 1.36 in January 2013, which increased the
sustainability of the transportation system on the Third Pole.

Table 2. Average shortest travel time (ASTT) between the four cities within the Third Pole and the 29
capital cities in mid-eastern China for June 2006 and January 2013.

Cities
ASTT (h) ASTT Decrease

June 2006 January 2013 Absolute %

Xining 30.25 25.17 5.07 16.78
Golmud 46.84 34.22 12.62 21.60
Nagqu inaccessible 44.20 – –
Lhasa inaccessible 48.13 – –

Considering the city weights, WATTs for the four cities to the 29 capital cities were calculated
(Table 3) and the results were similar to the ASTT results. In June 2006, WATT values for
Xining and Golmud to the 29 capital cities were 30.65 h and 46.33 h, respectively. The corresponding
value for January 2013 decreased by about 20.36% and 27.50%, respectively, compared with those
for June 2006 (Table 3). The WATT ratio between Xining and Golmud decreased from 1.51 to 1.38,
also indicating the inequalities in accessibility for the four cities to the 29 capital cities decreased and a
balanced and sustainable transportation system on the Third Pole was coming.
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Table 3. Weighted average travel time (WATT) between the four cities within the Third Pole and the
29 capital cities in mid-eastern China for June 2006 and January 2013.

Cities
WATT (h) WATT Decrease

June 2006 January 2013 Absolute %

Xining 30.65 24.41 6.24 20.36
Golmud 46.33 33.59 12.74 27.50
Nagqu inaccessible 43.81 – –
Lhasa inaccessible 47.50 – –

5.3. Economic Linkages among the Four Cities within the Third Pole

In June 2006, the economic linkage between Xining and Golmud was 39.24 (Table 4). Because Nagqu
and Lhasa were inaccessible by railway, their railway-based economic linkage was 0. In January 2013,
the economic linkage between Xining and Golmud improved to 360.59, an increase of 321.35, with 44.75
being due to the improvement in railway-based accessibility, accounting for 13.93%.

The economic linkages for Xining–Nagqu, Xining–Lhasa, Golmud–Nagqu, Golmud–Lhasa,
and Nagqu–Lhasa increased by 75.75, 114.96, 45.98, 48.86, and 652.12, respectively, with 22.51–31.53%
being due to the opening of traffic of the QTR (Table 4). The QTR contributed most to improving
economic linkages for Xining–Nagqu and Nagqu–Lhasa. In addition, the QTR improved economic
linkages for the six city pairs by an average of 25.29%.

Table 4. Railway-based economic linkages among the four cities within the Third Pole for June 2006 (ELt1)
and January 2013 (ELt2), and the contribution rate of the Qinghai–Tibet Railway (RQTR). Economic linkage
units are 100 million Yuan·10 thousand person/h2.

Routes ELt1 ELQTR ELt2 RQTR (%)

Xining–Golmud 39.24 83.99 360.59 13.93
Xining–Nagqu 0 23.88 75.75 31.53
Xining–Lhasa 0 30.08 114.96 26.16
Golmud–Nagqu 0 12.47 45.98 27.12
Golmud–Lhasa 0 11.00 48.86 22.51
Nagqu–Lhasa 0 198.70 652.12 30.47

ELQTR: economic linkage only considering the improvement of railway-based accessibility, which was calculated
using population and GDP for 2006 and average shortest travel time for 2013.

From June 2006 to January 2013, the total economic linkages for the four cities within the Third Pole
increased significantly (Table 5). The total economic linkages improved 19.28–30.37% due to the opening
of traffic the QTR, with particularly significant improvements in Nagqu and Lhasa, indicating that the
GL section of the QTR has promoted the economic growth of cities in Tibet. The average contribution rate
of the QTR to the improving economic linkages within the four cities was 23.86%. In addition, it can also
be seen that the inequality in railway-based total economic linkages decreased for the study period.

Table 5. Railway-based total economic linkages for the four cities within the Third Pole for June 2006 (ELt1)
and January 2013 (ELt2), and the contribution rate of the Qinghai–Tibet Railway (RQTR). Economic linkage
units are in 100 million Yuan·10 thousand person/h2.

Cities ELt1 ELQTR ELt2 RQTR (%)

Xining 39.24 98.71 551.30 19.28
Golmud 39.24 68.22 455.43 16.39
Nagqu 0 235.05 773.85 30.37
Lhasa 0 239.78 815.94 29.39
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5.4. Economic Linkages of the Four Cities in the Third Pole to the 29 Capital Cities in Mid-Eastern China

The railway-based economic linkages of the four cities within the Third Pole to the 29 capital cities are
shown in Figure 3. As shown, Xining had better economic linkages with the 29 capital cities than Golmud
for 2006 (Figure 3a). Using GDP and population for 2006 and ASTT for 2013, we calculated the economic
linkages only considering improvement in railway-based accessibility (Figure 3b). The economic linkages
of the four cities to the 29 capital cities for 2013 are illustrated in Figure 3c.

Figure 3. Railway-based economic linkages of the four cities within the Third Pole to the 29 capital
cities: (a) for June 2006; (b) only considering the improvement in railway-based accessibility from
June 2006 to January 2013; and (c) for January 2013.

Figure 3b,c both show that Xining had the best economic linkages to the 29 capital cities,
Golmud and Lhasa had close economic linkage to the 29 capital cities, and Nagqu had the smallest.
In addition, Figure 3a–c indicates clear and similar spatial inequality in economic linkages between
the four cities and the 29 capital cities. Economically, the four cities were linked tightly with large
cities, e.g., Beijing, Shanghai, and Tianjin, and closer-proximity cities, e.g., Chongqing, Lanzhou,
and Xi’an, and linkages were poor with cities in southern China, including Guiyang, Kunming,
Nanjing, Nanchang, Fuzhou, and Haikou.

Railway-based economic linkages between the Third Pole and the 29 capital cities significantly
improved from June 2006 to January 2013 (Figure 4). Xining showed the largest improvement in
railway-based economic linkages, followed by Lhasa, Nagqu, and Golmud (Figure 4a). Spatial disparities
in improvements in railway-based economic linkages are also observed. For all four cities, improvements in
economic linkages to big cities, including Beijing, Shanghai, and Tianjin, and close-proximity or
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transportation-hub cities, including Chongqing, Chengdu, Lanzhou, Xi’an, Shijiazhuang, Zhengzhou, and
Wuhan, were significant while those to southern cities were not.

Figure 4. Improvements in economic linkages between the four cities within the Third Pole with
the 29 capital cities from June 2006 to January 2013 and the contribution rate of the Qinghai–Tibet
Railway (QTR). (a) Improvements in economic linkages due only to the improvement in railway-based
accessibility; (b) total improvements in economic linkages for the study period; and (c) contribution
rate of the QTR to improvements in economic linkages as calculated using equation (5).

In terms of economic linkages, Nagqu and Lhasa benefited the most because of the
improvement in railway-based accessibility (Figure 4c). For Nagqu, the contribution rates of
the QTR to the improvements of economic linkages to most cities were greater than 40%, and
for Lhasa, the corresponding values were 35%. The QTR contributions to improvements in
economic linkages to Shanghai, Chongqing, Taiyuan, and Hangzhou were large for all four cities.
Xining, Nagqu, and Lhasa gained closer connections with northeastern China, including Harbin,
Changchun, and Shenyang, based on the contribution rate. Economically, Golmud–Hangzhou,
Golmud–Nanchang, and Nagqu–Haikou routes also benefited a lot due only to the improvement in
railway-based accessibility.

Additionally, the spatial disparity in economic linkages to the 29 capital cities decreased from 2006
to 2013 (Figures 3 and 4). Specifically, the total economic linkage ratios between Xining and Golmud
decreased from 40 in 2006, to 33 in Figure 3b, and to 29 in 2013, which enhanced the sustainability of
economic growth in the Third Pole.



Sustainability 2018, 10, 3982 11 of 17

Improvements in total economic linkages between the four cities and 29 capital cities were
81762.3, 3059.91, 1796.88, and 3436.06 with 4.34 and 5.98 factor increases for Xining and Golmud.
The contribution rates of the QTR to improving total economic linkages for the four cities were 16.06%,
17.19%, 42.1%, and 34.95%, respectively (Table 6), indicating that the QTR strengthened economic
linkages in the Third Pole, especially cities in Tibet to cities in mid-eastern China from June 2006 to
January 2013. Furthermore, the QTR reduced the spatial disparity in economic linkages between the
Third Pole and mid-eastern China, indicating a more balanced transport system and a more sustainable
economic development pattern are coming.

Table 6. Total economic linkages of the four cities within the Third Pole to the 29 external capital cities
for June 2006 (ELt1) and January 2013 (ELt2), and the contribution rate of the Qinghai–Tibet Railway
(RQTR). Economic linkage units are in 100 million Yuan·10 thousand person/h2.

Cities ELt1 ELQTR ELt2 RQTR (%)

Xining 24,449.34 37,584.12 10,6211.64 16.06
Golmud 614.14 1140.03 3674.05 17.19
Nagqu 0 756.44 1796.88 42.10
Lhasa 0 1201.06 3436.06 34.95

6. Discussion and Recommendations

6.1. A Railway Network Is Needed in the Third Pole to Improve Accessibility and Sustainability

Our findings indicate that railway-based accessibilities significantly improved within the four cities
in the Third Pole. These improvements reduced travel costs for economic elements, including capital,
labor, and technology. For example, mineral resources and cement in Qinghai province can be
transported to Tibet at lower cost [32], which is beneficial to sustainable development in Tibet.

Railway-based accessibilities also significantly improved between cities in the Third Pole and those
in mid-eastern China from June 2006 to January 2013, which shortened the space-time distance between
the Third Pole and mid-eastern China, especially the cities surrounding the Third Pole. This accelerated
the flow of capital, labor, technology and other factors in production and reduced travel costs for
economic elements. For example, passenger traffic on the QTR increased from 0.38 million in 2006 to
1.29 million in 2013 with a 2.4-factor increase. Passenger-kilometers also increased from 345 million
passenger-km in 2006 to 1.14 billion passenger-km in 2013 with a 2.3-factor increase [32]. In addition,
the number of tourists increased from 2.51 million in 2006 to 1.29 billion in 2013 with a 5.1-factor
increase [57]. In terms of the freight transportation, the grain produced in northeastern and central
China was transported to Tibet by railway and the amount of grain transported to Tibet increased
1.63 times from 2006 to 2013 [18]. Additionally, the QTR also relieve the pressure of the Qinghai–Tibet
Highway (G109), which runs from Lhasa to Xining and eventually to Beijing, and is the most-used road
in Tibet. The advantages of large volume and low pollution of the QTR will effectively alleviate the
pollution emission problem of express transportation. In a word, besides accessibility, the construction
of the QTR also improved the sustainability of transport system and development on the Third Pole.

However, the QTR alone is insufficient, and the transportation system of the Third Pole is not
integrated and sustainable enough. The railway-based accessibility for the Third Pole remains poor
compared with that of mid-eastern China [24], which still limits the sustainable development of the
Third Pole significantly. Specifically, the length of railway in the Third Pole is still very short and railway
network density is low compared with mid-eastern China. In 2013, the length of railway for all of
China was 103,100 km, while the corresponding value for Qinghai and Tibet was 2404 km, only 2.3% [7]
(Figure 5). However, the land area of Qinghai and Tibet account for 20.3% of the nation. This difference
corresponds to the much lower growth rate for the length of railway in Qinghai and Tibet (Figure 5).
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Figure 5. Railway mileage for all of China and the Qinghai–Tibet region and the proportion of railway
mileage in the Qinghai–Tibet region compared with all of China from 1980 to 2016 [3–5].

With rapid economic growth in the Third Pole and the continuous strengthening of its economic
linkages inside and outside the Plateau, the demand for railway transportation will necessarily increase
from the perspective of sustainable development. Expanding the railway network and its capacity are
urgently needed so that the railway plays a leading role in sustainable developing of the Third Pole.

The expansion of the railway network has already been proposed in the Mid-to-Long Term
Railway Network Plan of China Railway (http://www.ndrc.gov.cn/zcfb/zcfbtz/201607/t20160720_
811696.html). Specifically, in addition to the Lhasa–Xigazê railway, which opened to traffic in
August 2014, and the Lanzhou–Xinjiang High-Speed Railway (the first High-Speed Railway across
the Third Pole), the Golmud–Korla, Golmud–Dunhuang, and Lhasa–Nyingchi railways are under
construction. In addition, the proposed Xinzang railway will connect Hotan in Xinjiang and Xigazê in
Tibet and lines connecting Xigaze with Yadong and Jilung and Nyalam border ports are planned [40].
When the railway network era of the Third Pole comes to fruition, the Tibet, Qinghai, Xinjiang Uygur
Autonomous Region, Gansu, Sichuan, and Yunnan (Figure 1) areas will be more closely connected by
railway. This will naturally increase the accessibility of the Third Pole dramatically and the economic
linkages between them will be strengthened too, which will bring us a sustainable transport system
and is beneficial to the sustainable development of the Third Pole in the long run.

Another factor that limits improvements in accessibility is the operation speed of the QTR, which is
slow compared with railways in mid-eastern China because of ecological protection, sustainable
development policies, and the harsh environment. The commercial speed for sections laid on
permafrost is only 100 km/h [7,58]. Advances in technology and commercial speed of this green
railway will be another way to improve the accessibility of the Third Pole.

6.2. Suggestions for Strengthening Sustainable Economic Linkages

The QTR has strengthened economic linkages between cities both within the Third Pole and
externally with cities in mid-eastern China from the perspective of passenger transport. These ties
have facilitated Tibet participating in the national market, bringing advantages to the western regions
and reducing economic disparity between eastern and western China.

In addition, the QTR also stimulated the economic linkages inside and outside the Third Pole in
the context of freight transportation. Using the grey prediction model GM(1,1), Li et al. [18] found
that the QTR increased domestic demand in Tibet by an average of 31.12% for 2006–2013. By 2013,
the value had reached 44.05%. In addition, the economic linkages between Third Pole cities and cities
in mid-eastern China also strengthened due to freight transportation. Since 2006, the total amount
of goods transported by the QTR to Tibet has been increasing annually, from 340,000 tons in 2006 to

http://www.ndrc.gov.cn/zcfb/zcfbtz/201607/t20160720_811696.html
http://www.ndrc.gov.cn/zcfb/zcfbtz/201607/t20160720_811696.html
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4.48 million tons in 2013, a 13-fold increase. In addition, the volume of goods transported from Tibet to
all parts of the country by the QTR increased from 20,000 tons in 2006 to 710,000 tons in 2013, a greater
than 3-fold increase.

More measures can be taken to enhance the sustainability of strengthening economic linkages.
Specifically, the population increased slowly, i.e., there was little immigration to the regions
surrounding the QTR [32,40]. This lack of migration is partly due to the harsh natural environment
and lagging infrastructure. Therefore, in the future, more measures should be taken to attract residents
who utilize the railway. For example, improving the infrastructure and developing eco-tourism are
good options [40,42,59–61]. Although tourism has rapidly developed since the QTR opened to traffic,
there is still room for sustainable improvement.

As shown in Figure 6, the main beneficiaries of the QTR are cities in the Third Pole. Although the
percentage turnover volume in railway freight is even higher than that of highways, railway transport
in the Third Pole is still developing. For 2007–2014, most goods were transported to cities in Tibet from
other provinces by the QTR, accounting for more than 80%; in 2007, the value was 94%. However,
less than 20% of goods in Tibet are exported via the QTR because the quantity and quality remain
inferior to those produced in mid-eastern China [18], which is not sustainable in the long run.
Government officials agree that this situation will not change over a short time period [62]. In the
future, efforts should be made to develop the specialized industries in Tibet and export products
to better strengthen the economic linkages to mid-eastern cities and improve the sustainability of
development in Tibet. The proportion of the secondary industry in Tibet can also increase. Finally,
the proposed One Belt and One Road Initiative is a good opportunity for the Third Pole to strengthen
economic linkages to surrounding cities or countries [63,64].

Figure 6. Imported and exported goods transported between Tibet and external cities via the
Qinghai–Tibet Railway, 2007–2014.

6.3. Limitations and Recommendations

Generally, we calculated the contribution rates of the QTR to the improvement of economic
linkages from June 2006 to January 2013. In addition, the average values for inside and outside the
Third Pole are 25.29% and 27.58% respectively. The findings of this study are in agreement with
previous studies showing that the QTR improved accessibility in the Third Pole and strengthened
economic linkages between cities in the Third Pole and in mid-eastern China [18,41]. Specifically,
Wang et al. [41] found a 33% increase in GDP per capita in counties traversed by the railway versus
those at a distance. Li et al. [18] suggested that the QTR increased the GDP of Tibet by 8% for 2006–2013.
Besides, this study has some limitations, which can be overcome in future studies when more data
is available.
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Because of the unavailability of railway freight schedules, we used passenger transportation for
analysis. However, freight transportation is one of the main functions of the railway and railway
freight-kilometers have been higher than highway freight-kilometers, in both the average and for 18 of
the 24 time points between 1990 and 2013 [32]. It can also be seen from freight transportation data in
Figure 6 that the current single-direction importation is not sustainable in the long run. Once railway
freight schedules are available, the analytical results will be more interesting and more suggestions
concerning sustainable development in the third Pole will be provided.

In addition, the travel time from the origin to railway station or from railway station to traveler’s
destination, the residence time in the transfer station, and service waiting time at the railway station are not
considered because of data unavailability. Compared with travel within mid-eastern China, travel between
cities in the Third Pole and in mid-eastern China is long distance because of the harsh environment in
the Third Pole and environmental protection policies. Therefore, not considering the travel time within
cities will not introduce too much uncertainty. Because the floating population size is not available,
resident population data was used in this study, which means the economic linkages are conservative
estimates; the floating population size in Tibet is larger than the resident population size [40,65].

Possible extensions of this work also include alternative measures of accessibility and improving
the railway-based interurban economic linkage calculation model. Daily accessibility and potential
values perhaps can be used to reflect other aspects of accessibility [20,21,66]. In addition to transport
accessibility, economic level, and population, railway-based economic linkages can also be affected by
other factors, including technology, regime, culture, and division of works [67]. The gravity model we
used does not account for these factors; further research that revises the model is still needed.

The economic linkages inside and outside the Third Pole enhanced because of the QTR.
Although the construction of the QTR has been achieved with ecological protection at the top of
the project agenda, it still disturbed the environment to some extent [68] and brought pollutions to the
environment [37,38]. Therefore, the sustainability of the economic growth brought by the QTR needs
to be assessed, which is another valuable extension of this study.

7. Conclusions

With the construction of the QTR, an integrated and sustainable transport system is forming in
the Third Pole. Using ASTT and WATT as basic indicators, we found that the accessibilities between
the four cities within the Third Pole and those between Third Pole cities and the 29 capital cities
improved from June 2006 to January 2013. Furthermore, the inequalities in accessibility for the four
cities decreased, which increased the sustainability of the transport system. Xining was most accessible
to the external capital cities. In addition, economic linkages within the Third Pole, and between
the Third Pole and mid-eastern China strengthened significantly. Because of the QTR, the economic
linkages between the four cities within the Third Pole and 29 capital cities increased by 16.06%, 17.19%,
42.1%, and 34.95% respectively, with Tibet benefitting the most. Inequalities in economic linkages
decreased as well as the sustainability of economic growth in the Third Pole increased.

To improve accessibility and strengthen economic linkage inside and outside the Third Pole,
a railway network is needed urgently to relieve the pressure on highway transportation. In the future,
efforts should be made to develop specialized industries in Tibet and export products to strengthen
economic linkage to mid-eastern China from the perspective of sustainability. The sustainability of the
economic growth due to the QTR also needs to be assessed.

Clearly, this is only a first step in studying railway-based accessibility and economic linkages
of the Third Pole resulting from the expansion of the QTR. Further studies on this theme should be
conducted as the railway network era comes to the Third Pole and railway freight schedules and
floating population data are available.
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