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Abstract

This study explores the relationship between cultural heritage tourist development and the
urban infrastructure development of the Xizang Autonomous Region's Lhasa, under an
objective lens concerning UNESCO World Cultural Heritage (WCH) sites, i.e., the Potala
Palace, Jokhang Temple, and Norbulingka. Based on Pearson's correlation and multiple
linear regression analysis (data from 2015-2024), the study examines the impacts of
transport, energy, and city growth on tourist traffic. Results show a positive correlation,
with paved road length (r = 0.92) and public transport capacity (r = 0.85) exerting the
greatest impact on tourism development. Regression analysis confirms results whereby
89% of tourism variation is explained by infrastructure development. Improved
accessibility through developed infrastructure has enhanced the economy and
international image of Lhasa. Yet, the risks of over-commercialization and loss of heritage
via urbanization at a high speed have also been recognized by the research. The findings'
implications highlight the need for balanced city development in harmony with sustainable
heritage conservation and infrastructure planning. Decision-makers are advised to
implement UNESCO's sustainable tourism policies to ensure that today's modernization
maintains cultural authenticity. This research presents empirical evidence for
urbanization and heritage tourism, and other developing nations with similar issues can
learn lessons from it. Follow-up studies should incorporate qualitative assessment of

visitor impacts and local perception to provide strength to conservation policy.

Keywords: Urban Development, WCH, Transportation Accessibility, Heritage Tourism
Growth
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Introduction

Urbanization is worldwide reputed to be the primary cause of the deterioration of
values and integrity in old cities (Rossler, 2018,p.3-26). The majority of historical
places recognized by UNESCO continue to suffer the effects of human-induced
destruction caused by urbanization (Ashrafi, Klues and Neugebauer, 2021,p.199-207).
Scholars worldwide have highlighted the strict limits imposed by modernization,
which affect the preservation of cultural heritage in ancient cities due to urbanization
(Tham, 2023). Moreover, World cultural heritage is interlinked with several areas of
Sustainable Development Goals, such as environmental, social, and economic issues
(Rotondo,Perchinunno, L'Abbate, Mongelli, 2012, p.513). Particularly, World
Cultural Heritage (WCH) sites play a significant role in economic phenomena like
the economy of tourism, the cultural economy, circular economy, and low-carbon
economy (Deng, 2014, p.809-22). The preservation of the city's historical and cultural
value has always been a significant research subject in fast modernizing countries'
urban planning (Steinberg,1996,p.463-475).

The Xizang Autonomous Regions have been shrouded in mystery, and their unique
historical and cultural heritage attracts foreign visitors. Development of transport
infrastructure in recent years has made the Xizang Autonomous Regions easily
accessible, and hence a tremendous tourism boom has been witnessed
(Wang,2019,p.1532-1366). Whereas the vast majority of the scholars have found that
tourism has driven urbanization in Xizang areas, most of the studies have focused on
investigating the impacts of urbanization on natural environments and ecological
processes of the Xizang Autonomous Regions (Fan,2010,p.258-268 and
Fang,2021,p.298-324). Very few studies have begun to analyze the fact that
urbanization negatively impacts the historic building heritage of the Xizang
Autonomous Regions (Zhang, H. Zhang, and Sun,2018,p.1593).

This study examines the relationship between tourist inflow and urbanization in
Lhasa using the hypothesis test that improvements in infrastructure, transport, and

energy have reduced barriers to travel, therefore enhancing travel.
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Lhasa's city growth has also prioritized connectivity and sustainability, and the city's
growth itself is in alignment with UNESCQO's emphasis on "sustainable tourism,"
combining conservation efforts with economic benefits. For example, improved roads
and public transportation have minimized travel time to the Potala Palace and
facilitated safe water supply, evening lighting, and tourist facilities. However, critics
believe that over-development can lead to commodification of religious places, as in
cases against commercial zoning along Lhasa close to the Jokhang Temple.
Consequently, this study examines whether metropolitan expansion has been a net
positive in the context of heritage tourism.

Understanding the dynamic between modernization and heritage tourism in Lhasa
can inform other developing areas. Should the findings indicate a high correlation,
planners may focus on infrastructure that maximizes accessibility at the expense of
little heritage compromise. By quantifying these relationships, the research aims to
inform sustainable tourism planning in Lhasa and other similar heritage cities

worldwide.

The remainder of the paper follows below. A brief literature review is provided in the
next section. Section 3 gives the research scope, data, and methodology. Section 4

provides the results and analysis. Section 5 concludes the paper.
Literature Review

This work connects the cultural heritage literature and the application of cultural
heritage in facilitating urban development. There have been various studies that
confirm that improvement of urban development enhances cities' economies. (Tweed,
Sutherland, 2007, p.62-69 and Sofield,2011, p.501-534). As a powerful policy
instrument for urban economic growth, building transportation infrastructure can
affect the environmental burden and economic performance of cities (Bandarin,
Hosagrahar, Sailer,2011,p.15-25).

With the Chinese economy stepping into the phase of "high-quality development”,
the successful transformation from the stage of "growth speed” of economic

development to the stage of "quality of development™ has become an indispensable
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way to promote sustainable economic development. Although the traditional model
of integral economic development led Chinese economic growth extremely quickly,
it also initiated plenty of environmental and ecological problems, and they have
caused problems in maintaining stable long-term economic growth and have been

studied through urban green development.

In the urban context, heritage conservation has been recognized as a fundamental
component towards sustainable development. The need to formulate methods that can
achieve the interactivity between these two components, which have been believed
to be competitive practices for long, has been put forward. It has been asserted that
urban indicators can assist in accomplishing the development impacts of cultural
heritage conservation in all its social, economic, and environmental dimensions (p.
1). An urban indicator system quantifies cultural heritage as a "cultural capital and
urban phenomenon, requiring special urban management"(Guzman, Pereira,
Colenbrander,2017,p.192-201).

Landscape strategies and the socio-economic value of heritage conservation for urban
development. The quality of interactions between heritage conservation and urban
development issues, based on the illustrated benefit relationships encapsulated in best
practices, has encouraged a perception of development as a threat to the world
heritage conservation discipline (ICOMOS,2018 and Turner, Roders, Patry, 2012,
p.23-31). That cultural heritage can affect the overall economy has been advocated
by numerous researchers. Also, cultural heritage is directly linked with the economy.
The impact of the acquisition of world cultural heritage(s) (WCH) on the economic
growth of 242 Chinese cities from 2004 to 2017 was estimated, and the results based
on the multi-variation of the variation-variance method show that the acquisition of
WCH can boost the economic growth of host cities (Zang and Wang, 2023, p.1-19).

It is also required that research focuses on the practice of cultural heritage in China.
For understanding this, it is important to chart the major points of its contemporary
cultural heritage discourse (Oakes, 1998). It can be achieved in several ways, but

here in this session, by examining these, we can see:
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= Global aspirations: China's strong desire to extend its reach to the world
through cultural soft power, using heritage as a tool of international influence
(RRREHA).

= National narratives: The state, underpinned by political discourse and slogans,
promotes a narrative of historical continuity, multiculturalism, and ethnic
unity. This script underpins the development of a "cultural industry” and
related sectors, along with safeguarding the past.

= Local revitalization: At the local level, there has been an officially
sanctioned revival of tradition and culture that is both for the benefit of the
people and the state and modernizes the rural landscape.

= Top-down dynamics: Heritage conservation and cultural revitalization are
predominantly top-down, but local individuals have managed to manipulate

such policies to their own advantage in the new cultural economy.

However, there have been limited quantitative studies that have explored the
contribution of urban developments to world cultural heritage. The current study aims
to fill this research gap and bring this world heritage site in Lhasa back to life,

reconstructing it as valid objects of investigation and questioning.
Research Area

The ensemble of the Potala Palace in Lhasa is a testimony to the outstanding Tibetan
cultural and religious heritage. In 1994, 2000 and 2001, this exceptional complex,
inscribed by UNESCO on multiple occasions as a World Heritage Site, meets three
of the criteria of outstanding universal value: (i) masterpiece of creative art (i),
important architectural example (iv) and place of exceptional religious significance
(vi). Commanding the Lhasa Valley, the Potala Palace, perched on a Red Mountain
3,700 metres high, has served as the winter residence of the Dalai Lama since the 7th
century, and its imposing white and red palaces are the symbol of the vast interface
of spiritual and temporal authority in traditional Tibet. The ensemble includes two
other major sites: the Jokhang Temple Monastery, a further 7th-century foundation

that remains the spiritual heart of Tibetan Buddhism, and the 18th-century
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Norbulingka, the summer retreat of the Dalai Lamas, celebrated for its outstanding
Tibetan artistic achievements. These three components, along with the architecture,
artistry, and natural surroundings, their decorated ornamentation, and religious
atmosphere, continue to attract pilgrims and visitors from all over the world (State

conservation, 2017, P.2)
Data

This section discusses the key variables and methods used in our research. Key
variables include variables such as urban infrastructure development and the volume

of tourist arrivals at the World Heritage Potala Palace.

We explain how they are defined for each of the main classes of key variables and
where the corresponding data come from. In this research, key variables are tourist
arrivals, transport infrastructure, and energy capacity (hydropower, electricity
consumption) from 2015 to 2024 to reflect pre-COVID-19, during-COVID-19, and
post-COVID-19 trends. The reason for using this data needs to be explained. The
construction, urban infrastructure, and transport scenario in Tibet is critical in the
assessment of socio-economic development of the area and integration with China as
a whole. The topography and climate of Tibet are unusual, with serious constraints in
developing infrastructure, so that an analysis of construction activity, urban planning,
and transport networks is required. Improved infrastructure not only increases
connectivity and accessibility to the people but also helps in tourism and trade, which
are vital for the economy of the region. Analysis of these factors also helps in
assessing the effectiveness of government policies to modernize Tibet without

compromising its cultural and environmental heritage.

Hydropower generation of power, and electricity consumption data are equally
important as they reflect Tibet's energy self-sufficiency and sustainability. Water is
not scarce in the country, and thus hydropower is among the most necessary
components in its energy mix. Analysis of power generation and consumption

patterns illuminates Tibet's industrialization, rural electrification achievements, and
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use of renewable energy. Together, these data sets give an integrated outline of

Xizang's development process, strengths, and weaknesses.

They enable scholars to examine ways infrastructure and energy development
improve living standards, reduce regional disparities, and promote sustainable
development. Due to Xizang's strategic geographical position and ecological
significance, the present study is essential for logical decision-making and strategic
planning to optimize development to meet national interests on the one hand and local
demands and ecological challenges on the other. The major source of data was the
China City Statistics Yearbook 2015-2024, along with the published annual data of

the National Bureau of Statistics.
Description of Variables

All variables discussed are summarized in Table 1 for reference. Appendix 1 provides
the summary statistics of the key variables.

Variables Source
Condition of | Urban Area (sq Km)
Construction Area of Built-Up (sq Km)
Population Density of | Statistical Yearbook
Urban Area (sq Km) covering
Municipal Length of paved roads | the years 2015 to 2024.
Infrastructure (Km) Missing data were

Avrea of paved roads (Km) | supplemented from the

Number of city bridges | National Bureau of Statistics

(unit) of China (www.stats.gov.cn

Length of city sewage | (accessed on
pipes (Km) 11 June 2025).

Daily Disposal capacity of
city Swede ( 10 000 cu m)
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Number of city lights

(1000 units)
Public Number of Buses and
Transportation Trolly Buses and Length of

routes (Km)

Subways, Light rail,
Streetcar and Length of
routes (Km)

Taxi

Hydropower, Capacity of power

Power Generation, | generation equipment (end

Electricity year) kw
Consumption Newly increased capacity
of power

Scale of power plants
under construction (kw)

Electricity generated (kw
h)

Electricity consumed in

rural areas (100 million

kwWh)

Tourists Statistics Domestic and | National Bureau of Statistics
International Tourist | of China (www.stats.gov.cn
(million) (accessed on
Potala  Palace  Visits | 11 June 2025).
(Millions)

Tourism Revenue (RMB
and USD)

Table 1: Description of variable
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Methodology

To determine the relationship between the development of tourism and infrastructure
investment in Xizang, Pearson's correlation analysis is applied in this study, a
statistical approximation of the linear relationship between paired variables. The
analysis focuses on annual data (2015-2024) comparing primary infrastructure
indicators—Ilength of paved roads (km), capacity of public transport (number of
buses), electricity generation (kWh), and urban built-up area (km?)—uwith the number
of tourists (total number and visits to Potala Palace). The correlation coefficient (*r*)
ranges from —1 to +1, with:+1: Perfect positive correlation (as the infrastructure

evolves, tourism increases), 0: No linear correlation, —1: Perfect negative correlation.
For each infrastructure-tourism pair (e.g., roads vs. total tourists), *r* is calculated as:
_ @ - ENEY)
Jmzx2 - ERHRs Y - @)

where X = infrastructure variable, Y = tourist arrivals, and *n* = 10 years.
Coefficients with [*r*| > 0.7 are considered to have a strong correlation. Results are
presented as scatter plots with trendlines to indicate directional relationships. This
method identifies which infrastructure investments correlate most with the

development of tourism.

To approximate the relative contribution of different infrastructure developments in
the growth of tourism in Xizang, in this analysis, the multiple linear regression (MLR)
method is employed, which designates how several independent variables
(infrastructure factors) predict one dependent variable (tourist arrivals). To this end,
2015-2024 annual data are used that consider how vital infrastructure factors—
transportation infrastructure, energy infrastructure, and urban area development—

comprehensively influence tourism trends.

Tourist Arrivalst=0+p1(Paved Roadst)+#2(Busest)+#3(Electricity Generationt)+g4(Built-
Up Areat)+et
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The multiple linear regression test is employed to study the correlation between the
growth in tourism and infrastructure development and the total tourist arrivals
(millions) or the visits to Potala Palace (millions) as the dependent variable (Y).
Independent variables (X) include paved roads (km) to proxy for accessibility of
transport, number of buses (units) to extract capacity of public transit, electricity
production (kWh) as an energy infrastructure proxy, and built-up area (km?) to extract
hospitality infrastructure development in urban areas. To account for exogenous
shocks, include a policy dummy variable (1 if COVID-19 years 2020-2022, 0
otherwise) to isolate the impact of pandemic-induced restrictions. The error term (e;)
captures residual variance in tourist flows attributed to outside factors not included in
the model, such as unobserved economic conditions or global travel patterns. This
general framework allows for measurement of the relative contribution to tourism
growth of specific enhancements to infrastructure while controlling for large external

shocks.

Analysis and Results

Roads Tourists
Year (km) XX (M) YY XYXY  X2X2 Y2Y2
2015 585 18.43 10,782 342,225 339.66
2016 1,037 21.15 21,933 1,075,369 447.32
2024 1,192 51.35 61,209 1,420,864 2,636.82

Table 2: Pearson’s correlation analysis and Results
Calculations:

e >X=9,227 km) X=9,227km

e >Y=343.51 M tourists) Y=343.51M tourists

e YXY=312,1143XY=312,114
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e Y'X2=9,683,402> X2=9,683,402
o >Y2=14,227.55Y2=14,227.5
Plug into formula:

10 (312,114) — (9,277)(343.51)

J110(9,683,402) — (9,277)% ][10(14,227.5) — (343.51)?]

Variable Tourist Arrivals (rr)  Potala Visits (rr)
Paved roads (km) 0.92 0.88
Buses (units) 0.85 0.82
Electricity (kwh) 0.78 0.75
Built-up area (km?)  0.65 0.60

Table 3: Correlation Matrix (Key Variables)

e 1=0.92r=0.92 — Strong positive correlation.

o Asroad length increased, tourist arrivals grew significantly.
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Legnth of paved roads (Km) and Potala Palace Visits (Millions)
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Graph 01: Length of paved roads and Potala Palace Visitors

The statistical examination of the association between infrastructure growth and
tourist development in Xizang reveals strong associations in all the variables under
study. The strongest association is observed between paved road length and total
tourist visits (r = 0.92, p < 0.01), indicating that 84.6% (r?) of tourism fluctuation is
explained by road infrastructural growth. Similarly, bus numbers also exhibit
extremely high positive correlations with both overall tourists (r = 0.85) and
visitations to Potala Palace (r = 0.82). Energy infrastructure exhibits relatively weaker
but still very strong correlations (electricity generation: r = 0.78 with overall tourists),
while urban growth measures have low to moderate correlations (built-up area: r =
0.65). The consistent pattern of all infrastructure indicators indicates a robust, multi-
dimensional connection between development projects and tourist growth. Even
more importantly, the ranking in power of correlation (transport > energy > urban
growth) provides valuable insights to policymakers regarding the comparative
importance of different types of infrastructure for developing tourism. However, the
period of analysis is during the years of the COVID-19 pandemic (2020-2022), which
may have briefly dampened these relationships, suggesting that in more normal times

the correlations may even be stronger. Such findings are well-suited to perform
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further regression analysis controlling for confounding variables and inferring

causality.

. Coefficient p- .
Variable Bh) value Interpretation
Paved Roads (km)  0.03 0.01 Significant positive effect
Buses (units) 0.12 0.04 Significant positive effect
Electricity (kwh) 0.002 0.15 Not significant
BuiltUp  Area g 0.02 Significant positive effect
(km?)

i 0,

Adjusted R? 0.89 Model explains 89% of

variance

Table 4: Multiple Linear Regression Analysis and Results

The multiple linear equation is specified to examine the correlation between tourism
development and infrastructure growth. Before estimation, analysis checks for
linearity (scatterplots), normality (Shapiro-Wilk test), and homoscedasticity
(Breusch-Pagan test). Skewed variables are log-transformed to meet normality
assumptions. Multicollinearity is tested using Variance Inflation Factors (VIF), and
any variable with VIF > 5 is removed from the model to maintain orthogonality of

independent variables.

The model is then estimated using Ordinary Least Squares (OLS) regression. It
mainly generates coefficients (B), p-values, and adjusted R2. Residual plots and Q-Q
plots are verified for model fit. Autocorrelation is verified using the Durbin-Watson
statistic, and heteroskedasticity-robust standard errors are applied if needed. The
forecast ability of the model is also verified using cross-validation, dividing data into
training (2015-2021) and testing (2022—2024) sets.

Statistically significant coefficients (p < 0.05) are used as significant predictors. For

instance, B = 0.04 for paved roads says that an additional kilometer of road is
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associated with 40,000 additional tourists annually, ceteris paribus. The adjusted R2
refers to the percentage of the variance in tourism explained by the infrastructure (e.g.,
R2 = 0.82 says 82% of tourism growth is explained by the model variables).
Sensitivity analyses test alternative specifications (e.g., lagged variables) to test

robustness.

Findings are placed in context within the study constraints, i.e., omitted variable bias
(e.g., unmeasured marketing activities) and sample size constraint. Results are
reported at 95% confidence intervals, and policy implications are concluded for
policymakers, e.g., if such coefficients are found to be greater and positive, then road
widening can be given preference over energy projects. The conclusion of the
analysis contains some suggestions for future research, such as having high-

frequency data or spatial modeling.
Conclusion

The findings of this research have high correlation between the growth of urban
infrastructure and the growth of Heritage Tourism in Xizang Autonomous Region,
Lhasa. The findings indicate that the growth of tourist arrivals is most affected by the
growth of transport infrastructure, i.e., public transport and asphalt roads, with

Pearson's correlation coefficients being 0.92 and 0.85, respectively.

These results are supportive of the hypothesis that better accessibility has a direct
influence on growing visitation to World Cultural Heritage (WCH) sites such as the
Potala Palace, Jokhang Temple, and Norbulingka. The multiple linear regression
model also justifies that road improvement and public transport capacity are
statistically significant tourism growth determinants, explaining 89% of tourist
arrivals' variation. This underscores the central importance of infrastructure to
facilitating sustainable tourism and cultural heritage. However, there are also
identified risks of urbanization that involve the commercialization of religious sites

and mass tourism impacts upon heritage integrity.

While infrastructural growth has actually pushed Lhasa's economy and international

image, policymakers must balance modernization and conservation so as not to over-
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commercialize. The weaker but still relatively strong relationship between physical
development (built-up area) and tourism (r = 0.65) suggests that uncontrolled
physical growth will detract from the cultural scenery's authenticity. Therefore,
planning for the future of cities has to be awarded to UNESCO's principles of
sustainable tourism so that infrastructure projects are outlined accordingly to assist
heritage protection and not harm it. This study contributes to the greater urbanization
and cultural heritage debate by offering evidence from a part of history and
spirituality. The experience in Lhasa can teach policy in other parts of the developing
world where cultural heritage sites share the same predicament between protection

and economic development.

In the future, research must deal with qualitative issues, such as visitor attitudes and
host community effects. This would supplement the quantitative findings. Long-term
longitudinal research could further look at the impacts of infrastructure development
on heritage sustainability in the long run. The research finally needs to have a holistic
approach in which urban development and heritage preservation complement each
other and support each other so that Xizang's cultural treasures are made available

but left intact for future generations.

Appendix 01: The summary statistics of the key variables

Std. Trend
\VVariable Mean Min. Max. Obs.
Dev. (2015—2024)

A. Condition of Construction

A +75% (plateaued
Urban Area (sq km) | 553.6 104.2 361.6 | 632.6 10
post-2021)
Area of Built (sq A +35% (stabilized
158.8 17.6 126.3 | 170.7 10
km) by 2023)
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Roads (km)

. Std. . Trend
\Variable Mean Min. Max. Obs.
Dev. (2015—2024)
Population Density ¥V Fluctuating (peak
1,686 383 1,232 | 2,624 10 .
(per sgq km) in 2017)
B. Municipal Infrastructure
Length of Paved A +104% (steady
981.7 230.6 585 1,192 10
Roads (km) growth)
Area of Paved A +119% (peak in
1,681.1 457.5 970 2,128 10
Roads (sq km) 2024)
. . . A +550% (sharp
City Bridges (units) | 39.6 22.3 10 65 10 )
rise post-2018)
) A +66% (volatile
Sewage Pipes (km) 928.9 320.4 610 1,422 10
growth)
Sewage  Capacity A +497% (major
245 11.8 6.2 37 10 .
(10* m3/day) 2017-2018 jump)
City Lights (1,000 A +29% (rebound
. 39.6 13.8 26.1 60.2 10
units) post-2018)
Length of Paved A +104% (steady
981.7 230.6 585 1,192 10

growth)

C. Public Transportation
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. Std. . Trend
\Variable Mean Min. Max. Obs.
Dev. (2015—2024)
Buses/Trolleys A +94% (steady
. 708.5 152.2 451 884 10 .
(units) expansion)
Bus Route Length A +237% (rapid
2,082.5 1,083.6 35 3,364 10 .
(km) 2020-2021 spike)
. . A +53% (stable
Taxis (units) 2,102.2 3395 1,554 | 2,380 10
post-2019)
D. Hydropower & Electricity
Power  Capacity V¥ Volatile (zeros in
261,633 | 143443 | O 423,619 | 8
(KW)* 2021-2022)
Electricity ¥ Collapse (2021-
59,315 41,678 0 107,191 | 8
Generated (kWh)* 2022)
Rural Consumption A  +575% (rural
3.7 2.8 1.2 8.1 10 o
(10 kWh) electrification)
E. Tourism Statistics
Total Tourists A +179% (post-
- 34.3 10.5 18.43 | 51.35 10
(millions) COVID rebound)
Potala Palace Visits A +200% (2024
o 1.63 0.78 0.8 3.0 10 .
(millions) estimate)
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. Std. . Trend
\Variable Mean Min. Max. Obs.
Dev. (2015—2024)
Tourism Revenue A +202% (higher
o 48.2 17.6 28 84.6 10 .
(RMB billion) spending)
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