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ABSTRACT  

This study examines the impact of air pollution on international tourist arrivals in Uzbekistan, 

with a focus on PM2.5 levels as a critical environmental factor. Using a panel dataset covering 

five key regions—Tashkent, Samarkand, Bukhara, Khiva, and Andijan—from 1995 to 2023, the 

analysis employs a fixed effects panel regression model to account for unobserved regional 

and temporal heterogeneity. The findings reveal that higher PM2.5 levels significantly deter 

tourist inflows, while economic development, as measured by GDP per capita, positively 

influences tourism demand. Additionally, adverse climatic conditions, including increased 

rainfall, are associated with reduced tourist arrivals. These results highlight the 

interconnectedness of environmental quality, economic conditions, and tourism dynamics, 

providing actionable insights for policymakers. The study emphasizes the importance of 

improving air quality, fostering economic development, and adopting climate adaptation 

strategies to ensure the sustainable growth of Uzbekistan's tourism sector. 
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Introduction 

Tourism plays a critical role in the socio-economic 
development of nations, contributing significantly to GDP, 
employment, and cultural exchange. However, the 
sustainability of tourism is increasingly threatened by 
environmental challenges, particularly air pollution. As 
global concerns about environmental degradation 
intensify, there is growing recognition of how air quality 
influences tourist behavior and destination choices. While 
previous studies have explored the intersection of 
environmental sustainability and tourism globally, limited 
research has focused on the specific impacts of air pollution 
on tourism in Central Asia, particularly in Uzbekistan. 

Existing literature underscores the profound implications of 
environmental degradation on tourism. Barik et al. (2024) 
highlighted the detrimental effects of coastal pollution on 
biodiversity and tourism ecosystems, while Ben-Haddad et 
al. (2024) documented similar challenges posed by 
macroalgal blooms in Morocco. These findings emphasize 
that environmental pollution not only diminishes aesthetic 
and ecological value but also disrupts the tourism industry's 
ability to thrive. Moreover, studies such as those by Bian et 
al. (2024) and Fu et al. (2024) demonstrate the necessity of 
mitigating environmental risks through targeted 
investments and green policies to ensure sustainable 
tourism development. From a regional perspective, 
Ibragimov et al. (2022) analyzed the influence of climate 

change and governance on tourism in Central Asia, 
providing critical insights into the region's vulnerabilities 
and policy needs. 

Uzbekistan, with its rich cultural heritage and historical 
significance, has significant potential as a global tourism 
destination. However, the nation faces environmental 
challenges, including rising air pollution levels, which may 
hinder its ability to attract international tourists. This study 
aims to investigate the relationship between air pollution, 
as measured by PM2.5 levels, and tourist arrivals in 
Uzbekistan. By incorporating additional economic and 
climatic variables such as GDP per capita, temperature, and 
rainfall, this research provides a comprehensive framework 
for understanding the determinants of tourism demand. 
Employing a fixed effects panel regression model, this study 
seeks to quantify the extent to which air pollution impacts 
tourism while accounting for regional and temporal 
heterogeneity. 

This research contributes to the existing body of knowledge 
by addressing a critical gap in the literature on 
environmental sustainability and tourism in Uzbekistan. 
Furthermore, the findings aim to inform policymakers 
about strategies to improve air quality, foster economic 
development, and adapt to climatic challenges, ensuring 
the sustainable growth of Uzbekistan’s tourism sector.  
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Literature Review 

Tourism and environmental sustainability are increasingly 
interconnected, with air pollution emerging as a critical 
factor influencing tourist behavior and destination choices. 
The studies reviewed here collectively explore various 
dimensions of tourism and its environmental impacts, 
offering valuable insights for understanding the 
implications of air pollution on Uzbekistan's tourist arrivals. 

Barik et al. (2024) investigated beach litter pollution along 
Odisha's coast, emphasizing its impact on biodiversity and 
the broader tourism ecosystem. The findings highlighted 
that unmanaged waste and pollution deter tourists, 
underlining the need for robust management practices to 
sustain coastal tourism. Similarly, Ben-Haddad et al. (2024) 
examined macroalgal blooms on Moroccan coasts, finding 
that such environmental challenges not only degrade 
aesthetic value but also hinder the tourism industry's ability 
to thrive. These studies emphasize the tangible 
consequences of environmental degradation on tourism. 
Bian et al. (2024) focused on microplastic pollution in coral 
reef ecosystems in the South China Sea, demonstrating the 
deleterious effects on biodiversity and the potential to 
deter ecotourism. Their findings underscore the critical role 
of addressing pollution to maintain ecological integrity and 
attract environmentally conscious tourists. Parallelly, Fu et 
al. (2024) assessed the influence of green finance on 
sustainable tourism, illustrating that strategic investments 
can mitigate environmental challenges and bolster 
tourism's long-term viability. 

From a broader economic perspective, Elgin and Elveren 
(2024) presented a multidimensional analysis of tourism's 
economic impact, emphasizing its dual potential to drive 
development and exacerbate environmental concerns if 
not managed sustainably. In a related vein, Gan et al. (2024) 
explored strategies to decouple tourism growth from 
carbon emissions, highlighting the feasibility of sustainable 
tourism through innovative policy frameworks. Ding et al. 
(2024) examined the resilience of the tourism economy 
amidst the COVID-19 pandemic, offering insights into how 
external shocks can intersect with environmental and 
economic vulnerabilities. Their findings have implications 
for understanding how air pollution may compound such 
vulnerabilities in tourism-dependent regions. Additionally, 
Guo et al. (2024) discussed the role of pro-poor ethnic 
tourism in achieving sustainable development goals, 
reinforcing the importance of balancing environmental, 
social, and economic priorities in tourism planning. 

Ibragimov, Perles-Ribes, and Ramón-Rodríguez (2022) 
contributed significantly to understanding the 
determinants of tourism demand in Central Asia. Their 
study on the impact of climate change on Kazakhstan's 
tourism demand (2022) revealed that environmental 

challenges like temperature fluctuations and air quality 
deterioration significantly affect tourist inflow. In a related 
study, Ibragimov et al. (2022) explored the role of 
governance quality in influencing inbound tourism demand 
in Central Asia, emphasizing the need for effective policies 
to mitigate environmental and institutional barriers. 
Furthermore, their gravity model analysis of economic 
determinants (2022) provided a comprehensive framework 
to assess the interplay between environmental and 
economic factors affecting tourism. Finally, Bi and Li (2024) 
analyzed tourism's contribution to green water-use 
efficiency in China's Yellow River Basin, demonstrating that 
tourism, when integrated with environmental 
conservation, can enhance resource efficiency. Similarly, Ha 
Van et al. (2024) explored the nexus of tourism, finance, 
and the environment in Southeast Asia, advocating for a 
synergistic approach to achieving sustainable development. 

These studies collectively highlight the multifaceted 
interplay between environmental quality, particularly 
pollution, and tourism dynamics. They provide a robust 
foundation for investigating how air pollution impacts 
tourist arrivals in Uzbekistan, emphasizing the necessity of 
sustainable practices and effective governance to ensure 
long-term growth and resilience in the tourism sector. 

Data and Methodology 

The data for this study comprises a panel dataset covering 
five regions of Uzbekistan—Tashkent, Samarkand, Bukhara, 
Khiva, and Andijan—over the period from 1995 to 2023. 
The dependent variable is tourist arrivals, which represents 
the annual number of international tourists visiting each 
region. This measure was selected as it direcratly reflects 
tourism demand and allows for an assessment of how 
environmental and socioeconomic factors impact regional 
tourism dynamics. The data for tourist arrivals was obtained 
from the Uzbekistan State Committee for Tourism 
Development, a reliable source for tourism statistics in the 
country. 

The primary independent variable is PM2.5, which captures 
the average annual concentration of particulate matter in 
micrograms per cubic meter (µg/m³). PM2.5 is widely 
recognized as a critical indicator of air pollution due to its 
significant health and environmental implications. Data for 
PM2.5 was sourced from trends reported by the World 
Health Organization (WHO) or Uzbekistan’s State 
Committee on Environmental Protection. This variable was 
chosen because air quality is a major determinant of 
tourists’ health, comfort, and overall experience, directly 
influencing their decision to visit a destination. 

To account for the economic and climatic factors 
influencing tourism, additional variables were included. 
GDP per capita, expressed in US dollars, serves as a proxy 
for the economic development of a region and its capacity 
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to support tourism infrastructure. The data was obtained 
from the Uzbekistan Statistics Agency and global databases 
such as the World Bank. Temperature, measured in degrees 
Celsius, and rainfall, expressed in millimeters, were also 
included as they significantly affect tourist preferences and 
activities, particularly in regions with outdoor attractions. 
These climatic variables were derived from Uzbekistan’s 
Hydrometeorological Service and other global climate 
monitoring platforms. 

To analyze the impact of air pollution on tourist arrivals in 
Uzbekistan, a fixed effects panel regression model is 
employed. This approach is chosen to control for 
unobserved heterogeneity across regions and to ensure 
that the estimated relationships between air pollution and 
tourism demand are not confounded by time-invariant 
characteristics unique to each region. 

The fixed effects model is specified as follows: 

TouristArrivals𝑖,𝑡 = 𝛼𝑖 + 𝛽1𝑃𝑀2.5𝑖𝑡 + 𝛽2𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡𝑎 𝑖𝑡
+ 𝛽3𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑢𝑡𝑒𝑖𝑡 + 𝛽3𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙𝑖𝑡 + 𝛾𝑡
+ 𝜀𝑖𝑡  

Variable Description 

Tourist 
Arrivals 

Dependent variable, representing the number 
of international tourists visiting region i in year 
t. 

Region-
specific 
fixed 
effects 

Accounts for unobserved, time-invariant factors 
unique to each region, such as cultural heritage 
or regional policies. 

PM2.5 
Primary independent variable, capturing the 
annual average concentration of particulate 
matter (µg/m³) in region i during year t. 

GDP Per 
Capita 

Control variable representing the regional 
economic development level (in USD). 

Temperat
ure 

Climatic control variable, reflecting the annual 
average temperature (°C) in region i. 

Rainfall 
Climatic control variable, representing the total 
annual rainfall (mm) in region i. 

Year-
specific 
fixed 
effects 

Controls for time trends or global events 
affecting all regions (e.g., economic crises, 
pandemics). 

Error 
term 

Represents unexplained variations after 
accounting for fixed effects and covariates. 

Source: author elaboration 

Results and Discussion 

Table 1 shows the fixed effects model result which reveals 
that air pollution (PM2.5) has a significant negative impact 
on tourist arrivals in Uzbekistan  (coefficient = -148.57, p = 
0.017), indicating that higher pollution levels deter tourists. 
GDP per capita shows a strong positive relationship 
(coefficient = 12.37, p < 0.001), highlighting the importance 
of economic development in attracting tourists. Rainfall 
also has a significant negative effect (coefficient = -50.04, p 

= 0.031), while temperature (coefficient = -283.24, p = 
0.076) is marginally significant, suggesting that unfavorable 
climatic conditions may reduce tourist inflow. Regional 
fixed effects are not statistically significant, indicating that 
unobserved region-specific characteristics do not 
significantly influence tourist arrivals after accounting for 
the included variables. Overall, the results underscore the 
importance of improving air quality and fostering economic 
development to boost tourism demand in Uzbekistan. 

Table 1 The impact of pollution on tourist arrivals using 
fixed effect model 

Variable Coefficient p-Value 

Intercept 53105.903 0.002 

C(Region)[T.Bukhara] 11043.355 0.158 

C(Region)[T.Khiva] 6585.392 0.412 

C(Region)[T.Samarkand] 8591.315 0.275 

C(Region)[T.Tashkent] 530.861 0.945 

PM25 -148.573 0.017 

GDP_Per_Capita 12.368 0.000 

Temperature -283.236 0.076 

Rainfall -50.038 0.031 

   Source: estimated in STATA; R-squared: 0.63 
 

Conclusion and Recommendations 

The analysis demonstrates that air pollution significantly 
affects tourist arrivals in Uzbekistan, with higher PM2.5 
levels deterring international visitors. Economic 
development, as reflected by GDP per capita, positively 
influences tourism demand, while adverse climatic factors 
such as increased rainfall also play a role in reducing tourist 
inflows. These findings highlight the interconnectedness of 
environmental quality, economic conditions, and tourism 
demand. The results have important policy implications for 
Uzbekistan’s tourism sector. First, efforts to improve air 
quality should be prioritized to attract more international 
tourists. This could include stricter environmental 
regulations, investments in renewable energy, and 
enhanced monitoring of pollution levels. Second, economic 
development policies should emphasize the expansion of 
tourism infrastructure, such as improving transportation 
networks, accommodations, and regional attractions. Third, 
climate adaptation strategies are necessary to mitigate the 
adverse effects of weather conditions, such as promoting 
indoor attractions or ensuring that tourism infrastructure is 
resilient to extreme weather events. By addressing 
environmental and economic factors simultaneously, 
policymakers can foster sustainable tourism growth while 
enhancing the overall attractiveness of Uzbekistan as a 
tourist destination. This dual approach will ensure that the 
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country can compete effectively in the global tourism 
market while safeguarding its natural and cultural heritage. 
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