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Abstract. This research is devoted to assessing the impact of traffic flow on

the environmental sustainability of Tashkent city during the period from 2000 to

2024. The study analyzes the growth dynamics of harmful substance emissions

from the transport sector into the urban atmosphere, as well as the impact of this

process  on  public  health  and  environmental  conditions  in  the  city.  The  article

examines the environmental problems arising from the increase in the number of

vehicles and ways to solve them. Research results show that over the past twenty-

four years,  the level  of  air  pollution in Tashkent has increased significantly in

connection  with  the  growing  number  of  vehicles.  This  situation  has  a  serious

impact on the city's sustainable development strategy and requires comprehensive

solutions.
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Annotatsiya. Mazkur  tadqiqot  Toshkent  shahrining  2000-2024  yillar

oralig'ida transport vositalari oqimining ekologik barqarorlikga ta'sirini baholashga

bag'ishlangan.  Tadqiqot  jarayonida  transport  sektorining  shahar  atmosferasiga

zararli  moddalar  chiqarishining  o'sish  dinamikasi,  shuningdek,  bu  jarayonning

shahar aholi salomatligiga va atrof-muhit holatiga ta'siri tahlil qilingan. Maqolada

transport  vositalari  sonining  ko'payishi  natijasida  yuzaga  kelayotgan  ekologik

muammolar hamda ularni  hal qilish yo'llari  ko'rib chiqilgan. Tadqiqot natijalari

shuni ko'rsatadiki, so'nggi yigirma to'rt yil davomida Toshkent shahrida transport

vositalari soni tobora ortib borishi bilan bog'liq holda havoning ifloslanish darajasi

sezilarli darajada oshgan. Bu holat shaharning barqaror rivojlanish strategiyasiga

jiddiy ta'sir ko'rsatmoqda va kompleks yechimlarni talab qilmoqda.

Kalit  so'zlar: ekologik  barqarorlik,  transport  oqimi,  havo  ifloslanishi,

Toshkent shahri, barqaror rivojlanish, atrof-muhit monitoringi.

Аннотация. Данное  исследование  посвящено  оценке  влияния

транспортных потоков на  экологическую устойчивость города Ташкента в

период с 2000 по 2024 год. В исследовании анализируется динамика роста

выбросов  вредных  веществ  из  транспортного  сектора  в  городскую

атмосферу,  а  также  влияние  этого  процесса  на  здоровье  населения  и

экологическую  обстановку  в  городе.  В  статье  рассматриваются

экологические проблемы,  возникающие в  связи с  увеличением количества

транспортных  средств,  и  пути  их  решения.  Результаты  исследований

показывают,  что  за  последние  двадцать  четыре  года  уровень  загрязнения

воздуха  в  Ташкенте  значительно  возрос  в  связи  с  ростом  количества

транспортных средств. Сложившаяся ситуация оказывает серьезное влияние

на стратегию устойчивого развития города и требует комплексных решений.

Ключевые  слова: экологическая  устойчивость,  транспортный  поток,

загрязнение  воздуха,  город  Ташкент,  устойчивое  развитие,  экологический

мониторинг.
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INTRODUCTION

Since the beginning of the 21st century, the number of vehicles in Tashkent,

the capital of Uzbekistan, has increased dramatically as a result of socio-economic

changes.  Starting  from  the  2000s,  with  the  country's  transition  to  a  market

economy, the number of private vehicles grew exponentially. While this process

has served to improve the quality of life for the city's population on one hand, it

has created serious environmental problems on the other. The transport sector is

one of the sectors that emit the most harmful substances into the atmosphere in

modern cities, and this issue is of urgent importance for Tashkent as well.

The  geographical  location  and  climatic  characteristics  of  Tashkent  create

additional  conditions  for  the  accumulation  of  transport  emissions  in  the

atmosphere. The city's location in flat relief conditions and relatively weak winds

lead to harmful substances remaining in the atmosphere for long periods. At the

same time, the high population density and level of economic activity in the city

further  increase  the  transport  burden.  This  situation  makes  ensuring  the  city's

environmental sustainability a strategically important issue.

The  issue  of  the  environmental  impact  of  vehicles  has  been  extensively

studied in scientific literature. However, an in-depth analysis of this issue using

Tashkent as an example and its long-term assessment remain insufficiently studied.

Research by Kenessov et  al.  [1]  demonstrates  that  urban air  quality in  Central

Asian  cities  is  significantly  influenced  by  vehicular  emissions,  with  particular

emphasis  on  the  role  of  meteorological  conditions  in  pollutant  dispersion.

Similarly, Zhang and Wang [2] highlight the critical relationship between urban

transport systems and environmental sustainability indicators in rapidly developing

cities.

The  relevance  of  this  research  is  determined  by  several  factors.  First,

Tashkent is one of the largest cities in Central Asia with a population exceeding

2.5 million people, making it a significant case study for understanding transport-

environment interactions in the region. Second, the rapid economic development

and  motorization  of  the  city  over  the  past  two  decades  provide  an  excellent
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opportunity to analyze the dynamics of environmental changes. Third, the findings

of this research can contribute to the development of sustainable urban transport

policies not only for Tashkent but also for other rapidly developing cities in the

region.

METHODOLOGY AND LITERATURE REVIEW

This  research  employs  a  comprehensive  analytical  approach  based  on

secondary data analysis and comparative assessment of environmental indicators

over the specified period. The methodological framework combines quantitative

analysis of statistical data with qualitative assessment of environmental trends and

their correlation with transport development patterns. The study utilizes official

statistical  data  from  the  State  Committee  of  the  Republic  of  Uzbekistan  on

Statistics, environmental monitoring reports from the State Committee for Ecology

and Environmental  Protection,  and international  databases  on urban air  quality

indicators.

The literature review reveals several key research directions in the field of

urban transport environmental impact assessment. Moldabekov and Satybaldiyeva

[3] conducted extensive research on air pollution patterns in Central Asian cities,

demonstrating that vehicular emissions contribute approximately 60-70% of total

urban air pollution in the region. Their findings indicate that cities with similar

geographical  and  climatic  conditions  to  Tashkent  experience  comparable

challenges  in  managing  transport-related  environmental  impacts.  International

research by Chen et al. [4] provides valuable insights into the relationship between

urban motorization rates and environmental sustainability indicators, showing that

cities  experiencing  rapid  motorization  phases  require  immediate  policy

interventions to prevent irreversible environmental degradation.

The theoretical framework for assessing environmental sustainability in urban

contexts has been extensively developed by Thompson and Rodriguez [5],  who

propose  a  multi-dimensional  approach  incorporating  air  quality  indicators,

greenhouse gas emissions, noise pollution levels, and public health impacts. Their

methodology  emphasizes  the  importance  of  long-term  trend  analysis  in
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understanding  the  cumulative  effects  of  transport  emissions  on  urban

environments. This approach is particularly relevant for Tashkent, where the rapid

increase in vehicle numbers over the past two decades provides substantial data for

trend analysis.

Research specific to post-Soviet urban environments by Petrov and Ivanova

[6]  highlights  unique  challenges  faced  by  cities  undergoing  rapid  economic

transition.  Their  study  demonstrates  that  cities  in  this  region  often  experience

accelerated  motorization  without  corresponding  development  of  environmental

protection infrastructure, leading to disproportionate environmental impacts. This

finding  is  particularly  relevant  for  understanding  the  Tashkent  case,  where

economic  liberalization  has  coincided  with  rapid  growth  in  private  vehicle

ownership.

Environmental monitoring methodologies employed in this research are based

on established international standards for urban air quality assessment. The study

focuses on key pollutants associated with vehicular emissions, including nitrogen

oxides (NOx), carbon monoxide (CO), particulate matter (PM2.5 and PM10), and

volatile  organic  compounds  (VOCs).  These  indicators  are  internationally

recognized as primary measures of transport-related air pollution and are regularly

monitored  in  Tashkent  through  a  network  of  air  quality  monitoring  stations

established with international technical assistance.

The temporal scope of the research (2000-2024) was selected to capture the

full  period  of  economic  transition  and  rapid  motorization  in  Uzbekistan.  This

timeframe  allows  for  comprehensive  analysis  of  both  the  initial  phase  of

motorization  (2000-2010)  and  the  acceleration  phase  (2010-2024),  providing

insights  into  the  evolving  relationship  between  transport  development  and

environmental sustainability. The research methodology acknowledges limitations

inherent  in  secondary  data  analysis,  including  potential  inconsistencies  in  data

collection methods over time and variations in monitoring station coverage and

quality.

RESULTS AND DISCUSSION
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The  analysis  of  transport  flow  impact  on  Tashkent's  environmental

sustainability  reveals  significant  trends  and  concerning  developments  over  the

2000-2024 period. Statistical data indicates that the number of registered vehicles

in Tashkent increased from approximately 180,000 units in 2000 to over 850,000

units  by  2024,  representing  a  growth  rate  of  more  than  370%.  This  dramatic

increase in motorization has had profound implications for the city's environmental

sustainability indicators.

Air quality monitoring data demonstrates a strong correlation between vehicle

growth  and  deteriorating  atmospheric  conditions.  Nitrogen  dioxide  (NO2)

concentrations,  primarily  attributed  to  vehicular  emissions,  have  increased  by

approximately 180% over the study period,  with annual average concentrations

rising  from  0.032  mg/m³  in  2000  to  0.089  mg/m³  in  2024.  Similarly,  carbon

monoxide  levels  have  shown  consistent  upward  trends,  with  peak  hour

concentrations  in  high-traffic  areas  frequently  exceeding  WHO  recommended

standards by 150-200%. Particulate matter concentrations, particularly PM2.5 and

PM10, have exhibited alarming increases, with PM2.5 annual averages rising from

28 μg/m³ in 2000 to 67 μg/m³ in 2024, significantly exceeding WHO guidelines of

15 μg/m³.

The spatial distribution of air pollution in Tashkent clearly correlates with

traffic  density  patterns.  Central  districts  and  major  transportation  corridors

consistently show higher pollution levels compared to peripheral areas with lower

traffic volumes. Research by Karimov [7] confirms that traffic-related air pollution

in Tashkent  follows predictable  spatial  patterns,  with concentrations decreasing

exponentially with distance from major roadways. This finding is consistent with

international research on urban air pollution patterns and confirms the primary role

of vehicular emissions in determining local air quality.

Table 1 presents the evolution of key environmental indicators in Tashkent

from 2000 to 2024, demonstrating the clear deterioration in air quality parameters.

The data shows that all major pollutants associated with vehicular emissions have

increased  substantially  over  the  study  period.  Nitrogen  oxides,  which  serve  as
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primary  indicators  of  traffic-related  pollution,  have  more  than  doubled,  while

particulate  matter  concentrations  have  increased  by  140%.  These  increases  far

exceed  the  growth  rates  observed  in  cities  with  effective  environmental

management  policies,  indicating  insufficient  regulatory  response  to  the

motorization challenge.

Table 1: Environmental Quality Indicators in Tashkent (2000-2024)

Indicator 2000 2005 2010 2015 2020 2024 Change (%)
NO2 (mg/m³) 0.032 0.041 0.055 0.068 0.079 0.08

9
+178%

CO (mg/m³) 2.1 2.8 3.6 4.2 4.8 5.1 +143%
PM2.5 (μg/m³) 28 34 43 52 61 67 +139%
PM10 (μg/m³) 45 56 71 84 96 102 +127%
VOCs (μg/m³) 85 108 135 161 183 198 +133%

The economic dimensions  of  environmental  degradation present  additional

concerns  for  Tashkent's  sustainability.  Health  care  costs  associated  with  air

pollution-related  diseases  have  increased  proportionally  with  pollution  levels,

placing additional burden on the city's healthcare system. International research by

Anderson et al. [8] estimates that each 10 μg/m³ increase in PM2.5 concentrations

corresponds to a 6% increase in respiratory disease incidence and a 4% increase in

cardiovascular disease rates. Applied to Tashkent's context, the 39 μg/m³ increase

in PM2.5 concentrations since 2000 suggests significant public health implications

and associated economic costs.

The  temporal  analysis  reveals  distinct  phases  in  the  relationship  between

motorization and environmental impact. The period 2000-2008 showed moderate

increases in both vehicle numbers and pollution levels, with annual growth rates of

approximately  8-12%  for  key  pollutants.  However,  the  period  2008-2016

witnessed accelerated degradation, with pollution growth rates reaching 15-20%

annually, coinciding with rapid economic growth and increased purchasing power.

The  most  recent  period  (2016-2024)  shows  some  moderation  in  growth  rates,

partly attributed to improved fuel quality standards and the introduction of Euro-4

emission standards for new vehicles.
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Table 2 analyzes the correlation between vehicle density and environmental

impact across different districts of Tashkent, revealing significant spatial variations

in environmental quality.  Central  districts  with the highest traffic density show

pollution levels  2-3 times higher  than peripheral  areas,  indicating the localized

nature of transport-related environmental impacts. This spatial analysis is crucial

for understanding the uneven distribution of environmental burdens within the city

and informing targeted policy interventions.

Table 2: District-wise Vehicle Density and Air Quality Correlation (2024)

District Vehicle  Density
(units/km²)

NO2
(mg/m³)

PM2.5
(μg/m³)

Air  Quality
Index

Population
Exposure

Mirobod 1,450 0.125 89 Poor High Risk
Shaykhontohur 1,320 0.118 84 Poor High Risk
Yashnobod 890 0.078 62 Moderate Medium Risk
Chilonzor 1,180 0.095 71 Poor Medium Risk
Yunusobod 760 0.065 55 Moderate Medium Risk
Bektemir 420 0.041 38 Good Low Risk

The  analysis  demonstrates  that  environmental  sustainability  challenges  in

Tashkent  are  not  uniformly  distributed  but  concentrate  in  areas  with  highest

economic activity and traffic density. This finding aligns with research by Nazarov

and Usmanov [9], who documented similar patterns in other Central Asian cities

undergoing  rapid  motorization.  The  concentration  of  environmental  burdens  in

central urban areas raises important questions about environmental justice and the

need for targeted interventions to protect vulnerable populations.

Traffic flow analysis reveals that daily vehicle movements in Tashkent have

increased  from  approximately  450,000  in  2000  to  over  2.1  million  in  2024,

representing more than a four-fold increase. Peak hour traffic volumes on major

arterials now regularly exceed design capacity by 40-60%, leading to increased

congestion and associated emissions. The average vehicle speed during peak hours

has decreased from 35 km/h in 2000 to 18 km/h in 2024, contributing to higher

per-kilometer emission rates due to inefficient combustion at low speeds.
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The  role  of  public  transportation  in  mitigating  environmental  impacts  has

been insufficient to offset the growth in private vehicle use. Despite investments in

bus rapid transit and metro system expansion, public transport modal share has

declined  from  65%  in  2000  to  42%  in  2024,  indicating  that  infrastructure

development  has  not  kept  pace  with  changing  mobility  patterns.  Research  by

Rakhimov [10] suggests that improving public transportation quality and coverage

could  potentially  reduce  private  vehicle  emissions  by  25-30%,  but  requires

substantial investment and policy commitment.

CONCLUSION

The  comprehensive  analysis  of  transport  flow  impact  on  Tashkent's

environmental  sustainability over the 2000-2024 period reveals  alarming trends

that threaten the city's long-term livability and sustainable development prospects.

The four-fold increase in vehicle numbers has resulted in dramatic deterioration of

air  quality  indicators,  with  all  major  pollutants  exceeding  international  safety

standards  by  substantial  margins.  The  research  demonstrates  that  rapid

motorization without corresponding environmental  protection measures leads to

exponential increases in pollution levels,  creating significant public health risks

and environmental degradation.

The spatial analysis confirms that environmental impacts are not uniformly

distributed across the city, with central districts bearing disproportionate pollution

burdens.  This  finding  has  important  implications  for  urban  planning  and

environmental  justice  considerations,  highlighting  the  need  for  targeted

interventions to protect vulnerable populations and reduce exposure inequalities.

The strong correlation between traffic density and pollution levels provides clear

evidence for the causal relationship between transport development patterns and

environmental outcomes.

The  research  findings  indicate  that  Tashkent's  current  trajectory  of

motorization  is  fundamentally  incompatible  with  environmental  sustainability

objectives. Without immediate and comprehensive policy interventions, the city

faces the prospect of continued environmental degradation with increasingly severe
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consequences for public health and quality of life. The window for effective action

is  rapidly  closing,  as  pollution  levels  approach  thresholds  where  remediation

becomes exponentially more difficult and expensive.

Future research should focus on developing and evaluating specific policy

interventions to reverse these negative trends. Priority areas include assessment of

electric vehicle adoption potential, evaluation of congestion pricing mechanisms,

analysis of public transportation improvement strategies, and investigation of green

infrastructure  solutions  for  pollution  mitigation.  Additionally,  research  into  the

health and economic costs of continued environmental degradation would provide

crucial evidence for policy decision-making and resource allocation priorities.

The  Tashkent  case  study  provides  valuable  lessons  for  other  rapidly

developing cities in Central Asia and similar regions. The research demonstrates

that  environmental  sustainability  must  be  integrated  into  urban  development

planning from the early stages of motorization to prevent the costly and difficult

remediation  challenges  currently  facing  Tashkent.  Proactive  environmental

protection measures are significantly more effective and economical than reactive

approaches to pollution control.
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