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Abstract 
The increase in motor vehicles has greatly increased air pollution in the Tehran metropolis and 

turned it into a challenge. By analyzing transportation pollutants, low-carbon cities and sustainable 

development strategies for urban districts can be achieved. This study deals with the spatio-

temporal analysis of pollutants and transportation accessibility in the urban districts of Tehran. 

The concentrations of CO and NO2 pollutants were extracted from the Sentinel-5P satellite using 

coding in the GEE environment. OSM data were used to calculate the accessibility of the 22 urban 

districts. Moran's global autocorrelation indicated a clustered spatial distribution pattern of 

pollutants. The high autocorrelation value equal to 0.94 for CO and NO2 pollutants indicated their 

cumulative state in the atmosphere. By performing LISA, most clusters of these pollutants were 

identified in the central districts and southern suburbs. The average accessibility indicator of the 

22 districts was 24.82 km/km2. About half of Tehran's urban districts had a high density of road 

transport networks. These districts are located in CO and NO2 clusters owing to the high traffic 

volume of motor vehicles. The results of this study emphasize the factors that aggravate Tehran's 

air pollution, including the clustered pattern of pollutants in the atmosphere and dense 

transportation network in urban districts. By integrating air pollution analysis and accessibility 

estimations into urban planning frameworks, cities can strive to achieve long-term sustainability 

goals. 

Keywords: sustainable development, Sentinel-5P, pollutant clustering, accessibility 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

 Corresponding Author: saffar_m@modares.ac.ir 



 هوشمند در شهر نینو یهافصلنامه پژوهش
 111-102، 1403 پاییز ،1، شماره 3دوره  

nrsc.apadana.ac.ir          

 

ت: 
یاف

در
خ 

اری
ت

30/
06/

14
03

   
   

   
ش: 

یر
پذ

خ 
اری

ت
25/

08/
14

03
   

   
   

eI
S

S
N

: 
3

0
6

0
-6

1
4

4
   

  
  

   
IS

S
N

: 
2

9
8

0
-8

9
3
6

 

    

ارتقاء پایداری شهری با تحلیل آلودگی هوا و برآورد دسترسی: مطالعه موردی 
 کلانشهر تهران

 قهرمانلو ریام
عمران، دانشگاه آزاد  یونقل، دانشکده مهندسحمل یزیربرنامه یدکتر یدانشجو

 .رانیتهران، ا ،واحد علوم و تحقیقات یاسلام
  

 محمود صفارزاده 
 ست،یز طیعمران و مح یونقل، دانشکده مهندسحمل یو مهندس یزیراستاد، برنامه
 .رانیمدرس، تهران، ا تیدانشگاه ترب

  

 نادران یعل
واحد  یدانشگاه آزاد اسلام ،عمران یونقل، دانشکده مهندسحمل یمهندس ار،یاستاد

 .رانیتهران، ا قات،یعلوم و تحق
  

 ریحسن جوانش
واحد  یدانشگاه آزاد اسلام ع،یصنا یدانشکده مهندس ع،یصنا یمهندس ار،یاستاد

 .رانیتهران جنوب، تهران، ا

 

 چکیده
 یهاندهیآلا لینموده است. با تحل لیچالش تبد کیو به  شیکلانشهر تهران را به شدت افزا یهوا یآلودگ یموتور هینقل طیوسا ادیازد

 یزمان-یمکان لیمطالعه به تحل نی. اافتیدست  یمناطق شهر داریتوسعه پا یهایکربن و استراتژکم یتوان به شهرهایم یونقلحمل
 NO2و  CO یهاندهیغلظت آلا GEE طیدر مح یسیپردازد. با کدنو یتهران م یدر مناطق شهر ونقلحمل یت دسترسیو قابل هاندهیآلا

 یکل یاستفاده شد. خودهمبستگ OSM یهااز داده ،یمنطقه شهر 22 یمحاسبه دسترس یاستخراج شد. برا Sentinel-5Pاز ماهواره 
 NO2و  CO  یهاندهیآلا ی،  برا94/0بالا برابر  یها نشان داد. مقدار خودهمبستگندهیآلا یرا برا یاخوشه ییفضا عیتوز یموران الگو

 یجنوب یهاو حومه یها در مناطق مرکزندهیآلا نیا یهاخوشه نیشتری، بLISA زیآنها در جو داشت. با انجام آنال ینشان از حالت تجمع
تهران با   یاز مناطق شهر یمیبه دست آمد. حدود ن km/km2 82/24گانه برابر  22مناطق  یشاخص دسترس نیانگیشدند. م ییشناسا

، CO یهادر خوشه یموتور هینقل لیتردد وسا یحجم بالا لیمناطق به دل نیشدند. ا ییشناسا یاشبکه حمل و نقل جاده یتراکم بالا
NO2 ها در جو و شبکه حمل و ندهیآلا یا خوشه یتهران از جمله الگو یهوا یآلودگ دیپژوهش بر عوامل تشد نیا جیقرار داشتند. نتا

شهرها  ،یشهر یزیردر چارچوب برنامه یهوا و برآورد دسترس یآلودگ لی. با ادغام تحلکنندیم دیتأک ینقل متراکم در مناطق شهر
 .تلاش کنند یداریبه اهداف بلندمدت پا یابیتوانند در جهت دستیم

 ونقلحمل یها، دسترسندهیآلا یبند، خوشهSentinel-5P دار،یتوسعه پا ها:کلیدواژه
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1. Introduction 
Air pollution is an important challenge in the sustainable development of urban districts. 
Air pollution is one of the main causes of death in third world countries (WHO, 2022). 
Pollutant analysis plays an important role in warning people and controlling air pollution in 
the future (Xiang, 2023). CO and NO2 are two common urban pollutants that can be reduced 
by reducing the use of motor vehicles (Tondelli et al., 2022). Low-carbon city development 
is an important method for achieving sustainable development strategies (Peng & Deng, 
2021). Urban areas are important for achieving sustainable development because they 
account for 70 percent of greenhouse gas emissions (Part, 2022). According to a report by 
Tehran’s Air Quality Control Company, this city has only three days of clean air in 2022, 
and mobile sources with a share of 83% in the production of polluting gases are the most 
important source of air pollution in the capital (AirQualityControlCompany, 2022). 
Transportation accounts for approximately 20 percent of greenhouse gas emissions, and 
road transportation accounts for three-quarters of this share (Rodrigue, 2020). A dense 
transportation network indicates higher traffic volume and a greater number of roads. This 
can lead to the emission of CO and NO2 pollutants (Chen, 2023; Park & Ko, 2021; Qin et 
al., 2022; Sohrab et al., 2022). Various solutions have been proposed for reducing 
environmental pollution (Ghahremanlou & Kubiak, 2023; Straatemeier & Bertolini, 2020). 
The Sentinel-5P satellite with a Tropomi sensor was launched by the European Space 
Agency in 2017 to monitor air pollution. The superiority of this satellite over ground stations 
includes spatial-temporal investigation of pollutants, a comprehensive understanding of air 
pollution, and the ability to report pollutants in inaccessible places. These features make it 
a valuable tool in pollutant analysis (EuropeanSpaceAgency, 2017; Rocheleau, 2021). The 
concentrations of pollutants can be extracted from this satellite by coding in the Google 
Earth Engine (GEE) environment (Gorelick et al., 2017). The use of spatial statistical 
analysis to investigate pollutants has achieved good results in polluted countries worldwide, 
and has received less attention in Iran (Gharibi & Shayesteh, 2021; Qi, Wang, Wang, & 
Wei, 2022; Ye, Ma, Ha, Yang, & Weng, 2018). Daily trips in Tehran increased from 14.6 
to 19.3 million between 2004-2019 (TrafficOrganization, 2020), which could potentially be 
due to the growth of transportation infrastructure. 

Urbanization through construction, the development of road transport networks, and the 
destruction of vegetation leads to air pollution (Ghahremanlou et al., 2022). Most of the 
studies have been conducted in big cities, while for sustainable development, they should 
be focused on urban areas (McGrath, 2018). Carbon monoxide and nitrogen dioxide are 
mainly generated by vehicle combustion processes. High levels of CO and NO2 are 
commonly found in urban areas with heavy traffic congestion (Restrepo, 2021; Yin et al., 
2022; Zefreh & Torok, 2021). Monitoring emissions of carbon monoxide and nitrogen 
dioxide pollutants in urban areas is essential due to public health impacts, economic 
benefits, and achieving urban sustainability (Emereibeole et al., 2023; Hamilton, 2017; 
Jonidi Jafari et al., 2021; Reche et al., 2022). 

Based on a review of previous studies, the Sentinel-5P satellite is less popular because 
of its coding and computational complexity. In this study, using Python coding, the 
concentrations of CO and NO2 pollutants in Tehran were extracted from the Sentinel-5P 
satellite for 2022. Clustering patterns were analyzed using spatial statistical techniques. The 
transportation accessibility indicator was then calculated for the 22 urban districts. The 
superiority of this research is to achieve sustainable development by analyzing the 
relationship between transportation accessibility and pollutants in urban districts. 

2. Material and Methods 
In this study, the Sentinel-5P satellite was used to monitor CO and NO2 pollutants in air. 
ArcGIS 10.8 software and Google Earth Engine (GEE) platform were used during the 
analysis process. 
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2.1. Study Area 
As shown in Figure 1, the Iranian capital Tehran is a metropolis with 22 districts that lie 
within the geographic coordinates of 34 –36.5 °north and 50 –53 °east. Tehran is the most 
populous city in Iran and the most densely populated urban epicenter in the country. 

 
Figure 1. The study area’s geographic position 

2.2. Data Collection Methods 
To extract pollutants from the Sentinel-5p satellite, Python coding was performed in the 
Google Earth Engine (GEE) environment. The characteristics of CO and NO2 pollutants are 
listed in Table 1. To calculate accessibility, the data of Tehran's street network collected 
from www.download.geofabrik.de. The administrative boundary layer of the urban districts 
was prepared from Tehran Municipality. 

Table 1. Specifications of Sentinel-5p satellite products for the investigated pollutants in 2022 
(Source: www.earthengine.google.com, www.scihub.copernicus.eu) 

Number of 
images (daily) 

 Image Collection  Units Name 

728 COPERNICUS/S5P/NRTI/L3_CO mol/m^2 CO_column_number_density 
759 COPERNICUS/S5P/NRTI/L3_NO2 mol/m^2 NO2_column_number_density 

2.3. Indicators' Research 
Depending on available information and goals, different formulas and relationships can be 
used in any study. In this study, we utilized certain relationships to approximate the 
outcomes. 

2.3.1. Global Spatial Autocorrelation Indicator 
Global spatial autocorrelation depicts the distribution pattern of random, dispersed, or 
clustered observations. The global Moran’s I indicator was employed to achieve this 
objective (Moran, 1948): 

𝐼 =
∑  𝑛

𝑖=1 ∑  𝑛
𝑗=1 𝑤𝑖𝑗(𝑥𝑖 − 𝑥̅)(𝑥𝑗 − 𝑥̅)

1
𝑛

∑  𝑛
𝑖=1 (𝑥𝑖 − 𝑥̅)2 ∗ ∑  𝑛

𝑖=1 ∑  𝑛
𝑗=1 𝑤𝑖𝑗

 (1) 
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where 𝑥‾ =
1

𝑛
∑𝑖=1

𝑛  𝑥𝑖 and n is the number of spatial units, which in this study is n=22. xi 

and xj are observations (pollutants) of spatial units i and j, respectively; wij is an element of 
the spatial weight matrix W that describes the spatial arrangement of all spatial units in a 
sample. Moran's I values vary from -1 to 1, and if 0 < I < 1, there is a positive correlation 
between the observations, and if -1 < I < 0, it indicates a negative correlation between the 
observations. While I values equal to 0 or close to it indicate the distribution of observations 
randomly (no correlation). 

The Z statistic, in its standardized form, is frequently employed to ascertain the 
significance of the Global Moran’s I: 

𝑍(𝐼) =
𝐼 − 𝐸(𝐼)

√Var(𝐼)
=

𝐼 − [−
1

𝑛 − 1
]

√𝐸(𝐼2) − [𝐸(𝐼)]2
 (2) 

In the context of Moran’s I, E(I) and Var(I) represent expected value and variance, 
respectively. 

2.3.2. Local Spatial Autocorrelation Indicator 
This was used to identify and determine the intensity of clustering with high (HH) or low 
(LL) values and spatial outlier points (HL and LH). The expression for the local Moran’s I 
for a given observation ‘i’ can be expressed as in Equation 3 (Anselin, 1995). 

𝐼𝑖 =
(𝑥𝑖 − 𝑥̅) ∗ ∑  𝑛

𝑗=1 𝑤𝑖𝑗(𝑥𝑗 − 𝑥̅)

1
𝑛

∑  𝑛
𝑖=1 (𝑥𝑖 − 𝑥̅)2

 (3) 

where 𝑥‾ =
1

𝑛
∑𝑖=1

𝑛  𝑥𝑖 and n and wij are the same as the above explanation. 

2.3.3. Transport Network Density Indicator 
The transportation system-based accessibility indicator reflects the density of 
communication infrastructure within a region. This measure can be computed and 
represented in unit of (km/km²) as per Equation 4 (Cordera et al., 2017). 

𝐷 =
𝑁𝑒𝑡𝑤𝑜𝑟𝑘 𝐾𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑢𝑑𝑦 𝑎𝑟𝑒𝑎(𝑘𝑚2)
 (4) 

3. Results and discussion 
This study investigated the distribution pattern and intensity of CO and NO2 concentrations 
and their relationship with transportation in 22 districts of Tehran. 

3.1. Temporal Trend of Pollutants Concentrations  
To monitor CO, NO2 air pollutants in Tehran City, Python programming was used in the 
GEE environment for 2022. A sample script for the CO pollutant extraction is shown in 
Figure 2. To understand the general trend of upward or downward changes in each pollutant, 
the trend line is shown in Figure 3. The daily concentration patterns of the two pollutants, 
CO and NO2, in the first and last quarter of the year were higher than the average values, 
which is probably due to the reopening of schools and the increase in car traffic. The range 
of CO changes in mol/m2 values was 0.077-0.017 and for NO2, the range of changes was 
much smaller (a and b in Figure 3). Previous studies confirm the results (Ghannadi et al., 
2022; Gharibi & Shayesteh, 2021). 
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Figure 2. Sample script executed in the GEE environment to monitor CO changes 

 

 
Figure 3. Trend of time changes of pollutants on different days in 2022 

3.2. Spatial Variation Trend of Pollutants 
The spatial distribution pattern of pollutants was identified using the Global Moran's I 
spatial autocorrelation measure. The outcomes, derived from applying Equations 1 and 2, 
are presented in Table 2 and Figure 4. 
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Table 2. Statistical data on the spatial distribution of pollutants 
Z-score Moran's I Item 

49.12 0.94 CO 
49.00 0.94 NO2 

 
Figure 4. Spatial distribution pattern of pollutants  

According to the available results, the spatial distribution patterns of the pollutants were 
clustered. The values of the Global Moran’s I indicator for CO and NO2 were close to 1, 
indicating a high autocorrelation between pollutants in the atmosphere. The Z-values for the 
pollutants represent a 99% confidence level. To map the clusters and determine the centers 
of pollutants in the 22 districts of Tehran. Values were calculated using Equation 3 in 
ArcMap 10.8 software, and the results are shown in Figure 5 and Table 3. 

 

  
Figure 5. Map of Tehran City pollutants epicenters 

Table 3. List of the number and intensity of pollutants clusters in Tehran 
NS HL LH LL HH Item 
289 0 0 234 238 CO 
304 0 0 223 234 NO2 

* HH = number of high-high clusters; LL = number of low-low clusters; NS = not 
significant. 

According to Table 3, the local Moran's I indicator values of pollutants indicate a high 
cluster state in high values (HH) and a low cluster state in low values (LL) in Tehran’s city 
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districts. The spatial output from processing 728 satellite images from 2022 to determine 
the CO foci of Tehran City showed that 17 districts had a positive correlation (HH and LL 
clusters). HH clusters in the 10 districts included east, northeast, and north districts, and LL 
clusters were in the southern, southwestern, and western marginal districts. The spatial 
output of NO2 in Tehran showed that the spatial distribution of this pollutant was almost 
similar to that of CO at the regional level. with the difference being that 19 districts had a 
positive correlation (HH and LL clusters). In addition, the surfaces of districts 3, 6, 7, 8, and 
13 were completely surrounded by HH clusters, while district 20 was completely 
surrounded by LL clusters of NO2 pollutants. 

3.3. Transportation's Network Accessibility 
To understand the relationship between transportation and the concentration of pollutants, 
using Equation 4, the values of the street transportation network density indicator were 
calculated, and the average accessibility indicator of the 22 districts was obtained be 24.82 
km/km2. Accessibility results are shown in Figure 6. The highest accessibility indicator 
based on the transportation network infrastructure is related to District 10 (36.51 km/ km2), 
which is in the center of the city and has the highest connectivity in the street network. 
Eleven districts in Tehran have values higher than the average transport accessibility 
indicator. This indicates that half of Tehran's urban districts have high connectivity in the 
transportation network, which is mainly located in the city center and in CO and NO2 
clusters because of the high volume of motor vehicle traffic. Previous studies have 
confirmed the effect of network density on the concentrations of these two pollutants (Lei 
et al., 2023; Wang et al., 2021). 

 
Figure 6. Accessibility of transportation network density of Tehran’s urban districts in 2022 

4. Conclusion 
Nowadays, air pollution poses a significant challenge to the Tehran. Spatial statistical 
analysis of pollutants can help identify the centers of pollution so that urban planners can 
take effective measures accordingly. In this study, the concentration of pollutants and 
transportation accessibility for 22 districts of the Tehran metropolitan area were investigated 
spatiotemporally. 

Sentinel-5p satellite images were used to monitor the air pollutants. The average 
concentrations of the CO and NO2 pollutants from the satellite were obtained using Python 
in the GEE environment. The temporal investigation of pollutants shows that the daily 
behavioral patterns of CO and NO2 concentrations in the first and last quarters of the year 
are higher than the average, which is probably due to the reopening of schools. The 
distribution of pollutant concentrations using spatial autocorrelation showed that CO and 
NO2 had the high autocorrelation, with Global Moran's indicator values equal to 0.94. In 
addition, the distribution patterns of the pollutants were clustered. Therefore, Tehran's air 
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pollution intensification can be considered the result of high spatial autocorrelation values 
and clustering patterns of pollutants. The local spatial analysis of LISA showed that the 
clustering was high in high values (HH) and low in low values (LL) in the central districts 
and southern suburbs. The average accessibility indicator of the 22 districts was 24.82 
km/km2. The accessibility in half of the districts was higher than the urban average. This 
resulted in a surge in traffic volume, prolonged idling of vehicle engines, recurrent 
acceleration and deceleration, and extended commuting durations in these districts. All of 
these elements contribute to the exacerbation of air pollution. 

Estimating accessibility based on road transport infrastructure in urban districts is crucial 
for sustainable urban planning and design. By understanding the density and connectivity 
of the road network, urban planners can optimize transportation systems, promote 
alternative modes of transportation (e.g., public transportation, cycling, and walking), and 
reduce reliance on personal vehicles. This can lead to reduced traffic congestion, greenhouse 
gas emissions, improved air quality, and increased overall urban sustainability. Analysis of 
CO and NO2 pollutants, together with accessibility estimation, provides valuable data for 
policy and decision making. The results of this study emphasize comprehensive strategies 
and policies that prioritize sustainable transportation infrastructure and remote sensing air 
pollution monitoring. By addressing these issues, we can witness cleaner and healthier air 
for Tehran in the future. 

The results of this study are based on data from the metropolitan area of Tehran. 
However, many cities worldwide are facing challenges related to urban air pollution and 
accessibility. The valuable techniques used in this study can also be extended to other cities. 

References 
AirQualityControlCompany. (2022). Air qualification group by pollution. Retrieved from 

https://airnow.tehran.ir/home/AQIArchive.aspx. 
Anselin, L. (1995). Local indicators of spatial association—LISA. Geographical analysis, 27(2), 

93-115. 
Chen, C. (2023). Evaluation Methods and Optimization Strategies for Low-Carbon-Oriented Urban 

Road Network Structures: A Case Study of Shanghai. Sustainability, 15(7), 5803. 
Cordera, R., Ibeas, Á., dell’Olio, L., & Alonso, B. (2017). Land Use–Transport Interaction Models: 

CRC press. 
Emereibeole, E. I., Mgbeahuruike, L. U., Uyo, C. N., Unegbu, R. N., & Edo, F. A. (2023). Traffic 

air pollution and urban sustainability: an assessment of strategic road intersections in Owerri 
urban, Nigeria. EQA-International Journal of Environmental Quality, 54, 1-10. 

EuropeanSpaceAgency. (2017). Sentinel-5P brings air pollution into focus. Retrieved from 
https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-5P/Sentinel-
5P_brings_air_pollution_into_focus. 

Ghahremanlou, A., Saffarzadeh, M., Naderan, A., & Javanshir, H. (2022). Mechanism of the Effect 
of Urban Form and Land Use on Transportation and Air Pollution in Tehran. The Monthly 
Scientific Journal of Bagh-e Nazar, 19(109), 35-46. 

Ghahremanlou, D., & Kubiak, W. (2023). Integrated bioethanol-gasoline supply chain evolved by 
changing US Government policies - model and algorithm. International Journal of 
Operational Research, 48(2), 141-177. 

Ghannadi, M. A., Shahri, M., & Moradi, A. (2022). Air pollution monitoring using Sentinel-5 (Case 
study: Big industrial cities of Iran). Environmental Sciences, 20(2), 81-98. 

Gharibi, S., & Shayesteh, K. (2021). Application of Sentinel 5 satellite imagery in identifying air 
pollutants Hotspots in Iran. Journal of Spatial Analysis Environmental hazarts, 8(3), 123-138. 

Gorelick, N., Hancher, M., Dixon, M., Ilyushchenko, S., Thau, D., & Moore, R. (2017). Google 
Earth Engine: Planetary-scale geospatial analysis for everyone. Remote sensing of 
Environment, 202, 18-27. 

Hamilton, K. (2017). Economic co-benefits of reducing CO2 emissions outweigh the cost of 
mitigation for most big emitters. Retrieved from 
https://www.lse.ac.uk/granthaminstitute/news/economic-co-benefits-of-reducing-co2-
emissions-outweigh-the-cost-of-mitigation-for-most-big-emitters/. 

Jonidi Jafari, A., Charkhloo, E., & Pasalari, H. (2021). Urban air pollution control policies and 
strategies: a systematic review. Journal of Environmental Health Science and Engineering, 
19, 1911-1940.  



 111          کلانشهر تهران ی: مطالعه موردیهوا و برآورد دسترس یآلودگ لیبا تحل یشهر یداریارتقاء پا، قهرمانلو و همکاران

Lei, H., Zeng, S., Namaiti, A., & Zeng, J. (2023). The Impacts of Road Traffic on Urban Carbon 
Emissions and the Corresponding Planning Strategies. Land, 12(4), 800. 

McGrath, B. (2018). Intersecting disciplinary frameworks: the architecture and ecology of the city. 
Ecosystem health and sustainability, 4(6), 148-159. 

Moran, P. (1948). The interpretation of statistical maps. Journal of the Royal Statistical Society, 
Series B (Methodological), 10(2), 243-251. 

Park, S., & Ko, D. (2021). Spatial Regression Modeling Approach for Assessing the Spatial 
Variation of Air Pollutants. Atmosphere, 12(6), 785. 

Part, X. (2022). Sustainable Development Goal 11: sustainable cities and communities. The 
Routledge Handbook of Sport and Sustainable Development, 31.  

Peng, T., & Deng, H. (2021). Research on the sustainable development process of low-carbon pilot 
cities: The case study of Guiyang, a low-carbon pilot city in south-west China. Environment, 
Development and Sustainability, 23, 2382-2403. 

Qi, G., Wang, Z., Wang, Z., & Wei, L. (2022). Has industrial upgrading improved air pollution?—
Evidence from China’s digital economy. Sustainability, 14(14), 8967. 

Qin, X., Do, T. H., Hofman, J., Bonet, E. R., La Manna, V. P., Deligiannis, N., & Philips, W. (2022). 
Fine-grained urban air quality mapping from sparse mobile air pollution measurements and 
dense traffic density. Remote Sensing, 14(11), 2613. 

Reche, C., Tobias, A., & Viana, M. (2022). Vehicular traffic in urban areas: Health burden and 
influence of sustainable urban planning and mobility. Atmosphere, 13(4), 598. 

Restrepo, C. E. (2021). Nitrogen dioxide, greenhouse gas emissions and transportation in urban 
areas: lessons from the Covid-19 pandemic. Frontiers in Environmental Science, 9, 689985. 

Rocheleau, J. (2021). Using Satellite Data to Map Air Pollution and Improve Health. Eos. 
Rodrigue, J.-P. (2020). The geography of transport systems: Routledge. 
Sohrab, S., Csikós, N., & Szilassi, P. (2022). Connection between the spatial characteristics of the 

road and railway networks and the air pollution (PM10) in urban–rural fringe zones. 
Sustainability, 14(16), 10103. 

Straatemeier, T., & Bertolini, L. (2020). How can planning for accessibility lead to more integrated 
transport and land-use strategies? Two examples from the Netherlands. European Planning 
Studies, 28(9), 1713-1734. 

Tondelli, S., Farhadi, E., Akbari Monfared, B., Ataeian, M., Tahmasebi Moghaddam, H., Dettori, 
M., . . . Murgante, B. (2022). Air Quality and Environmental Effects Due to COVID-19 in 
Tehran, Iran: Lessons for Sustainability. Sustainability, 14(22), 15038. 

TrafficOrganization. (2020). Excerpt of statistics and information on transport and traffic in Tehran. 
Retrieved from https://trafficorg.tehran.ir/. 

Wang, Q., Feng, H., Feng, H., Yu, Y., Li, J., & Ning, E. (2021). The impacts of road traffic on urban 
air quality in Jinan based GWR and remote sensing. Scientific Reports, 11(1), 15512. 

WHO. (2022). Billions of people still breathe unhealthy air: new WHO data. In. 
Xiang, X., Shah Fahad, Myat Su Han, Muhammad Rashid Naeem, & Shah Room. (2023). Air 

quality index prediction via multi-task machine learning technique: spatial analysis for human 
capital and intensive air quality monitoring stations. Air Quality, Atmosphere & Health, 16(1), 
85-97. 

Ye, W.-F., Ma, Z.-Y., Ha, X.-Z., Yang, H.-C., & Weng, Z.-X. (2018). Spatiotemporal patterns and 
spatial clustering characteristics of air quality in China: A city level analysis. Ecological 
Indicators, 91, 523-530. 

Yin, H., Sun, Y., Notholt, J., Palm, M., & Liu, C. (2022). Spaceborne tropospheric nitrogen dioxide 
(NO 2) observations from 2005–2020 over the Yangtze River Delta (YRD), China: 
variabilities, implications, and drivers. Atmospheric Chemistry and Physics, 22(6), 4167-
4185.  

Zefreh, M. M., & Torok, A. (2021). Theoretical comparison of the effects of different traffic 
conditions on urban road environmental external costs. Sustainability, 13(6), 3541. 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

 :هوا و برآورد  یآلودگ لیبا تحل یشهر یداریارتقاء پا(. 1403. )محمود، نادران، علی، و جوانشیر، حسن قهرمانلو، امیر، صفارزاده،استناد به این مقاله
 .111-102(، 1)3، های نوین در شهر هوشمندفصلنامه پژوهش. کلانشهر تهران ی: مطالعه موردیدسترس

 New Researches in The Smart City is licensed under a Creative Commons Attribution-
NonCommercial 4.0 International License. 


