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A B S T R A C T  

 

The Air Quality Index is a numerical tool used to quantify air pollution levels and classify 
pollution severity. It plays a vital role in ensuring healthcare system stability by understanding 
air pollution's dynamic behavior and shifts in pollution intensity. To analyze the probabilistic 
transition between pollution severity levels, a Markov Chain model was utilized. This study 
examined six air pollution states (Clean, Healthy, Unhealthy for Sensitive Groups, Unhealthy, 
Very Unhealthy, Hazardous) across 12 stations in Tehran's northern, southern, eastern, western, 
and central regions from 2018 to 2022. Results revealed that the western and southern areas 
exhibited the highest pollution levels, with over 44% and 34% of instances corresponding to 
unhealthy indices, respectively. In contrast, northern Tehran consistently maintained cleaner 
air quality. Probability transition matrices highlighted the greatest stability continuity in healthy 
air quality across all regions. Transitioning between clean/healthy air to very 
unhealthy/hazardous air was minimal, with hazardous air quality almost absent in most 
stations, except for the west and south (25% stability). The probability of continued unhealthy 
air quality in these areas reached 60%, indicating heightened pollution. The findings of 
transition probability matrices indicated that the western and southern regions had the highest 
likelihood of sustained pollution, while the northern region consistently maintained cleaner air. 
The probability of continuous clean air in the west was below 30%, while transitioning from 
very unhealthy/hazardous air to unhealthy air reached 50%. Conversely, the northern Tehran 
region exhibited over 40% stability for unhealthy air quality and over 50% for clean and healthy 
air. 

doi: 10.5829/ijee.2024.15.02.10 
 

 

 

INTRODUCTION1 
 
Air pollution is a concerning issue, particularly for 

individuals residing in large industrialized cities, as it can 

have significant impacts on both human health and the 

environment. Rapid urbanization and industrialization 

worldwide have led to increasing severity of air quality. 

Efforts to meet the housing, consumption, healthcare, and 

energy needs of the growing urban population have 

resulted in numerous challenges, contributing to air 

pollution in modern cities. A comprehensive study 

conducted by the World Health Organization (WHO) 

revealed that nearly 90% of the global population is 

continuously exposed to air pollution, resulting in more 

than two million premature deaths annually [1]. Indoor 

Pollutant Sources Air pollution has an impact on the 
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body, including respiratory systems and heart disorders. 

Asthmatics, bronchiolitis, lung disease, cardiovascular 

problems, central nervous system malfunction, and skin 

conditions are the most common respiratory disorders, as 

are chronic obstructive pulmonary disease (COPD). The 

challenges posed by outdoor air pollution are public 

health risks such as cardiovascular disease, respiratory 

ailments, COPD, and world-class asymmetry [2]. Air 

quality in the residential areas adjacent to the industrial 

regions is of great concern due to the association with 

particulate matter and toxic gaseous which has adverse 

effects on human health [3]. Considering the influence of 

air on human life and its consumption overnight, it can be 

stated that the unfavorable quality of air in today's world 

is considered one of the most important environmental 

problems in many of the world's large cities [4]. The rapid 
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expansion of cities and urban populations, coupled with 

industrial growth, especially in proximity to large and 

densely populated cities, has not only escalated urban air 

pollution but has also triggered significant climatic and 

environmental changes, gaining substantial attention 

from researchers and planners [5]. 

Urbanization in recent decades has led to a significant 

increase in the number of cities with a population 

exceeding one million, rising from one city in 1976 to 

eight cities in 2017 in Iran alone. This population growth, 

coupled with inadequate urban planning, has brought 

about various environmental and human-related 

challenges, with air pollution being a prominent issue. Air 

pollution is just one of the many environmental problems 

arising from population growth and urban development. 

In Tehran, the capital of Iran, and several other Iranian 

cities, air pollution has become one of the most tangible 

environmental challenges [6]. Statistics show that during 

periods of increased air pollution in Tehran, the number 

of respiratory patients increases by up to 60%. The main 

factors associated with the rise in cardiovascular, 

respiratory, and pulmonary diseases are the increased 

levels of sulfur dioxide, particulate matter, and carbon 

monoxide [7]. Today, the various consequences of air 

pollution have necessitated continuous monitoring and 

control of air quality, making it an irrefutable concern in 

societies. Solving the complex issue of air pollution 

necessitates collective efforts and a deep understanding of 

pollution sources and events [8]. Pollution events, 

although not precisely predictable, can provide valuable 

insights when observed continuously. Probability laws 

play a crucial role in understanding many pollution 

events, contingent on knowledge of air quality indices 

and the probability of such events occurring [9]. In 

essence, the Air Quality Index, a vital tool for assessing 

and quantifying air quality, particularly for five major air 

pollutants—particulate matter, nitrogen dioxide, ground-

level ozone, carbon monoxide, and sulfur dioxide—plays 

a pivotal role in comprehending the quality of air and the 

likelihood of pollution events. 

The Air Quality Index (AQI) divides air quality into 

six categories: good, moderate, unhealthy for sensitive 

groups, unhealthy, very unhealthy, and hazardous. The 

likelihood of each category depends on the levels of 

pollutant concentrations [10]. According to probability 

laws, some random phenomena are more likely to occur 

when the probability of others is lower. In addition, 

among n possible states, only one state can occur, and the 

likelihood of each state is not necessarily superior to 

others. These processes are proven using Markov chains 

[11]. 

Utilizing Markov chains and understanding the 

continuity of pollution events and the possibility of 

creating various states can significantly aid in planning 

for air pollution management and reduction. Several 

studies have been conducted in this regard. Hoyos et al. 

[12] investigated the pollution of ozone and sulfur dioxide 

over seven years (2006-2000) in Mexico City using a 

Markov chain-based model. The results showed that 

ozone had a steady distribution, while sulfur dioxide 

exhibited oscillatory behavior. Jarquin et al. [13] used 

Markov chain analysis to study the behavior of five 

pollutants (CO2, NOx, SO2, O3, PM10) for five possible 

states, ranging from good to very bad, in Mexico City. 

The results indicated that state changes over time exhibit 

nonlinear behavior, and even when pollutant 

concentrations increase progressively, the probability of 

worsening air quality is very low because it remains in an 

orderly state. Holmes and Hassini. [14] examined the 

random behavior of AQHI risk categories in Ontario (34 

air monitoring stations) over five years from 2015 to 

2019. They determined discrete-time Markov chains 

using three AQHI risk categories (low risk, moderate risk, 

high risk) as states for transition probabilities. Sarvi et al. 

[15] assessed the number of excess PM2.5 days in Tehran 

from October 2010 to December 2015. They used a 

hidden-state Poisson Markov model, considering various 

hidden states, to predict the number of occurrences. The 

results revealed that the number of days exceeding the 

limit (predicted average from 6.87 to 11.39 days) is 

relatively high for sensitive individuals based on PM2.5 

air quality. Alyousifi et al. [16] applied a Markov Chain-

based Fuzzy State (MCFS) model using triangular fuzzy 

numbers to analyze uncertainty in air pollution events and 

describe the transitional behavior of air pollution. Their 

results indicated that MCFS can effectively model air 

quality indices and may be a superior option for 

predicting air pollution. Zakaria et al. [17] conducted 

research on predicting future air quality using a Markov 

Chain model, introducing it as a model for long-term 

pollution distribution assessment. Suhaimi et al. [18] used 

the Multiple Imputation by Markov Chain Monte Carlo 

(MCMC) for air quality data calculation and found that 

the multiple imputation technique using the MCMC 

method provides a suitable fit and supplies missing data 

effectively. 

Considering the significance of air quality in the urban 

areas of Tehran and the absence of prior statistical studies 

regarding the assessment of consecutive days with 

various air quality indices and the determination of the 

transition probabilities of pollution severity classes in 

Tehran and Iran, this research aims to analyze the 

frequency of pollution severity classes and investigate the 

likelihood of consecutive different air pollution severity 

levels in the city of Tehran. 

Considering the utmost significance of urban air 

quality in Tehran and the substantial impact of air 

pollution on human health and the environment, coupled 

with the fact that comprehensive studies regarding the 

continuity of air pollution with various quality indices and 

the precise determination of the transition modes of 

different severity classes of pollution have not been 

conducted thus far for Tehran and other regions of Iran, 

this research aims to fill this crucial gap. It does so by 
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conducting an extensive analysis of the frequency of 

various air pollution severity categories and introducing a 

Markov chain model to analyze the persistence of these 

severity levels and the likelihood of consecutive days 

with varying air quality in Tehran. This research holds 

paramount importance in enhancing air quality, 

safeguarding human health, and protecting the 

environment. 

 

 
MATERIAL AND METHODS 
 
Study area 

Tehran, the capital of Iran, is situated in the heart of the 

country with a population of approximately 8.5 million 

residents. This population can swell to over 12.5 million 

during the day, as people from surrounding cities 

commute to Tehran for work. There are over 17 million 

daily car trips in Tehran, with many vehicles which are 

outdated technology. Consequently, Tehran's air quality 

ranks among the most polluted in the world. The city's 

topography and climate exacerbate pollution issues. 

Tehran is located at a high altitude and is surrounded by 

the Alborz mountain range, which traps polluted air. 

Temperature inversions, especially in winter months, 

further hinder pollutant dispersion. Recent studies 

indicate that achieving clean air in Tehran is a complex 

challenge, as factors like rapid population growth, 

industrial development, urbanization, and increased fuel 

consumption exert significant pressure on air quality [19]. 

 
Required data 

The ground-based air quality index (AQI) data was 

obtained from the Tehran Air Quality Control Company's 

website. There are 26 active monitoring stations in 

Tehran, measuring concentrations of air pollutants 

including ozone, particulate matter with diameters less 

than 10 and 2.5 micrometers, carbon monoxide, nitrogen 

dioxide, and sulfur dioxide. These monitoring stations 

determine the air quality index based on pollutant levels 

[20]. 

 

In this research, due to the need for daily time series 

data of the AQI for Markov analysis, data from 12 

pollution monitoring stations in different areas of Tehran, 

including north, south, east, west, and central regions, 

were utilized. The data was collected over a 5-year period 

(2018-2022) from stations with minimal missing data. 

The coordinates of these monitoring stations are 

presented in Table 1, and the distribution of these stations 

is illustrated in Figure 1. 

 

Air quality index (AQI) 

The air quality index is a numerical scale used to report 

the daily air quality in terms of its impact on human health 

and the environment. The daily results of this index 

provide an estimate of air pollution levels that people rely 

on. An increase in the air pollution index signifies an 

increase in air pollution, posing a serious threat to human 

health. In most cases, the air quality index indicates how 

clean or polluted the air around us is. The primary focus 

of the air pollution index is on the health effects that may 

 

 
Table 1. Geographical coordinates of ground pollution 

measuring stations 

St lat long z 

Aghdasie District 14 35.79 51.48 1539 

Ponak 35.76 51.33 1473 

Pirouzi District 13 35.69 51.48 1208 

Tarbiat modares District 6 35.72 51.38 1298 

Setad bohran District 7 35.71 51.44 1271 

Shad abad District 18 35.65 51.30 1139 

Shahr rey District 20 35.57 51.462 1056 

Shahrdari District 2 35.77 51.36 1558 

Shahrdari District 19 35.63 51.38 1100 

Shahrdari District 21 35.71 51.19 1234 

Golbarg District 8 35.72 51.51 1289 

Masoudie District 15 35.63 51.49 1179 

 

 

 
Figure 1. Distribution of air pollution measurement stations in Tehran 
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be experienced days or hours after breathing polluted air. 

Calculations of the air pollution index are based on major 

air pollutants, including particulate matter, ground-level 

ozone, sulfur dioxide, nitrogen dioxide, and carbon 

monoxide. Particulate matter and ozone are the most 

hazardous to human health and the environment. For each 

of these categories of air pollutants, different countries 

have their own air quality index concerning other national 

air quality standards for public health protection, as 

summarized in Table 2 [21]. 

 
Markov chain model 

Markov chain models can be used for simulating discrete-

time series. The principles of this method are based on the 

temporal correlation between the data of a variable, 

meaning that the occurrence of a specific random 

variable, such as very unhealthy air quality, depends on 

the data of previous time steps or time increments. Each 

Markov chain model is determined by the number of 

states of the variable in question and its time order [22]. 

For example, in the analysis of air quality with a Markov 

chain, the number of model states can be set equal to the 

number of pollution levels. The model's order means that 

the state of a variable at the current time depends on how 

many time steps immediately preceding it, which can be 

1 or 2 steps or more. The equation form of a first-order 

Markov chain is as follows: 

𝑃𝑟{𝑋𝑡|𝑋𝑡−1, 𝑋𝑡−2, . . . , 𝑋1} = 𝑃𝑟{𝑋𝑡|𝑋𝑡−1}  (1) 

The above equation indicates that the probability of an 

event such as X occurring at time t depends only on times 

t-1 (first order) or t-1 and t-2 (second order), not on the 

path that the time series has taken to reach the variable X 

at time t. In the following, some characteristics of first-

order Markov chains, including transition probability 

matrices and the calculation of their steady-state 

probabilities, will be discussed [23]. 

Each element of the transition probability matrix in a 

first-order Markov chain model is denoted as Pij, 

representing the probability of transitioning from state i 

to state j. This probability is determined using the 

following equation: 

𝑃𝑖𝑗 =
𝑛𝑖𝑗

∑ 𝑛𝑖𝑗
𝑆
𝑗=1

  (2) 

In this study, six states (equivalent to six air quality 

categories) were chosen for both i and j, as presented in 

Table 2. The form of the transition probability matrix for 

a first-order six-state Markov chain will be as follows: 

𝑃𝑖𝑗 =

[
 
 
 
 
 
𝑃11 𝑃12 𝑃13 𝑃14 𝑃15 𝑃16

𝑃21 𝑃22 𝑃23 𝑃24 𝑃25 𝑃26

𝑃31 𝑃32 𝑃33 𝑃34 𝑃35 𝑃36

𝑃41 𝑃42 𝑃43 𝑃44 𝑃45 𝑃46

𝑃51 𝑃52 𝑃53 𝑃54 𝑃55 𝑃56

𝑃61 𝑃62 𝑃63 𝑃64 𝑃65 𝑃66]
 
 
 
 
 

  (3) 

In the above matrix, for example, the probability that after 

clean air, unhealthy air occurs. In this matrix, the sum of 

probabilities in each row equals 1, meaning: 

∑ 𝑃𝑖𝑗
𝑆
𝑗=1 = 1  (4) 

To determine the time dependence (first and second 

orders) or the lack of time dependence (zero order) in 

discrete time series of AQI, it is necessary to use an 

appropriate criterion. For this purpose, the Bayesian 

Information Criterion (BIC) is commonly used [24]. 

BIC(𝑚)  =  -2L𝑚  + 𝑠𝑚(ln n)  (5) 

In which, S represents the number of states, m is the order 

of the model, and the parameter is determined from the 

following relationships [25]: 

𝐿0 = ∑ 𝑛𝑗
𝑆−1
𝑗=0 𝑙𝑛( 𝑃𝑗)  (6) 

𝐿2 = ∑ ∑ ∑ 𝑛ℎ𝑖𝑗 𝑙𝑛( 𝑃ℎ𝑖𝑗)
𝑆−1
𝑗=0

𝑆−1
𝑖=0

𝑆−1
ℎ=0   (7) 

In which, the parameter represents the likelihood 

parameter of the model of order m. The model with a 

lower BIC value is introduced as the optimal model. If the 

BIC values are equal for several different models, the 

model with a lower order is selected [26].

 
 

Table 2. Air quality index range and air pollution class  

Description of air quality Range of AQI Levels of concern Class number 

Air quality is satisfactory, and air pollution poses little or no risk 0-50 Good 1 

Air quality is acceptable. However, there may be a risk for some 

people, particularly those who are unusually sensitive to air pollution. 
51-100 Moderate 2 

Members of sensitive groups may experience health effects. The 

general public is less likely to be affected. 
101-150 

Unhealthy for Sensitive 

Groups 
3 

Some members of the general public may experience health effects; 

members of sensitive groups may experience more serious health 

effects. 

151-200 Unhealthy 4 

Health alert: The risk of health effects is increased for everyone. 201-300 Very Unhealthy 5 

Health warning of emergency conditions: everyone is more likely to 

be affected. 
301 and higher Hazardous 6 



A. Yousefi Kebriya and M. Nadi / Iranica Journal of Energy and Environment 15(2): 201-210, 2024 

205 

 

RESULTS AND DISCUSSION 
 
Selection the appropriate order of the Markov chain 

In this research, daily data for five years (2018-2022) 

from 12 air quality monitoring stations in five regions: 

East, West, North, South, and Central Tehran were used 

to select the appropriate order for the Markov chain 

model. The investigation of orders 0, 1, and 2 using the 

BIC index in Table 3 showed that the first-order model 

had the lowest BIC value and therefore, the best Markov 

model for fitting all the pollution monitoring stations in 

Tehran is a first-order Markov chain model with six 

states. 

 

Frequency analysis of air quality index 

Based on the analysis of the air quality frequency index 

in Tehran, as provided in Table 4, the western regions are 

the most heavily polluted areas, displaying the highest 

percentages of both healthy and very unhealthy air quality 

categories. For instance, Shad Abad and Shahrdari 21 

Municipality stations show healthy and clean air quality 

index percentages of 55.9% and 51.4%, respectively. 

Furthermore, more than 44% of days are associated with 

unhealthy air pollution conditions in these areas. 

The second most polluted area in Tehran is situated in 

the southern region, with the unhealthy air quality index 

percentages at Shahr Rey and Shahrdari 19 stations being 

34.91% and 31.34%, respectively. 

 

In terms of the pollution index percentage, the central 

region of Tehran, particularly the Tarbiat Modares 

station, surpasses even the southern region, with the 

pollution index percentage exceeding 40%. However, at 

the Setad Bohran station, this figure is 31.5%. 

The eastern areas of Tehran exhibit better air quality 

compared to the western and southern areas. The 

combined percentage of unhealthy air quality categories 

at Golbarg and Masoudie stations is 22.2% and 16.81%, 

respectively. Conversely, the Pirouzi region is more 

polluted than the southern regions, with the pollution 

index percentage at the Pirouzi station exceeding 39%, 

indicating higher pollution levels compared to other 

eastern regions of Tehran. Clean and healthy air 

conditions, as indicated by the pollution index frequency, 

are prevalent in the northern region of Tehran. Here, less 

than 29% of days in the year experience polluted 

conditions, and on more than 70% of days in the year, the 

air quality in this area is considered clean and healthy. 

 

Probabilistic analysis of daily transitions with 

different AQI 

Given that in the majority of AQI index stations and time 

intervals,  the first-order Markov model provides a better 

fit for the Air Quality Index (AQI), selected the first-order 

Markov chain model with six states for analyzing air 

quality classes. The transition probability matrix for this 

model is a square 6*6 matrix, with each element 

 
 

Table 3. BIC index values of Markov chain models of different orders in Tehran air quality monitoring stations 

Order Aghdasie Ponak Pirouzi 
Tarbiat 

modares 

Setad 

bohran 

Shad 

abad 
Shahr Shahrdari2 Shahrdari19 Shahrdari21 Golbarg Masoudie 

0 4207 3476 3788 4034 4032 3822 3411 4016 4343 3816 3763 3200 

1 3089 2831 3041 3280 3271 3143 2892 3054 3204 3032 2922 2475 

2 3282 2923 3198 3431 3384 3282 3026 3190 3247 3101 3035 2687 

 

 

Table 4. Frequency (%) analysis of air quality of studied stations in Tehran city 

Station  0-50 51-100 101-150 151-200 201-300 301< Geographical direction 

Tarbiat modares 3.4 56.4 26.0 13.2 0.9 0.1 Central 

Setad bohran 8.4 60.2 21.8 8.9 0.7 0.1 Central 

Golbarg 14.3 63.6 17.6 4.1 0.4 0.1 East 

Masoudie 12.9 70.0 14.9 1.8 0.1 0.01 East 

Pirouzi 2.7 57.9 26.8 11.6 0.1 0.16 East 

Aghdasie 15.3 56.0 21.3 6.9 0.4 0.06 North 

Ponak 13.5 65.6 18.7 2.2 0.1 0.05 North 

Shahrdari2 12.4 60.4 19.4 7.3 0.3 0.11 North 

Shahr rey 2.6 62.6 28.5 6.1 0.1 0.11 South 

Shahrdari19 11.4 54.1 24.2 9.6 0.4 0.22 South 

Shad abad 1.9 54.0 32.1 11.6 0.1 0.3 West 

Shahrdari21 1.3 50.1 34.3 11.7 1.38 1.22 West 
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representing the probability of transitioning from one 

specific air quality class to another . 

To gain a deeper understanding of air quality in 

various regions of Tehran, including the east, west, north, 

south, and central areas, we conducted probabilistic 

analyses at multiple monitoring stations. 

Central Region of Tehran: The results presented in 

Table 5 reveal that the central regions of Tehran exhibit 

the highest level of stability and consistency for AQI class 

2, which signifies healthy air. The probability of 

transitioning from one day with healthy air to the next day 

with healthy air stands at 75%. Additionally, there is a 

probability exceeding 40% of the air quality remaining 

unhealthy for sensitive groups (AQI class 3). 

Table 5 results indicate that there is no possibility of 

transitioning from clean air to unhealthy, very unhealthy, 

or hazardous air, and vice versa. Nevertheless, there is a 

likelihood of transitioning from days with a high pollution 

index to unhealthy air and air quality indices for sensitive 

groups. Furthermore, the stability of indices denoting 

unhealthy air for sensitive groups and unhealthy air for all 

groups surpasses the 50% mark. Conversely, there is no 

stability observed in the very hazardous air quality index, 

while the stability of the hazardous air quality index 

stands at 50%. 

Table 5 further illustrates that in instances of 

unhealthy, very unhealthy, and hazardous air pollution 

conditions, there exists a probability that the air quality 

will persist as unhealthy or transition to air quality indices 

designed for sensitive groups on the following day. 

Eastern Region of Tehran: Considering that the main 

diagonal of the transition probability matrix represents 

the continuity and stability of each air pollution class, our 

examination of the main diagonal elements in the 

probability matrices for air pollution class transitions at 

stations in the eastern part of Tehran (as presented in 

Table 6) reveals noteworthy findings. 

Firstly, it's evident that the Golbarg and Masoudie 

stations exhibit high probabilities of maintaining clean 

and healthy air, with probabilities exceeding 55% and 

75%, respectively. The Pirouzi station also displays 

substantial continuity in clean and particularly healthy air, 

with probabilities of 29% and 77%. These observations 

underscore the remarkable persistence of clean and, 

notably, healthy air quality in these locations. 

Interestingly, Golbarg station indicates a probability 

of more than 45% for days characterized by an unhealthy 

air quality index. In contrast, the Masoudie station shows 

no instances of very unhealthy or hazardous air pollution 

persisting. However, it's worth noting that there is a 

higher probability of air quality transitioning from these 

categories to unhealthy conditions and those specifically 

affecting sensitive groups. Consequently, the likelihood 

of a day with severe air pollution transitioning to a day 

with clean air is low, with a probability of less than 50%. 

Conversely, the reverse scenario, where healthy 

conditions lead to unhealthy conditions, has not been 

observed. 

Furthermore, it appears that the Masoudie station 

consistently experiences healthier weather conditions 

compared to Golbarg and Pirouzi stations. 

These insights provide valuable information for 

understanding the air quality dynamics in the eastern 

region of Tehran, contributing to informed decision-

making in environmental management and public health. 

Northern Tehran Region: The outcomes derived from 

the probability matrices detailing air pollution level 

transitions in the northern regions of Tehran are presented 

in Table 7. A comprehensive analysis of these matrices 

reveals several significant patterns and trends. 

Firstly, it's apparent that the probability of air quality 

remaining unhealthy in northern Tehran exceeds 40%, 

while clean and healthy air quality classes boast a higher 

probability, surpassing the 50% mark. This highlights the 

region's capacity for sustaining clean and healthy air 

quality conditions. 

Notably, the probability of transitioning from days 

characterized by hazardous pollution levels to unhealthy 

air quality indices for sensitive groups is notably higher 

compared to other transitions. Conversely, the possibility 

of transitioning to a day with clean and healthy air quality 

following a hazardous pollution day is non-existent. In 

essence, once hazardous air pollution conditions are 

experienced on a particular day, there is no possibility of 

their recurrence on the subsequent day, and certainly, 

clean and healthy air conditions will not prevail. 

 

 

Table 5. Transition probability matrices of central Tehran (A: Tarbiat modares, B: Setad bohran) 

A  B 

Index  1 2 3 4 5 6 
 

Index  1 2 3 4 5 6 

1 0.30 0.63 0.06 0.00 0.00 0.00 
 

1 0.41 0.58 0.02 0.00 0.00 0.00 

2 0.04 0.75 0.19 0.03 0.00 0.00 
 

2 0.08 0.75 0.16 0.01 0.00 0.00 

3 0.01 0.39 0.44 0.16 0.01 0.00 
 

3 0.02 0.42 0.39 0.16 0.02 0.00 

4 0.00 0.15 0.28 0.55 0.02 0.00 
 

4 0.01 0.10 0.36 0.50 0.02 0.00 

5 0.00 0.00 0.13 0.38 0.50 0.00 
 

5 0.00 0.17 0.33 0.42 0.00 0.08 

6 0.00 0.00 0.90 0.10 0.00 0.00 
 

6 0.00 0.00 0.50 0.50 0.00 0.00 
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Table 6. Transition probability matrices of east Tehran (A: Golbarg, B: Masodie, C: Pirouzi) 

A  B  C 

Index 1 2 3 4 5 6  Index 1 2 3 4 5 6  Index 1 2 3 4 5 6 

1 0.59 0.40 0.01 0.00 0.00 0.00  1 0.59 0.39 0.01 0.00 0.00 0.00  1 0.29 0.58 0.10 0.02 0.00 0.00 

2 0.09 0.78 0.12 0.01 0.00 0.00  2 0.07 0.82 0.10 0.01 0.00 0.00  2 0.03 0.77 0.19 0.02 0.00 0.00 

3 0.02 0.42 0.47 0.08 0.00 0.00  3 0.01 0.44 0.49 0.06 0.00 0.00  3 0.01 0.40 0.45 0.14 0.00 0.00 

4 0.00 0.16 0.35 0.45 0.04 0.00  4 0.00 0.38 0.41 0.19 0.03 0.00  4 0.00 0.10 0.29 0.59 0.00 0.01 

5 0.00 0.14 0.29 0.29 0.29 0.00  5 0.00 0.50 0.00 0.50 0.00 0.00  5 0.00 0.50 0.00 0.00 0.00 0.50 

6 0.00 0.00 0.00 0.90 0.10 0.00  6 0.00 0.00 0.00 0.90 0.10 0.00  6 0.00 0.00 0.90 0.10 0.00 0.00 
 

 

 
The transition probability matrices for stations in 

northern Tehran effectively illustrate that as air pollution 

intensity escalates, its stability diminishes. When 

hazardous air pollution conditions occur, there is a 50% 

probability of these conditions persisting as unhealthy air 

quality or unhealthy air quality for sensitive groups on the 

following day. 

These findings provide valuable insights into the 

dynamics of air quality in the northern region of Tehran, 

emphasizing the challenges associated with addressing 

and mitigating air pollution, especially when pollution 

levels reach hazardous thresholds. This knowledge 

contributes to the development of targeted environmental 

and public health strategies. 

Southern Tehran Region: In the southern Tehran region, 

akin to other areas, the probability of transitioning from 

the first four levels of air pollution, which include clean, 

healthy, unhealthy for sensitive groups, and unhealthy, to 

very unhealthy and hazardous conditions is nearly 

negligible. However, a notable distinction emerges in the 

Shahrdari 19 station, where the probabilities of 

transitioning to dangerous, unhealthy, and unhealthy 

conditions for sensitive groups are 25%, 60%, and 53%, 

respectively. These probabilities exceed those observed at 

central, eastern, and northern stations. Moreover, there is 

approximately a 50% likelihood of transitioning from 

dangerous and very unhealthy air pollution conditions to 

unhealthy conditions. This observation underscores the 

persistence of air pollution over consecutive days in the 

southern Tehran region. Comparing the air pollution 

transition probability matrices in the southern Tehran 

region, as presented in Table 8, reveals that in the Shahr 

Rey area, although the stability of clean air is lower 

compared to the Shahrdari 19 station. 

This analysis provides valuable insights into the 

unique dynamics of air quality in the southern region of 

Tehran, emphasizing the challenges posed by the 

persistence of air pollution, especially in comparison to 

other areas of the city. 

Western Tehran Region: The probability matrices 

depicting air pollution transmissions in the western region 

of Tehran are detailed in Table 9, revealing distinct 

patterns  that  distinguish  this  area  from  others  in  the 

city. 

Notably, the persistence of air pollution in the western 

region of Tehran, particularly unhealthy air, surpasses 

that of other areas in the city. Moreover, there exists a 

noteworthy 50% probability that after experiencing very 

unhealthy and hazardous air pollution conditions on a 

given day, unhealthy air conditions will prevail on the 

subsequent day. This observation underscores a 

concerning trend of consecutive days with air pollution in 

the western area of Tehran. 

In contrast, the probability of sustained clean air in 

this region is considerably low, measuring below 30%. 

Additionally, there is no possibility of transitioning from  

 

 
Table 7. Transition probability matrices of north Tehran (A: Aghdasie, B: Ponak, C: Shahrdari 2) 

A  
 

B  C 

Index 1 2 3 4 5 6 
 

Index 1 2 3 4 5 6  Index 1 2 3 4 5 6 

1 0.59 0.40 0.01 0.00 0.00 0.00 
 

1 0.53 0.47 0.00 0.00 0.00 0.00  1 0.59 0.40 0.01 0.00 0.00 0.00 

2 0.11 0.75 0.13 0.01 0.00 0.00 
 

2 0.09 0.78 0.12 0.00 0.00 0.00  2 0.08 0.77 0.14 0.01 0.00 0.00 

3 0.01 0.32 0.51 0.16 0.01 0.00 
 

3 0.02 0.41 0.51 0.06 0.00 0.00  3 0.02 0.39 0.45 0.14 0.00 0.00 

4 0.00 0.13 0.41 0.43 0.03 0.00 
 

4 0.00 0.15 0.49 0.37 0.00 0.00  4 0.00 0.16 0.30 0.52 0.01 0.01 

5 0.00 0.25 0.25 0.38 0.13 0.00 
 

5 0.00 0.00 0.00 0.90 0.10 0.00  5 0.00 0.20 0.00 0.40 0.40 0.00 

6 0.00 0.00 0.90 0.10 0.00 0.00 
 

6 0.00 0.00 0.90 0.10 0.00 0.00  6 0.00 0.00 0.90 0.10 0.00 0.00 
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Table 8. Transition probability matrices of south Tehran (A: Shahr Rey, B: Shahrdari 19) 

A 
 

B 

Index  1 2 3 4 5 6 
 

Index  1 2 3 4 5 6 

1 0.29 0.67 0.04 0.00 0.00 0.00 
 

1 0.60 0.38 0.02 0.00 0.00 0.00 

2 0.03 0.77 0.19 0.01 0.00 0.00 
 

2 0.08 0.75 0.16 0.01 0.00 0.00 

3 0.01 0.42 0.48 0.09 0.00 0.00 
 

3 0.01 0.33 0.53 0.12 0.01 0.00 

4 0.00 0.12 0.39 0.48 0.01 0.01 
 

4 0.01 0.13 0.24 0.60 0.02 0.01 

5 0.00 0.00 0.90 0.10 0.00 0.00 
 

5 0.00 0.00 0.38 0.50 0.00 0.13 

6 0.00 0.00 0.50 0.50 0.00 0.00 
 

6 0.00 0.00 0.25 0.50 0.00 0.25 

 
 
unhealthy conditions to clean air conditions, both for the 

general population and sensitive groups. The probability 

of transitioning from AQI class 3 and 4 to healthy air 

conditions stands at less than 40% and 10%, respectively. 

These findings shed light on the distinctive air 

quality dynamics in the western region of Tehran, 

emphasizing the challenges associated with mitigating air 

pollution and the need for targeted interventions to 

improve air quality and public health in this area. 

 Comparing the results with previous research, Rahimi 

et al. [27]. noted that CO pollutant levels were highest in 

Fatemi, Bazar, and Aghdasie stations throughout most 

months of the year, with Fatemi station showing the 

highest probability of CO pollution occurrence. 

Conversely, Shahr Rey station exhibited the lowest 

likelihood of CO pollutant persistence. 

 Building upon these insights, Holmes and Hassini 

[14] employed the Air Quality Health Index (AQHI) in 

eastern Canada, highlighting that urban areas spent more 

time in high-risk categories and tended to remain in these 

categories for extended durations before transitioning. 

The examination of various orders of the Markov 

chain model revealed that pollution intensity over two 

consecutive days was not independent, suggesting a 

connection between air quality on consecutive days. The 

first order of the Markov chain was selected, implying 

that air quality on one day is influenced by the preceding 

day, while the air quality of two previous days does not 

significantly impact the pollution intensity of the current 

day. 

The general examination of transmission probability 

matrices demonstrated that, overall, as pollution intensity 

increased, the stability of air quality decreased. However, 

in most stations, no stability probability was observed for 

the dangerous air quality category. Notably, the 

probability of two consecutive days of healthy air quality 

was higher than that of consecutive days with clean air 

quality. 

To further understand the AQI patterns, transmission 

probability matrices for air pollution monitoring stations 

were estimated. The results revealed that unhealthy air 

quality categories at each monitoring station exhibited 

stability, with gradual and low probability transitions 

between unhealthy and healthy categories. Sudden and 

significant transitions between very unhealthy or 

dangerous air quality to clean and healthy conditions, and 

vice versa, were not anticipated. 

In a similar study, Zakaria et al. [17] employed the 

Markov chain to predict air quality in Sarawak, Malaysia. 

Their findings indicated a higher continuity of good and 

dangerous air quality conditions compared to the other 

four conditions. Additionally, the probability of good air 

quality conditions in the long term exceeded that of 

average and unhealthy states. Very unhealthy and 

dangerous conditions showed the lowest probability of 

continuation.

 

 
Table 9. Transition probability matrices of west Tehran (A: Shad abad, B: Shahrdari 21) 

A  B 

Index 1 2 3 4 5 6  Index 1 2 3 4 5 6 

1 0.26 0.60 0.11 0.03 0.00 0.00  1 0.25 0.58 0.13 0.04 0.00 0.00 

2 0.02 0.73 0.22 0.02 0.00 0.00  2 0.02 0.71 0.25 0.02 0.00 0.00 

3 0.01 0.38 0.51 0.10 0.00 0.00  3 0.00 0.36 0.53 0.10 0.00 0.00 

4 0.00 0.10 0.29 0.60 0.00 0.01  4 0.00 0.08 0.29 0.61 0.00 0.01 

5 0.00 0.00 0.50 0.00 0.00 0.50  5 0.00 0.00 0.50 0.50 0.00 0.00 

6 0.00 0.00 0.50 0.50 0.00 0.00  6 0.00 0.00 0.50 0.25 0.00 0.25 
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CONCLUSION 
 
In this research study, an extensive analysis of the Air 

Quality Index (AQI) across six categories, including 

clean, healthy, unhealthy for sensitive groups, unhealthy, 

very unhealthy, and dangerous levels, was conducted. 

The analysis focused on the probability of consecutive-

day transitions for 12 monitoring stations situated across 

different regions of Tehran, encompassing the north, 

south, east, west, and central areas. The study spanned a 

five-year period from 2018 to 2022. 

The findings revealed that the northern region of 

Tehran consistently exhibited the best air quality, while 

the western and southern regions consistently ranked as 

having the poorest air quality. 

In conclusion, the probability of consecutive days 

with clean air quality in western Tehran was found to be 

less than 30%, whereas in northern Tehran, there was a 

probability of more than 60% for consecutive days with 

clean and healthy air quality. Importantly, it was observed 

that dangerous air pollution conditions, which are harmful 

to all living beings and associated with severe 

consequences, did not persist for more than two 

consecutive days in the north, east, and central regions of 

Tehran. However, there was a possibility of such 

conditions persisting in the southern and western regions, 

particularly in Shahrdari 19 and 21 areas. 

These findings provide valuable insights into the 

dynamics of air quality in Tehran, underlining the 

importance of region-specific air quality management 

strategies and interventions. 
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Persian Abstract 
 چکیده 

و    گرددیم  ن ییهوا تع  ی آن کلاس شدت آلودگ  له یو بوس  شودیهوا استفاده م  ی آلودگ  تی وضع  ف یتوص  ی است که از آن برا  ی ( عددAQIهوا )  تیفیشاخص ک

  شبکه   ی داری جامعه و پا  یبهداشت عموم  تی ریدر مد   یادی ز  تیهوا اهم  یطبقات شدت آلودگ  رییهوا و تغ  یآلودگ  یدهنده آن است درک رفتار تصادف نشان

منظور    نیا   یاست. برا  یطبقات شدت خشکسال  نیانتقال ب   یاحتمالات  لیتحل  یمناسب برا  یمارکف ابزار  رهیراستا مدل زنج  ن یبهداشت و درمان کشور دارد. در ا 

با شاخص    رهیمرتبه مناسب زنج  نییضمن تع انتقال    هایسیماتر   لیبه تحل  BICمارکف  آلودگ  6احتمال  برا  یحالته  ناسالم    یروزانه هوا شامل: پاک، سالم، 

  هایسال  ی شهر تهران ط  یو مرکز  ی غرب   ، یشرق  ، یجنوب   ،یسنج هوا در مناطق شمال  تیفیک  ستگاه یا  12و خطرناک در    ارناسالم یحساس، ناسالم، بس  هایگروه

  ها از کلاسه  ک ی تداوم ثبات هر    یو بررس  تقال احتمال ان   های سی ماتر  لیهوا به تحل  ی شدت آلودگ  ی هاکلاسه  ی فراوان   یپرداخته شد و پس از بررس   1401-1397

مربوط    ی درصد فراوان   34و    44از    شتریب   بیکه به ترت  ی به طور  باشند یم  ینقاط شهر  نتری تهران آلوده  یو جنوب   ینشان داد که مناطق غرب   جی نتا.  شد  پرداخته

  منطقهدر    یروزیپ  ستگاه یشاخص ناسالم و ا   یدرصد فراوان   40از    شی ب   یمرکز  ی مدرس در منطقه  ت یترب   ستگاه یا   نی ناسالم بوده است، همچن  یهابه شاخص

تداوم ثبات    نی شتریاحتمال انتقال نشان داد که ب   سی ماتر  جیهوا را دارد. نتا   ت یوضع  نتری پاک  تهران  شمال  و  اندبوده  ناسالم  شاخص  یدرصد فراوان   39  یشرق

و بلعکس وجود ندارد و تداوم ثبات    اکناسالم و خطرن  اریبس  یپاک و سالم به هوا  یاحتمال انتقال هوا نی. همچنباشدیسالم م  یهمه مناطق مربوط به هوا  یبرا

  یو جنوب   یناسالم در مناطق غرب   یو احتمال تداوم ثبات هوا  باشدیدرصد تداوم ثبات( صفر م  25)  یو جنوب   یبه جز منظقه غرب   هاستگاهیخطرناک در اکثر ا  یهوا

احتمال    نی شتریاز آن بود که ب   یاحتمال انتقال حاک  س ی ماتر  ج ی مناطق دارد. نتا  ریمناطق نسبت به سا   نی ا  شتریب   یآلودگ  یدهندهکه نشان  باشد یدرصد م  60

پاک در    یاحتمال تداوم هوا  یشهر تهران است به طور  یشمال  یهیهوا مربوط به ناح  نتری تهران بوده و پاک  ی و جنوب   یمربوط به مناطق غرب   یآلودگ  استقرار 

  ی درصد بوده است. اما احتمال تداوم ثبات شاخص هوا  50ناسالم    یو خطرناک به هوا  ناسالم  اریبس  یدرصد و احتمال انتقال هوا  30کمتر از    یغرب   یمنطقه

 درصد بوده است.  50از   ترشیپاک و سالم ب  ی هوا یاحتمال برا  نی و ا باشد یدرصد م 40از  شی ناسالم در شمال تهران ب 
 

 


