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Abstract  
Over the previous few decades, Mongolia has faced a significant increase in 

population growth, urbanization, and industrialization, as well as a significant increase in 

mining and automobile use. As a result, the types and number of air pollution emission 

sources have increased significantly, particularly in cities. During the winter season, 

Ulaanbaatar, the capital of Mongolia, has the greatest amount of air pollution in the world. 

However, due to a lack of air quality control, the city’s air quality is deteriorating. In this 

study, the temporal characteristics of air quality during the recent seven years, from 

January 2014 to December 2020, and its relationship with weather parameters were 

studied by assessing and processing the hourly data. The average concentrations of CO, 

NO2, PM10, PM2.5, SO2, and O3 pollutants have illustrated different variations during the 

study period. The Air Quality Index is calculated by using the Air Quality Assessment 

and Regulation of Mongolia. The mean AQI clearly showed a decreasing trend from 2017 

to 2020. Although air quality has steadily improved over the last four years, further steps 

must be taken in order to protect the health of inhabitants and future generations.  
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1. Introduction 

1.1. Background 

The Mongolian region encompasses northeast and central Asia and has an area 

of 1,564,120 square kilometers [1]. The country has a population of around 3.279 million 

people and Ulaanbaatar city has a population of 1,639,172 people [2]. Ger (traditional 

dwelling) neighborhoods, where coal and wood are burnt for heat, have seen the most 

population development. These ger areas are thought to be Ulaanbaatar's primary 

source of particulate matter (PM) pollution. Vehicles are another source of air pollution 

in Ulaanbaatar, posing a significant threat to air quality.  

 

 

Figure 1. Air Pollution in Ulaanbaatar city, 2022. 

 

They have an impact on the urban environment not just through emissions, but 

also through displacing the soil and causing floating dust along highways, particularly 

unpaved roads. In the winter season, 60% of its population lives in ger regions, which 

often use raw coal and wood for heating and cooking [3]. Pollutants are released by a 

variety of sources, including over 200,000 ger households (most of which use small 

stoves), 3000 heat-only boilers (HOBs), four power plants, over 500 thousand cars, and 

other sources. 
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A substantial number of studies have indicated that meteorological 

circumstances impact atmospheric pollution in a variety of ways [4]. It was discovered 

that there were apparent seasonal and weekly variable features related to weather 

conditions for the concentration of air pollution. Meteorology's most essential purpose is 

to influence the dispersion, transformation, and removal of atmospheric pollutants from 

the atmosphere, which in turn impacts the temporal features and pollution levels of 

atmospheric pollutants. 

A person’s health is influenced by a variety of factors, including their lifestyle, diet, 

and environment. Various studies have shown that environmental air pollution has an 

impact on human health. Living in an environment with high levels of air pollution is 

harmful to the health of the population, particularly children.  

According to the United Nations and the World Health Organization, 9 out of 10 

people on the earth breathe polluted air, which kills 7 million people each year (World Air 

Quality Report 2021), 800 people every hour, and 13 people every minute [5]. This is 

three times the entire number of deaths caused by tuberculosis, HIV, AIDS, and malaria 

combined. Pneumonia, bronchitis, and chronic respiratory diseases are all caused by air 

pollution. Many diseases that are related to each other can be named here. 

Complications such as reduced lung function may arise as children grow older.  

Outdoor air pollution is responsible for 29% of cardiovascular fatalities and 40% 

of lung cancer deaths in Ulaanbaatar city. These fatalities account for about 10% of 

overall mortality in the city [6]. 

The National Agency for Meteorology and Environmental Monitoring (NAMEM) 

and the Agency Against Air Pollution (AAAP) of the Municipality started evaluating air 

quality by using the air quality index (AQI), which is calculated based on ground 

monitoring of 24-hour average concentrations of pollutants. The air quality index (AQI) 

is a scale that goes from 0 to 500, with higher numbers indicating poorer air quality. 

Moreover, AQI is classified into six levels depending on specific scores: clean, 

satisfactory, less polluted, polluted, highly polluted, and very highly polluted. Since 2014, 

NAMEM has published daily AQI on a web platform (www.agaar.mn), offering a useful 

tool for the public, stakeholders, and researchers to evaluate the variance and temporal 

and spatial patterns of Ulaanbaatar city's air quality.  
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1.2. Aims of the study 

In this bachelor thesis, daily air monitoring data from 14 air quality monitoring 

sites in Ulaanbaatar were gathered from January 2014 to December 2020 to investigate 

the temporal features of air quality and air pollutants particularly. The objectives of this 

study are to (1) evaluate the temporal patterns of air quality and air pollutants from 2014 

to 2020, and (2) examine the influence of meteorological conditions on air pollution and 

quality. Detailed goals are as follows: 

Goal 1: Describe the current situation 

- Document and analyze previous studies regarding the temporal characteristics 

of air quality in Ulaanbaatar 

Goal 2: Compare the air pollution situation in Ulaanbaatar for the last few years. 

- Calculate air quality index (AQI) 

- Analyze the temporal patterns of the air quality in Ulaanbaatar 

- Relate the air quality to weather parameters 

Goal 3: Discuss the findings 

- Compare the results with previous studies 

- Interpretation of the results 

- Discuss the reasons for characteristics of temporal variations 

2. State of the art 

2.1 Air quality in Ulaanbaatar 

 Ulaanbaatar has risen to the top of the list of the world's most polluted cities. 

Because of its location, Ulaanbaatar has some specific attributes that make it apart from 

other polluted cities [7]. Ulaanbaatar is situated in a basin surrounded by mountains, and 

its latitude results in longer and colder winters than most other global capital cities. In 

winter, such topographical and geographical characteristics induce positive 

circumstances for the creation of inversion layers. When an inversion layer is maintained, 

air pollutants generated at ground level are unable to escape quickly, leading to severe 

pollution. When the air temperature in Ulaanbaatar initially fell below 0°C, the PM2.5 

concentration surged and remained excessive throughout the winter. Although traffic 

congestion exists throughout the year, serious air pollution occurs only during the winter. 

As a result, it is mostly caused by particle pollution emitted by coal burning in the city, 

particularly in ger areas. The wind velocity was low during the winter, especially at night. 
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Because of the persistence of the Siberian high beyond mid-October, the maximum 

height of the ABL was less than 1 km, and the presence of a surface inversion layer led 

to higher PM2.5 concentrations at ground level. 

At times, particle matter concentrations were found to be exceedingly high, with 

maximum PM10 concentrations of 1100 µg/m3 and several days with concentrations 

above 300 µg/m3 [8]. PM10 was dominated by coarse particles, whereas PM2 was high. 

During the winter months, five values were recorded, with PM2.5 levels frequently 

exceeding 100 µg/m3. With such high particulate matter concentrations in the 

Ulaanbaatar metropolitan region, the exposed population is expected to suffer serious 

health consequences. During the winter, crustal materials and coal combustion sources 

dominated the fine fraction, adding significantly to particle concentrations. Crustal matter 

sources were discovered to be formed both locally (urban dust sources) and transferred 

to Ulaanbaatar from the west and northwest, especially during the dry and windy spring 

and fall months. 

PM2.5 emissions were dominated by emissions from coal combustion sources, 

with two distinct source types identified: the first was identified as a high-temperature 

combustion source originating from power station emissions in Ulaanbaatar's western 

part, and the second was defined as coal combustion used for domestic heating during 

the cold season. 

Particulate pollution is the most severe, and it is a key pollutant in Mongolian cities, 

according to this comprehensive evaluation of known research studies [9]. The origins 

and content of particulate matter in Ulaanbaatar have been thoroughly recorded in 

studies. A rise in NO2 is previously known to be linked to an increase in vehicle numbers. 

Sulfur dioxide (SO2) emissions are mostly caused by coal combustion and are also 

influenced by transportation. 

2.2 Air Quality Standard  

2.2.1. National Ambient Air Quality Standards by EPA 

The Clean Air Act, last modified in 1990, mandates the EPA to establish National 

Ambient Air Quality Standards for six major pollutants that can harm public health 

(primary standards) and the environment (secondary standards). The standards of six 

pollutants established by EPA are listed in Table 1.  
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2.2.2 WHO Air Quality Guidelines 

Since 1987, the World Health Organization (WHO) has produced health-based 

air quality guidelines on a regular basis to help governments and civil society in reducing 

human exposure to air pollution and its negative impacts. The WHO has produced 

revised global air quality recommendations, which are not legally enforceable but can be 

used to improve law and policy in the Member States. The purpose of these guidelines 

is to assist reduce levels of air pollutants in order to alleviate the significant health burden 

caused by air pollution exposure globally. In 2021, the WHO adjusted its 

recommendations on six criteria air pollutants (PM, O3, NO2, SO2, and CO) since 2005. 

The guidelines are summarized in Table 1.  

 

Table 1. Permissible levels of air pollutants in the National Ambient Air Quality Standards of EPA, USA, 
and WHO Air Quality guidelines 

Pollutant Average 
measurement time 

The permissible 
level of pollutant, 

EPA 

Air quality 
guideline, WHO 

Sulfur dioxide (SO2) 1 hour 

24 hours 

196 µg/m3 

- 

- 

40 µg/m3 

Carbon monoxide (CO) 1 hour 

8 hours 

24 hours 

40000 µg/m3 

10000 µg/m3 
- 

- 

- 

4 µg/m3 

Nitrogen dioxide (NO2) 1 hour 

1 year 

24 hours 

188 µg/m3 

100 µg/m3 

- 

10 µg/m3 

25 µg/m3 

Ozone (O3) 8 hours 140 µg/m3 100 µg/m3 

PM10 particles 24 hours 

1 year 

150 µg/m3 45 µg/m3 

15 µg/m3 

PM2.5 particles 24 hours 

1 year 

35 µg/m3 

15 µg/m3 

15 µg/m3 

5 µg/m3 

 

2.2.3. The Air quality standard of Mongolia 

The Mongolian Air quality standard and general technical requirements called 

“MNS 4585:2016 Air quality. General technical requirements.” were approved in 2016 

[4]. The goal of this standard is to establish permissible levels for common pollutants in 
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ambient and indoor air to provide a healthy and safe living environment for people while 

also maintaining ecological balance. Some important definitions and permissible levels 

of air pollutants (Table 2) are provided below. The Mongolian standard is way too higher 

than the permissible levels of EPA and WHO Air Quality guidelines. 

Air Quality: Complex physical, chemical, and biological properties of air to indicate 

compliance with air quality standards. 

Ambient air: A gas combination in its natural state that is one of the environment's 

components. 

Air Pollution: Pollutant concentrations directly discharged into the atmosphere or 

produced as a result of physical or chemical interactions surpass air quality guidelines. 

Air Pollutants: Physical, chemical, biological, or radioactive substances and their 

mixtures that pollute the surrounding air. 

PM10 particles: Particles in the air that are fewer than 10 micrometers in aerodynamic 

equivalent diameter. 

PM2.5 particles: Particles in the air that are fewer than 2.5 micrometers in aerodynamic 

equivalent diameter. 

Air quality standard: Tolerable limits for pollutant release into the environment without 

causing adverse effects on human health or the ecosystem. 

Indoor air: Air inside the building, which is structurally isolated from the outside 

environment. 

 

Table 2. Maximum permissible levels of common pollutants in the air MNS 4585:2016 

Pollutant Average 
measurement time 

Unit Permissible level 

Sulfur dioxide (SO2) 20 mins 

24 hours 

1 year 

µg/m3 450 

50 

20 

Carbon monoxide (CO) 20 mins 
1 hour 

8 hours 

µg/m3 60000 
30000 

10000 

Nitrogen dioxide (NO2) 20 mins 

24 hours 

µg/m3 200 

50 
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1 year 40 

Ozone (O3) 8 hours µg/m3 100 

Total particles 20 mins 

24 hours 

1 year 

µg/m3 500 

150 

100 

PM10 particles 24 hours 
1 year 

µg/m3 100 
50 

PM2.5 particles 24 hours 

1 year 

µg/m3 50 

25 

Lead (Pb) 24 hours 

1 year 

µg/m3 1 

0.25 

Benzene-a-pyrene 

(C20H12) 

24 hours µg/m3 0.001 

 

It should be noted that the current Mongolian air quality standard is dedicated to 

outdoor air quality, but not indoor air quality including some physical parameters and 

carbon dioxide only. The Mongolian version of the “MNS 4585:2016 Air quality. General 

technical requirements.” standard is attached in Appendix 4. 
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3. Material and Methods 

3.1 Air quality monitoring sites 

Through the air quality monitoring network, which consists of the NAMEM and 

the Air Pollution Reduction Department of Ulaanbaatar (APRD), a total of 14 sites are 

illustrated in Figure 1. At those monitoring sites, sulfur dioxide, nitrogen dioxide, carbon 

monoxide, ozone, particulate matter (PM10 and PM2.5), and weather parameters are 

monitored. The number of measurement parameters varies depending on the location. 

Table 3 shows the air quality monitoring sites’ names, locations (longitude, latitude), and 

classification with measured parameters.  

 

 

Figure 2. Air Quality monitoring sites in Ulaanbaatar. Yellow marks indicate the sites of the ger area. 

Green marks indicate the sites of the industrial area. Pink marks indicate the sites of the residential area. 

The red mark indicates the site of the roadside area. Blue marks indicate the sites of the remote area. 

 

14 air quality monitoring stations are provided and located in various surroundings as 

below: 

- ger (UB3, UB12, APRD1, APRD2, APRD3, APRD4, APRD6, and US Embassy),  

- residential (UB4 and UB5), 
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- industrial (UB1 and UB7), 

- roadside (UB2) and  

- remote areas (UB8).  

Valid data are marked as a dark circle and not valid data are marked as – in Table 3. 

Table 3. List of the air quality monitoring sites of Ulaanbaatar with locations, classifications, and measured 

parameters. 

Site name (ID) Area Location 
(longitud

e N, 
latitude 

E) 

 

Measuring parameters 

Weather 
parameter

s 

𝑺𝑶𝟐 𝑵𝑶𝟐 𝑪𝑶 𝑶𝟑 𝑷𝑴𝟐. 𝟓 𝑷𝑴𝟏𝟎 

Michael (UB1) Industrial 106.8822, 
47.894 

● ● ● ● ● - ● 

Baruun 4 zam 
(UB2) 

Roadside 106.8945, 

47.9155 

● ● ● ● ● - ● 

1-r horoolol 
(UB3) 

Ger 106.8478, 

47.9188 

● ● ● ● ● - ● 

Bukhiin 
urguu (UB4) 

Residenti

al 

106.9375, 

47.9176 

● ● ● ● ● ● ● 

100 ail (UB5) Residenti

al 

106.9214, 

47.933 

● ● ● ● ● - ● 

Mongol gazar 
(UB7) 

Industrial 106.8419, 

47.9051 

● ● ● ● - - ● 

Urgakh naran 
(UB8) 

Remote 107.118, 

47.8665 

● ● ● ● ● - ● 

Selbe (UB12) Ger  - ● ● - - ● ● 
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Tolgoit 
(APRD1) 

Ger 106.7944, 

47.9223 

● ● ● ● ● ● ● 

Televiz 
(APRD2) 

Ger 106.8883, 

47.9298 

● ● ● ● ● ● ● 

Amgalan 
(APRD3) 

Ger 106.998, 

47.9135 

● ● ● ● ● ● ● 

Nisekh 
(APRD4) 

Ger 106.7783, 
47.8644 

● ● ● ● - ● ● 

Bayankhoshu
u (APRD6) 

Ger 106.823, 

47.9578 

● - - - - ● ● 

US Embassy Ger 106.9312, 

47.9309 

- - - - - ● - 

 

3.2 Data  

The concentrations of all the six pollutants (CO, NO2, PM10, PM2.5, SO2, and O3) were 

collected from the air quality monitoring stations during the study period. The below 

values (Figure 3) are averaged over all the air quality monitoring stations in general. The 

overall trends of the air pollutants’ concentrations, maximum, minimum, mean, median, 

and missing values of each pollutant are shown in this figure. From this figure, PM2.5 

and PM10 pollutants shows a decreasing trend from 2017 to 2020. This may be due to 

the ban on raw coal combustion in ger areas from 2018.  

The trends of the pollutants which are classified into the categorization of areas such as 

ger, industrial (in), remote (rem), residential (res), and roadside (road) are illustrated and 

attached in Appendix 1. 
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Figure 3. The trends of air pollutants concentration for the study period in Ulaanbaatar city, 2014 to 2020. 

 

Figure 4 shows the trends of weather parameters such as temperature, wind direction 

and relative humidity for the study period in Ulaanbaatar city from 2014 to 2020. As 

Figure 3, maximum, minimum, mean, median and missing values are calculated and 

shown below figure. As for the wind direction figure, the values are missing from 2014, 

2015, 2016 and 2020. The existing values are plotted, and the trend doesn’t show any 

increasing or decreasing trend, it only shows the static constant trend. This is because 

the wind is breezing in any direction at any time, not like the temperature or humidity. 
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Figure 4. The trends of temperature, wind direction and relative humidity for the study period in Ulaanbaatar 
city, 2014 to 2020. 

 

3.3 Air quality index (AQI) 

The Air quality index has been used in Mongolia since 2011 and updated in 2014 

and 2018. The Air Quality Assessment and Reporting regulation (A/387 order by the 

Minister of Environment and Tourism) of Mongolia was approved in 2018. The purpose 

of the General Regulation for Assessing and Reporting Air Quality by Air Quality Index 

is to provide accessible air quality information to the public in compliance with the Law 

on Air and the standard "MNS4585:2016 Air Quality. General Technical Requirements". 

According to this regulation, the air quality index is a quantitative indicator that 

compares the concentration of pollutants in a metropolitan area's surrounding air to the 

value of the pollutant concentration that impacts human health. Air quality indexing and 

reporting will assist in identifying and reporting the impact of air pollutants on the health 

of the urban population, providing public health advice on air pollution protection, and 

planning and implementing air pollution preventive measures. The air quality index must 

be computed for at least three common pollutants in the atmosphere while considering 

the air quality monitoring program. These include sulfur dioxide, nitrogen dioxide, PM10, 

PM2.5, carbon monoxide, and ozone. 
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Air quality is classified into six levels by the Air Quality Index, and Table 4 shows 

the numerical, color, and human health effects of the corresponding indices for each 

level. 

 

Table 4 Air Quality Index, health effects 

Air Quality 
Index 

Air Quality 
Classification 

Notation 
(by color) 

Health effects 

0-50 Clean Green No adverse effects on human health. 

51-100 Satisfactory Yellow Meets air quality standards. However, some 

hypersensitive people may show signs of 

respiratory illness. 

101-200 Less polluted Orange Adverse effects on the health of 
hypersensitive people. People with chronic 

cardiovascular and respiratory diseases, 

especially bronchial asthma, are more likely 

to be affected. 

201-300 Polluted Red Adverse effects on human health begin to 

appear. Adverse effects on the health of 
hypersensitive people can be severe. 

301-400 Highly polluted Purple Prolonged outdoor exposure can have 

significant adverse effects on human health. 

401-500 Very highly 

polluted 

Brown Adverse effects on human health 

 

The air quality index is calculated for each air pollutant using the following formula. 

𝐼 = !!"!"
#!"#"

(𝐶 − 𝐶$) + 𝐼$  Eq. (1) 

where: 
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𝐼 − AQI, 

𝐶 −	the pollutant concentration, 

𝐶$ −	the lower concentration breakpoint, 

𝐶% −	the higher concentration breakpoint, 

𝐼$ −	the lower index breakpoint corresponding to 𝐶$, 

𝐼% −	the higher index breakpoint corresponding to 𝐶%. 

Table 5 shows the upper and lower values of the limits for human 

health exposure to the 1- and 24-hour average concentrations of each 

pollutant. 

 

Table 5 Limit values corresponding to the air quality index 

AQI The limit value of the concentration that affects human health /Breakpoint/ 

𝑆𝑂#,	𝜇𝑔/𝑚$ 

/1h/ 

𝑁𝑂#,	𝜇𝑔/

𝑚$ /1h/ 

𝑃𝑀10,	𝜇𝑔/

𝑚$ /24h/ 

𝑃𝑀2.5,	𝜇𝑔/

𝑚$ /24h/ 

𝐶𝑂, 𝑚𝑔/

𝑚$ /1h/ 

𝑂$, 

𝜇𝑔/𝑚$ /1h/ 

0-50 0-100 0-100 0-50 0-35 - - 

51-100 101-300 101-200 51-100 36-50 11-30 - 

101-200 301-800 201-700 101-300 51-150 31-60 250-400 

201-300 801-1600 701-2000 301-420 151-250 61-90 401-800 

301-400 1601-2100 2001- 
3500 

421-500 251-350 91-120 801-1000 

401-500 2101-2620 3501- 

3840 

501-600, 

601< 

351-500, 

501< 

120-150 1001- 2000 

 

The highest numerical value of the index for each pollutant shall be the current 

air quality index. For example, if the air quality index is 110 for sulfur dioxide, 95 for 
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nitrogen dioxide, and 150 for PM10, the overall air quality index is 150 and the air quality 

is considered to be slightly polluted.  



 

 24 

4. Results and Discussion 

4.1. General temporal characteristics of air pollutants in Ulaanbaatar 

 The time series of the daily mean CO, NO2, PM10, PM2.5, SO2 and O3 

concentrations are plotted in Figure 5 for the study period. The concentrations are 

averaged over the air quality monitoring stations. In general, all the pollutants have 

shown different characteristics during those 7 years according to this figure. For instance, 

a clear increase in SO2 and a clear decrease in CO are observed. As a CO pollutant, 

data is not observed during 2014-2017 and 2019-2020, the concentrations are clearly 

higher than other pollutants. The highest was 4500 µg/m3 in 2017 and the lowest was 

2000 µg/m3 in 2019, which shows a clear decrease in CO concentration. As a NO2 

pollutant, the graph is constant during the study period and the values are showing the 

least values of all the pollutants. As a PM10 pollutant, the concentrations became slightly 

less from 2014 to 2020 and the ratio is 1.11. As a PM2.5 particle, the mean values 

showed an increase (approx. 800 µg/m3) in 2017 and then decreased to 200 µg/m3 in 

2020. As an O3 pollutant, the maximum value is 700 µg/m3 in the 2018-2019 winter, the 

mean concentrations are slightly higher in wintertime.     

Figure 5 Time series of the daily average CO, NO2, PM10, PM2.5, SO2 and O3 concentrations for the 
period of January 2014 - December 2020. The concentrations are averaged throughout the air quality 

monitoring stations. 
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Figure 6 shows the weekly, hourly, monthly, and daily variations of all the six air 

pollutant concentrations (CO, NO2, O3, PM2.5, PM10, and SO2) in general. Because of 

the higher amount of concentrations of CO and PM10 pollutants, Figure 6 is divided into 

2 separate figures. From the mean hourly graph, the maximum value is a CO 

concentration of 225 µg/m3 at 11 pm and the least value of CO is 70 µg/m3 at 5 pm, which 

shows a falling off in the daytime and an increase in the nighttime. The concentrations 

increased throughout the weekdays, according to the day of the week graph. However, 

there was a modest decline in weekends. According to the weekly graph, the average 

maximum value at 9 am on weekdays is between 200-250 µg/m3, but the average 

maximum value of this time on weekends is between 150-200 µg/m3, which indicates a 

clear decrease. We may conclude that the issue is related to automobile emissions on 

working days.  

 

 

Figure 7 shows the time series of hourly, daily, and monthly mean variations of 

the pollutants CO and PM10. Only the concentrations of CO pollutant are higher at 6 am 

compared to the other pollutants, its maximum value of the day is around 225 µg/m3 at 

Figure 6. Time series of hourly, daily, monthly mean variations of all the pollutants. (timeVariation) 
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midnight, and its minimum value of the day is around 60 µg/m3 from 3 pm to 5 pm and 

the ratio is 3.75. The mean values are at their maximum in the winter season and their 

minimum in the summer season. The winter and summer average values of CO 

pollutants are around 333.3 µg/m3 and 50 µg/m3 respectively. The maximum value of 

PM10 did not exceed 150 µg/m3 from the hourly and weekly graphs. From the daily 

graph, both pollutants’ mean values are higher on working days and lower at weekends. 

But, as a pollutant CO, the highest value is on Thursday, the lowest is on Saturday, and 

the ratio is 1.13. As a pollutant PM10, the highest value is on Friday, the lowest value is 

on Sunday, and the ratio is around 1.14. The ratio of these 2 pollutants is relatively the 

same. 

 

 

Figure 8 depicts the illustration of time series of hourly, daily, and weekly 

variations of SO2, PM2.5, O3, and NO2. Hourly variations of SO2, PM2.5, PM10, O3, and 

NO2 show ‘W’-like features having two minimums around 6 am and 6 pm, and two 

maximums around 12 am and 11 am to 2 pm. The mean value of pollutant O3 seems like 

the most constant value in general. On the other hand, the mean values of O3 are highest 

in a daily mean graph, but it is still constant. SO2 values are the lowest of all the pollutants 

Figure 7. Time series of hourly, daily, weekly mean variations of CO, PM10 pollutants. 
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in every graph. In general, all the pollutants’ mean values are constant during the week 

except for the PM2.5 pollutant. The maximum value of PM2.5 is around 52.5 µg/m3, the 

min value is around 47 µg/m3, and the ratio is 1.12. The daily mean values of PM2.5 

pollutants exceeded the national standards of Mongolia which is 50 µg/m3 from 

Wednesday to Friday. The mean values are found to be greater in the winter and lower 

in the summer. The maximum value is around 150 µg/m3 in January and the minimum is 

around 20 µg/m3 in August, and the ratio is 7.5. The NO2 concentration figure is the 

average of them all and it has 2 peaks during 6 am and 6 pm and the maximum value is 

60 µg/m3 around 11 pm in the hourly graph. The average values are constantly rising 

during working days and then fell off slightly at weekends. But, the difference between 

these increases and decreases is not that great in a daily graph.  

 
Figure 8. Time series of hourly, daily, and monthly mean variations of the pollutants SO2, NO2, O3, and 

PM2.5. 
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4.2 Temporal characteristics of Air Quality 

The overall hourly Air Quality Index (AQI) was calculated over the air quality 

monitoring sites and plotted as time series generally in Figure 9. Equation 1 is used for 

the calculation of AQI from the air pollutants data. The total AQI reached its highest value 

during the research period in 2017-2018, indicating the worst air quality in that period. 

According to the figure, the AQI was the best in the 2016 summer. The AQI clearly shows 

the seasonal variations. 

 

Figure 9. Time series of overall hourly AQI data for the period of 2014-2020. The AQI calculated over the 

air quality monitoring stations 

 

The time series of overall monthly mean AQI data are shown in Figure 10. The 

AQI averaged over the air quality monitoring sites monthly. The greatest value is in 2017, 

when the AQI suddenly climbed from 2016 to 2017, then gradually decreased year by 

year. However, there is a noticeable decline from 2019 to 2020. Air pollution in 

Ulaanbaatar city has tended to worsen throughout those years due to raw coal usage 

[3]. As a result, the AQI has skyrocketed in 2017. To solve this issue, according to 

Governmental Resolution No. 62 issued in 2018, the use of raw coal in six central districts 

of Ulaanbaatar has been replaced with the consumption of briquette fuel for the 

improvement of air quality. The air quality improved significantly once the consumption 
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of raw coal was prohibited. Due to prohibition on this matter, a clear decrease has shown 

from 2017 to 2020 winter. 

 

 

Figure 11 depicts a time series plot of hourly, daily, and monthly average 

fluctuations in overall mean AQI data. The total AQI was measured across all air quality 

monitoring sites. There is a difference between working days and weekends from the 

weekly graph, as shown in Figure 6. The maximum occurrence time is 220 µg/m3 at 11 

pm, the minimum occurrence time is 160 µg/m3 at 6 am, and the ratio is 1.375. This 

means that the AQI is at its worst at night. In the average monthly graph, the AQI value 

is greatest in January, steady from March to June, then drops in August and rises in 

December. It demonstrates that the AQI is rather excellent in the spring, summer, and 

fall seasons, but significantly worse in the winter. In a day of the week graph, the total 

AQI value rises steadily from Monday to Friday, then falls drastically on Saturday. As 

mentioned earlier, this sudden drop is related to vehicle emissions, stoves of gers, and 

electricity use during nighttime. The electricity cost is much lower at night than during 

daytime usage which is a discount on nighttime electricity tariff, a part of the air pollution 

reduction program. 

Figure 10. Time series of overall monthly AQI data for the period of 2014-2020. The AQI calculated over 
the air quality monitoring stations. (timePlot) 
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The overall AQI has been categorized by all of those pollutants. This 

categorization is calculated by using the Air Quality Assessment and Regulation of 

Mongolia methods, equations, and tables. The percentage of pollutants which 

determines AQI is illustrated in a bar chart in Figure 12. PM10 makes up the majority 

(60.8%) followed by PM2.5. The percentage of PM2.5 is nearly 2 times less than PM10 

(32.4%) and the other pollutants (SO2, CO, O3, and NO2) account for the remaining 

percentages. According to the graph, PM10 accounted for the majority of AQI readings, 

indicating that PM10 pollutant concentrations far exceed the healthy level than those of 

other pollutants making up the unhealthy level for human health. The pollutant SO2 has 

the lowest value of them all, the ratio of the percentage of PM10 and SO2 is 164.35. This 

PM10 pollutant emission is due to raw coal consumption of household stoves in ger 

areas.  

 

Figure 11. Time series of hourly, daily, monthly mean variations of overall mean AQI. The AQI averaged over 
the air quality monitoring stations. (timeVariation) 
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Figure 12. The percentage of pollutants within the overall AQI 

 

Figure 13 shows the variations in AQI by year and hour of the day for 2017-2020. 

The mean AQI is displayed hourly on the y-axis, monthly on the x-axis, and yearly 

on the y-axis in this figure. Unlike previous graphs, this graph shows AQI data 

only from 2017 to 2020 since our assumption excludes data from 2014 to 2017 

due to a lack of measurement data. The trends of overall mean AQI values for 

the study period from 2014 to 2020 are attached in Appendix 2. From this figure, 

the AQI is bad in the morning and night, but the best during the working hours 

and from midnight till dawn if we see from hourly graph more detailed. As the 

PM10 and PM2.5 particles make up the majority in the calculation of AQI, the AQI 

is unexpectedly poorer and marked in purple (300-400) in the May-June of 2017-

2018 (compared to 2019-2020). This is due to spring dust occurrences as well as 

a shortage of precipitation throughout these months. There are almost no green 

marked boxes in this graph. But, in the 2020 summer, there are a few days of 
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having good AQI.  

 

Figure 13. Variations in AQI by year and hour of the day for 2017-2020. (trendLevel) 
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The daily mean values of overall AQI for 2014, 2017, and 2020 are shown in the 

calendar chart using a color graduation corresponding levels of AQI categories (0 green 

to 500 brown) in Figure 14. The daily mean values of overall AQI for 2015,2016,2018 

and 2019 are attached in Appendix 3. The AQI values are much higher in 2017 (Figure 

14b) and marked in mostly purple compared to the other two charts. The daily AQI values 

exhibit an increasing trend from 2014 to 2017 and a decreasing trend from 2017 to 2020. 

In Figure 14c, there are very few higher AQI values marked in purple compared to Figure 

14a. According to the Air Quality Assessment and Regulation of Mongolia, the AQI 

values and purple marks are indicating the classification of the very unhealthy category 

in 2017. On the other hand, as mentioned before, there is a decreasing trend in AQI 

values, which indicates better air quality. Especially, in the 2017 to 2020 winter, the AQI 

values fell from 300-500 to 200-300 drastically. This is also due to the banning of raw 

coal consumption. From all three charts, the air quality is much better in July and August 

which indicates the classification of good to moderate air quality. 

 

4.3. The relationship between air quality and weather parameters 

 

Weather conditions have a significant impact on the ambient air quality of a city 

[10]. Temperature, relative humidity, wind speed, and direction are regarded as key 

elements because they may impact the dispersion process, removal processes, and 

particle production in the atmosphere, and so play a considerable role in limiting air 

pollution concentrations. Meteorological influence has been addressed widely in several 

studies in Ulaanbaatar (Wang 2017). Table 6 shows the summary statistics of averaged 

Air Quality Index, wind direction, temperature, and relative humidity yearly from 2014 to 

2020. The AQI value is the highest in 2017 and the lowest in 2015, which indicates the 

air quality was better in 2015 and worst in 2017. The AQI value has increased by 72% 

from 2015 to 2017, which shows the poorer air quality. However, a clear decrease has 

been shown from 2017 to 2020. The AQI has decreased by 38% from 2017 to 2020. 

Relative humidity also decreased by 8.95% from 2017 to 2020. Wind direction has 

Figure 14. Daily mean values of AQI a). of 2014 b). of 2017 c). of 2020. 
(calendarPlot) 
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increased by 46 % from 2017 to 2020. From this table, a high negative correlation is 

clearly shown between the AQI value and wind direction.  

 

Table 6. The AQI and weather parameters’ mean values yearly, 2014-2020. 

Year AQI 
Wind 
Direction, 
degrees 

Temperature, 
Celsius 

Relative 
Humidity, % 

2014 173.3 159.449 0.910 52.581 

2015 149.2 164.909 1.424 51.814 

2016 153.7 163.417 0.399 55.744 

2017 257.1 88.693 1.336 54.781 

2018 249.6 109.940 0.768 55.168 

2019 208.8 116.654 1.031 48.267 

2020 159.5 164.630 1.873 49.877 

 

Figure 15 illustrates the correlation between the average AQI and average wind 

direction in degrees yearly from 2014 to 2020. The trendline of this figure shows a high 

negative correlation between the index and the wind direction. The wind direction is the 

highest in 2015, but, the AQI value is the lowest in 2015. It indicates that if the wind 

direction decreases, the air quality will worsen. This negative relationship shows a 

downward slope of –0.68. This could mean when the wind direction becomes near 90 

degrees, the air quality becomes worse. When the wind breezes in horizontal direction, 

air pollutants in the atmosphere are static. 
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Figure 15. Correlation between the mean AQI and mean Wind direction 

 

Figure 16 depicts the link between mean AQI and mean temperature across the 2014-

2020 research period. This graph shows that there is practically no correlation between 

the AQI and temperature. The slope of this trendline is indeed -0.001. This explains that 

as the AQI rises, there is practically no trend for the temperature to rise in a particular 

direction. Due to the fluctuations of the temperature in Mongolia, the correlation between 

the mean AQI and the mean temperature is not seen in detail. The correlation between 

the average AQI and the average temperature calculated monthly is illustrated in Figure 

16. In this figure, the high negative correlation exhibits clearly. As the temperature fell 

off, the AQI increases dramatically. This indicates that the temperature fall is strongly 

related to an increase in the AQI, which means the air quality became worse throughout 

the cold season in Ulaanbaatar. The slope of this trendline in this figure is -0.116 showing 

a downward direction, which indicates a high negative correlation.  
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Figure 16. Correlation between the mean AQI and mean temperature. 

 

Figure 17. Correlation between the mean AQI and the mean Temperature by month 
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The correlation between the average Air Quality Index and average relative 

humidity is shown in Figure 17. There is a moderate positive correlation between these 

2 parameters, and the slope of this trendline is 0.02. Because increased humidity in the 

atmosphere limits the quantity of solar energy reaching the earth's surface, this 

moderately positive correlation may be attributed to the establishment of an inversion 

layer. 

 

Figure 18. Correlation between the mean AQI and mean Relative Humidity by year 

  

Figure 19 illustrates the trends of daily mean PM10, PM 2.5 pollutants 

concentration, temperature and relative humidity from 2014 to 2020. These mean 

values are averaged over the air quality monitoring stations in Ulaanbaatar city. 

The negative correlation between PM10, PM2.5 pollutants and temperature are 

clearly shown in this figure. Additionally, there is a clear positive correlation 

between PM10, PM2.5 pollutants and relative humidity. And PM10 pollutant 

values are relatively higher than the mean PM2.5 pollutant concentrations during 

the study period. These correlations show the PM2.5 and PM10 pollutants’ 
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concentrations were higher in the winter season due to coal stoves in ger areas 

and vehicle emissions in Ulaanbaatar city. 

 

Figure 19. The trends of average PM10, PM2.5, temperature and relative humidity for the study period, 
2014 to 2020. 
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5. Conclusion & Recommendations 

 

According to the research, the air quality in Ulaanbaatar is poor. However, from 

2017 to 2020, there is a distinct steady reduction in the concentrations of all 

contaminants. This drop is attributable to the prohibition on the use of raw coal. The 

mean concentrations were greater in the winter and lower in the summer. This is because 

air particle pollutants are emitted mostly by coal combustion in household stoves used 

for heating, mainly at night, whereas emissions from vehicles and soil dust disturbed by 

vehicle passage also contribute to diurnal PM emissions. Concentrations were regularly 

raised at night and throughout working days.  

During this investigation, the air quality in the city reduced as the wind direction 

drops near 90 degrees. This is because the city is surrounded by mountains, which limit 

both the vertical and horizontal dispersion of air particle pollution. These meteorological 

and geographical factors contribute to the high concentrations of PM2.5 and PM10, as 

well as the poor air quality. Temperature decrease also affected poorer air quality. 

To conclude, the air quality in Ulaanbaatar city is becoming way better than it was 

in 2017-2018 and the weather conditions have a strong effect on air quality matter. 

Recommendations: 

a). In Mongolia, there are no legislative requirements for the allowed amounts of indoor 

air pollution, which need to be established explicitly. Both outdoor and indoor air pollution 

create serious health concerns.  

b). It is recommended that a study be undertaken on the effects of human activities on 

pollutant features and behavior, such as traffic-related air pollution. Furthermore, 

because the surrounding environment of the monitoring sites influences the 

measurement, more research into the influencing factors on measurement sites is 

required. As dust storms are a common source of coarse particles throughout the non-

heating season in Mongolia, comprehensive research to distinguish between natural and 

anthropogenic sources of particulate matter should be carried out. 

c). The research on air quality modeling methodologies of computational fluid dynamics, 

urban air pollution, and climate integrated modeling will considerably increase 

knowledge of air pollution behavior and its environmental consequences, as well as allow 

for the simulation of future scenarios. Aside from modeling operations, measurements of 
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various parameters in various regions, particularly in clearly contaminated areas, should 

be expanded and intensified.  
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APPENDIX 
 

Appendix 1. Trends of air pollutants categorized in areas (ger, industrial, roadside, remote and residential 
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Appendix 2. Variations in AQI by year and hour of the day for 2014-2020 
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Appendix 3. Daily mean values of overall AQI during 2015-2016 and 2018-2019 
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Appendix 4. The Air Quality Assessment and Regulation of Mongolia, Mongolian version 

 


