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Abstract
Air pollution is one of the biggest problems in Ulaanbaatar, Mongolia, with the most harmful pollutant
being PM2.5. This paper aims to provide an overview of the current status of PM2.5 pollution in Ulaanbaatar
based on the governmentʼs monitoring data and mitigation policies. During the last several years, PM10 and
PM2.5 concentrations have gradually decreased in Ulaanbaatar, even though in winter the average PM2.5
concentration has been 2–5 times higher than national Air Quality Standard（AQS）
. The Government of
Mongolia is implementing measures to reduce air pollution by approving laws, policy documents and
strategies for air pollution mitigation in Ulaanbaatar.
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1. Introduction
Air pollution has become one of the most
challenging issues in Mongolia, especially during the last
two decades. In rural parts of Mongolia, desertification,
deforestation and soil erosion have increased because of
land degradation, climate change and mining activities.
As a result of these negative human impacts on the
environment, Mongoliaʼs desert has become one of the
main sources of Asian dust storms（Dementeva et al.,
2013, Amarsaikhan et al., 2014）
. Dust storms over this
region have been well studied in recent decades.
Changes in environmental conditions may affect the
emergence and distribution of diseases, leading to
potential new health risks, including respiratory diseases,
among young children （Jadambaa et al., 2014）
. Air
pollution takes many forms and the most harmful to
health is fine particulate matter PM2.5. A World Health
Organization（WHO）report showed that in 2012, one
out of nine deaths in Mongolia was the result of air
pollution-related diseases and more than half of child
deaths from pneumonia in Mongolia were due to indoor
air pollution. In Mongolia, indoor and outdoor air
pollution accounts for 132 deaths per 100,000 people per
year ; whereas the global average is 92 deaths per
100,000 people（WHO Representative Office Mongolia,
2018）.
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Ulaanbaatar is the coldest national capital in the
world, and a high-density populated city in Mongolia,
where 40％ of the total population lives. The WHO
studied publicly available air quality data from 1,100
cities and listed Ulaanbaatar among the top five cities
with the worst air quality in the world（Guttikunda et al.,
2013）. Rapid urbanization over a short period of time
has led to extended ger（traditional housing）areas. The
largest source of particulate pollution in Ulaanbaatar is
coal and biomass combustion in households, heat-only
boilers（HOBs）and three thermal power plants（TPPs）.
In addition to the growing emissions, the cityʼs
geography and topography play a significant role in
aggravating the pollution levels, which peak in December
and January. There are primarily two reasons for this :
（1）in the winter months, continuous heating is required
in residential and commercial sectors, which increases
the total emissions from heating boilers in the city and at
the power plants, and （2） the problem is further
exacerbated by lower mixing layer heights（lower than
200 m） coupled with geography surrounded by
mountains, which restrict the vertical and horizontal
dispersion of pollutants in the winter months
（Guttikunda et al., 2013）. During winter, Ulaanbaatarʼs
air pollution is caused by households and low-pressure
boilers burning raw coal in the ger districts （80％）,
motor vehicles（10％）, coal-fired power plants（6％）
©2018 AIRIES
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Table 1 Daily average concentration of pollutants（µg/m3）in Ulaanbaatar.
source : Mongolian Statistical Yearbook（National Statistical Office of Mongolia, 2016）.
MONTH

January

February

March

April

May

June

July

August

September

October

November

December

POLLUTANTS PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5
2011

436

459

295

270

176

127

202

51

146

42

112

45

119

56

129

44

148

40

156

63

221

144

795

318

2012

836

270

432

153

209

82

271

36

303

35

104

35

109

35

134

39

135

43

160

14

354

133

538

224

2013

527

235

299

150

182

68

149

35

145

35

110

31

107

34

123

42

144

32

189

50

276

114

444

186

2014

384

166

259

109

173

56

155

33

106

22

119

17

97

22

126

22

145

35

171

54

205

90

237

148

2015

225

157

176

84

109

44

112

29

81

26

78

28

78

28

73

25

79

23

117

49

132

85

172

115

2016

230

187

176

133

93

49

93

21

78

18

66

22

77

30

57

11

79

28

96

38

169

108

209

142

and solid waste and soil degradation （4％）（WHO
Representative Office Mongolia, 2018）．
Allen et al. （2013） noted that high PM2.5/PM10
ratios were consistent with of major impact from a coal
and wood combustion in the cityʼs low-income ger areas
in winter. They estimated that 29％ of cardiopulmonary
deaths and 40％ of lung cancer deaths in the city were
attributable to outdoor air pollution.
High pollution is observed in Ulaanbaatar during
the winter period, where the temperature strongly drops
（November to the end of February）. To consider
diurnally, the highest concentrations of PM10 and PM2.5
are observed in the mornings and evenings when coal
combustion in the ger area is active （Table 1）. But
seasonality, the highest concentrations of PM10 and PM2.5
are observed in winter, and the lowest in summer（Jugder
et al., 2013）.
The monthly distribution of 24-hour averaged
PM2.5/PM10 ratios is also highly variable between
seasons, with a mean ratio of 0.26±0.11 in summer and
0.78±0.12 in winter（Allen et al., 2013）
. This, however,
was estimated using data from only a single station. Our
paper aims to provide an overview of long-term changes
and the current situation regarding PM2.5 pollution, the
PM 2.5 /PM 10 ratio and the relationship between
meteorological parameters and the air pollution
mitigation measures and policies of the Government of
Mongolia.

estimated from all available air quality observation data
（2010─2017）from the three selected stations.
The gridded PM2.5 emissions were estimated by
multiplying the value of PM10 emissions by a factor of
0.7, which was the averaged PM2.5/PM10 concentration
ratio at the three selected stations in winter. PM2.5/PM10
emission ratio is different from PM2.5/PM10
concentration ratio due to the effect of secondary PM.
The winter average air quality index for PM2.5（AQIPM2.5）
at each station was estimated by formula（1）.
AQIPM2.5＝

PM10（concentration）＊0.7
＊100
50

（1）

The national Air Quality Standard（AQS）for PM2.5
is 50 µg/m3 for the daily mean.

3. Current Status of PM2.5 Pollution in
Ulaanbaatar

According to the data of National Statistical Office
（NSO, 2016） of Ulaanbaatar, there are 216,000
households in the ger areas that use coal for cooking and
heating, out of which 52％ live in houses and 48％ live
in traditional gers in Ulaanbaatar. On average, the
households in gers are estimated to consume five tons of
coal and three cubic meters of fuelwood per year
（Guttikunda, 2007）. Most of the coal consumption
occurs during winter, between November and February
（Guttikunda et. al., 2013）. The current WHO guideline
（WHO Representative Office Mongolia, 2018）for PM2.5
2. Methodology
was set at 10 µg/m3 for the annual mean. The national
ambient AQS is 25 µg/m3 for the annual mean, and
In our study, we used hourly average observation
data on PM10, PM2.5, wind direction and wind speed
50 µg/m3 for the daily mean. In Ulaanbaatar, the monthly
（2010─2017）at the three air-quality monitoring stations
average PM2.5 concentration was 256 µg/m3 in December
（Fig. 1 a）in Ulaanbaatar which were located in different
2016（Government of Mongolia, 2017）. This is more
places, representing areas related to emission sources
than 25 times the WHO guidelines, five times higher than
the daily mean of the national AQS and 10 times higher
such as UB02（roadside）, UB04（a residential area）and
than the annual mean. The average PM2.5 detected in the
Tolgoit（a ger area）. PM10 grid emissions were estimated
as follows.
ger area is considerably higher.
PM 10 emissions （each grid）＝ number of
We estimated PM10 emissions from a ger area（1×
households（each a 1×1 km grid）times the emission
1 km grid）using the number of gers, houses and HOBs
factor times the average coal consumption. We used the
and their coal consumption in each grid and converted
emission factor for PM10 （approximately 4.0 kg/ton） the result to PM2.5 based on the PM2.5/PM10 ratio
suggested in The Global Atmospheric Pollution Forum （approximately 0.7）. The main pollution sources were
located around the city center（Fig. 1）.
Air Pollutant Emissions Inventory Manual（Stockholm
Figure 2 shows seasonal variations and long-term
Environment Institute, 2010）and reported by the Japan
changes in PM 10 and PM 2.5 concentrations in
International Cooperation Agency（JICA）project（JICA,
2017）. The winter average PM2.5/PM10 ratio was 0.7,
Ulaanbaatar. In general, there are large seasonal

67

Current Status of PM2.5 Pollution and its Mitigation in Ulaanbaatar City of Mongolia
（a）

（b）

Tolgoit
UB02

Legend
District of Ulaanbaatar
Road
Apartment
Ger area
River
Air quality station

（c）

UB04

Legend
Legend
District of Ulaanbaatar
Road
Ger area
River
Meteorological station

PM 2.5 emission (tonne/year)
0.012 ─ 5
5 ─ 10
10 ─ 15

15 ─ 20
20 ─ 25
25 ─ 30

30 ─ 35
35 ─ 40
40 ─ 45

District of Ulaanbaatar
Road
Apartment
Ger area
River
Meteorological station

PM 2.5 (winter, AQI)
154 ─ 250
251 ─ 400

401 ─ 500
501 ─ 562

Fig. 1（a）Location of selected stations,（b）estimated PM2.5 emission distribution,（c）average air quality index for PM2.5 in winter,
Ulaanbaatar.

（a）

（b）
PM10
PM2.5
Ratio (PM2.5/PM10)
AQ5_PM10
AQ5_PM2.5

（c）
AQ5_PM10
AQ5_PM2.5

AQ5_PM10
AQ5_PM2.5
Daily average of PM10
Daily average of PM2.5
Ratio (PM2.5/PM10)

Daily average of PM10
Daily average of PM2.5

Fig. 2 PM10 and PM2.5 concentrations.（a）average in Ulaanbaatar,（b）at station UB04,（c）at station UB02.

Fig. 3 Mass concentrations of PM10 and PM2.5.

variations in the PM10 and PM2.5 concentrations. The
concentrations have been decreasing slowly in
Ulaanbaatar even though the PM 10 and PM 2.5
concentrations were 2–5 times higher, respectively, than
the daily mean national AQS in winter, resulting in the

high pollution observed in winter, during the heating
season.
The average PM2.5/PM10 ratio was 0.7 in winter. The
ratio differed between the station （Figs. 3 and 5）
depending on the season and location of the station. In
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Fig. 4 Seasonal frequency of wind direction（blue）, speed（green）and PM2.5 concentration（black）.

Fig. 5 PM2.5/PM10 ratios by wind direction and season at the three different stations.

Station）, and lowest in summer.
winter, the PM10 and PM2.5 ratios were found to be
The PM2.5/PM10 ratio showed a seasonal variation
similar with a high correlation, R2, equal to（0.69-0.92）,
which may indicate the sources are the same at each
which was higher in winter and lower in summer. This
station in winter. Annually, they differed, however, with
indicated that the particulate matter originated from
R2 being lower.
different sources（Figs. 2 and 5）. The concentrations and
ratios（Figs. 4 and 5）of PM2.5 and PM10 were influenced
We determined the relationship between the wind
regime and seasonal average concentration of PM2.5 at
by meteorological parameters, such as wind direction,
wind speed and location. The highest PM2.5/PM10 ratio
the three selected sites. The wind direction was similar at
stations UB02 and UB04. The annual average wind （0.7– 0.8）was observed in the ger area（Tolgoit Station）
in winter. This indicates that the main emission sources
speed was very low（less than 3 m/s）at all the stations.
of PM2.5 are coal-fired stoves in the ger area during the
The PM2.5 concentration depended on wind direction and
source locations. The highest concentration of PM2.5 was
heating season. In summer the ratio was lowest（0.2–
0.3）.
observed in winter, especially in the ger area（Tolgoit
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PM10
PM2.5
PM2.5/PM10

PM10
PM2.5
PM2.5/PM10

PM10
PM2.5
PM2.5/PM10

Fig. 6 Diurnal variations in PM10, PM2.5 and their ratio at stations UB02, UB04 and Tolgoit in winter.

The diurnal variations in PM10 and PM2.5 were
similar in winter. The morning peak concentrations were
observed at 11–12 a.m. at stations UB02 and UB04, 8–10
a.m. in the ger area （Tolgoit）
. Evening peaks were
observed at 7 p.m. to 2 a.m. depending on the stationʼs
location （Fig. 6）
. This was influenced by the coalburning period in the ger area（Tolgoit）
, traffic rush
hours（8–9 a.m., noon to 2 p.m., after 5 p.m.）, working
hours and distance from pollution sources.

4. Air Pollution Mitigation Policies
In Mongolia, there are a number of laws, policy
documents, programs and strategies on air pollution
reduction at the national and city level. These include
the National Program on Reduction of Air and
Environmental Pollution （Government of Mongolia,
2017）, Mongoliaʼs Sustainable Development Vision 2030
（State Great Khural of Mongolia, 2016 a）
, the Green
Development Policy（State Great Khural of Mongolia,
2014）, Mongoliaʼs Government Action Plan for 2016 –
2020（State Great Khural of Mongolia, 2016 b）, Law on
Air（State Great Khural of Mongolia, 2012）
, Law on
Reducing City Air Pollution （State Great Khural of
Mongolia, 2011） and National Air Quality Standards
（Mongolian Agency for Standardization and Metrology,
2007）.
Since 2000, the Government of Mongolia has
identified comprehensive solutions for reducing air
pollution. It has proposed a number of programs to
decrease air pollution with financial and professional
support from international organizations. These
government programs mainly focus on reducing air
pollution in the capital city by distributing air quality
measurement instruments, implementing vehicle
emission controls and bans on certain systems,
improving coal quality as well as the efficiency of
heating boilers and household stoves, and re-planning the
ger area. The governmentʼs responses have been to
remove low-pressure steam boilers, replace traditional
stoves with low-smoke stoves, increase energy sources,
promote renewable energy, increase the number of air
quality monitoring stations, introduce new public
transportation service modes, provide processed fuel to

target groups and run a campaign on reducing heat
losses, particularly in traditional houses and dwellings.
Moreover, in 2016, the Government of Mongolia
introduced a night-time electricity discount for
households in the ger areas to encourage people who
used raw coal for heating to use electric heaters（WHO
Representative Office Mongolia, 2018）.
In recent decades, 15 air quality monitoring stations
have been installed（13 automatic and three manual）in
Ulaanbaatar to measure air quality conditions.
In March 2017, the Government of Mongolian
approved the National Program on Reduction of Air and
Environmental Pollution （NPRAEP）. This program
identifies five main objectives including :
- Implementing an effective policy for urban planning,
construction and infrastructure development, and
improving the air quality and environment in urban areas
through community development ;
- Reducing pollution sources by introducing
environmentally friendly and advanced technologies,
reducing raw coal consumption and reducing pollution
substances ;
- Taking a comprehensive approach to reducing the
amount of pollutants emitted from vehicles ;
- Defining the management, coordination and financing
of air and environmental pollution mitigation activities
and creating a system to reward these activities ;
- Increasing citizen participation and accountability in
reducing environmental pollution, establishing healthy
living practices and strengthening environmental quality
monitoring and analysis.
This national program aims to decrease PM2.5
concentrations by approximately 25％（256 µg/m3 to
190 µg/m3）by 2020 and 72％（256 µg/m3 to 70 µg/m3）
by 2025 compared with the monthly average
concentration of PM2.5 in December 2016.
In February 2018, the Government of Mongolia
made the decision to ban the consumption of raw coal in
Ulaanbaatar starting from 15 May 2019, in an effort to
reduce air pollution. The decision will exclude
companies with permission to operate power stations and
thermal power plants.
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5. Conclusions
During the last several years, air pollution has
become one of the most challenging issues in
Ulaanbaatar, Mongoliaʼs capital city. Concentrations of
the main pollutants, PM10 and PM2.5, have been 2 – 5
times higher, respectively, in winter than the daily mean
national AQS. The pollution has originated from coalfired household stoves during the cold season. The
concentrations and ratio of PM2.5/PM10 are influenced by
meteorological parameters such as temperature, wind
direction, wind speed and location. The Government of
Mongolia has implemented several measures to reduce
air pollution. The main measures have been re-planning
ger areas, replacing traditional stoves with low-smoke
stoves and increasing energy sources and their efficiency.
The National Program on Reduction of Air and
Environmental Pollution（2017）aims to decrease PM2.5
concentrations by approximately 25％ by 2020 and more
than 70％ by 2025 compared with the monthly average
concentration of PM2.5 in December 2016. The main
barriers to implementation of air pollution reduction
policies and measures are the low income of residences
in the ger areas and the management, coordination and
financing of air and environmental pollution mitigation
activities.
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