
ABSTRACT The Center for Air Quality & Control at the Seoul Research Institute of 
Public Health and the Environment (SIHE) has monitored changes in the concentration of 
fine dust in Seoul over the past 10 years and investigated meteorological factors as well 
as fine particulate matter (PM2.5), sulfur dioxide (SO2), and nitrogen dioxide (NO2) concen-
trations in northeastern China and its contribution to the PM2.5 concentration in Seoul. 
The concentration of fine dust in Seoul in 2020 was 21 µg/m3, which is down 16% from 
2019 and the lowest since 2010. In 2020, China’s emissions of pollutants such as NO2 
have decreased significantly due to regional blockades, social distancing, and factory 
shutdowns caused by COVID-19. As a results, the concentration of precursors such as SO2 
and NO2, and PM2.5 in northeastern China are also decreased, which contributed to the 
reduction in PM2.5 concentration in Seoul caused by westerly winds blowing. In addition, 
the ratio of east and south winds that usually contain low concentrations of pollutants 
was more than 30% of the total air currents into Seoul, which is the highest in the last 
three years. Moreover, the mean wind velocity and the amount of precipitation were also 
the highest recorded values of 2.4 m/s and 1651.0 mm, respectively. Calculations using 
Comprehensive Air quality Model with eXtensions (CAMx)-Particulate Source Apportion-
ment Technology (PSAT) show that the contribution of external inflows to the PM2.5 con-
centration in Seoul was 65%. We believe that the reasons for the low PM2.5 concentration 
in 2020 are due to meteorological factors and a decrease in air pollution in northeastern 
China. Meanwhile, the major contribution of emissions in Seoul (resuspended road dust 
and non-exhaust dust) was high. When the concentration of PM2.5 was high, the contri-
bution of resuspended road dust was reduced due to an increase of secondary generat-
ing materials. Currently, data on emission reduction due to the COVID-19 cannot be 
assessed, which we believe will enable more accurate contribution calculations in the 
future.

KEY WORDS   PM2.5, Seoul, Contribution, CAMx, Meteorological factors

1. INTRODUCTION

Industrialization and economic growth in the 20th century have resulted in 
urbanization and increased air pollution emission that not only damages indivi
duals’ health but also causes many social and economic problems. Air pollution has 
become one of the most important challenges in many metropolitan areas around 
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the world, including Seoul. In response, the city of Seoul 
provides realtime air quality data obtained from air pol
lution monitoring network and operates an air pollution 
warning system to reduce citizen’s exposure to harmful 
substances. At the national level, a special Act on the Imp
rovement of Air Quality in the Seoul metropolitan area  
was implemented to reduce air pollution in the metro
politan area. In addition, efforts are continually being 
made to improve the air quality by enacting the ‘Com
prehensive Plan on Fine Dust’ and ‘Special Act on the 
Reduction and Management of Fine Dust’. As a result, 
the concentrations of primary air pollutants such as total 
suspended particles (TSP), nitrogen dioxide (NO2), sul
fur dioxide (SO2), and carbon monoxide (CO) have 
clearly been reduced, which has confirmed the effective
ness of the reduction policies (Kim et al., 2018; MOE, 
2013). Although the annual average concentration of fine 
particulate matter (PM2.5) in Seoul, which was around  
30 µg/m3 in the early 2000s, has decreased to around 25 

µg/m3, it has been shown only small changes each year 
from 2010 to 2019 suggesting it is not easy to reduce it 
any further.

Among the air pollutants, PM2.5 is an irregular particle 
substance with a diameter of 2.5 µm or less that can pene  
trate cell tissues and blood vessels and cause inflammation 
or serious illness. It is also known that there is a high risk 
to human health because other harmful substances such as 
organic compounds and heavy metals can be absor  bed 
and become concentrated in the tissues (Lee et al., 2017; 
Leem et al., 1998). To minimize the damage caused by 
PM2.5 and prepare countermeasures, it is necessary iden
tify the current status of PM2.5 concentration and analyze 
the factors that affect it.

High concentrations of air pollutants in a specific area 
are affected by their emission sources, air inflow and out
flow from the boundary areas, the secondary generation 
and extinction due to the photochemical reactions, atmo  
spheric depression and redistribution, etc. (Huang et al., 
2014). Therefore, weather conditions that can cause phys
ical and chemical changes in the atmosphere are the most 
important factors in determining the concentrations of air 
pollutants. Moreover, it is essential to take into account  
changes in the weather conditions to understand why  
the PM2.5 concentration changes (Dawson et al., 2014). 
Accor ding to many prior studies on the effects of weather 
on the PM2.5 concentration, low wind speed, high humi
dity, a low atmospheric boundary layer, and low amounts 
of precipitation contribute to a rise of PM2.5 concentra

tion (RoldanHenao et al., 2020; Yoo et al., 2020; Xu et al., 
2018; Xu et al., 2015).

In air quality research, not only observational data analy  
sis but also research through modeling is actively under
way. Through meteorological and back trajectory models, 
potential emission areas that affect the air quality concen
tration in a particular area can be estimated, and atmo
spheric diffusion models such as the Community Multi
scale Air Quality Modeling System (CMAQ) and Com
prehensive Air Quality Model with eXtensions (CAMx) 
can be utilized to evaluate the diffusion and concentra
tion of air pollutants ( Ju et al., 2018; Kim et al., 2017). In 
addition, to evaluate the effect of improving air quality 
and human risk through emission reduction, it is nece s 
sary to apply air quality modeling along with observation
al data. In line with this trend, the Air Quality Analysis & 
Control Center at the Seoul Research Institute of Public 
Health and the Environment (SIHE) established an air 
quality evaluation system to analyze and evaluate the air 
quality of Seoul in 2019 that has been officially operating 
since May 2020.

In this study, the status of the air quality and weather 
conditions in Seoul in 2020 was examined and a contri
bution analysis was conducted using back trajectory 
model and photochemical models of air quality diagnos
tic evaluation system. At the same time, China’s air quality 
and satellite data were used to examine trends in the con
centration of air pollutants around the Korean Peninsula, 
which can affect the PM2.5 concentration, in Seoul.

2. DATA

2. 1  Weather and Air Pollution Data
To understand the weather conditions in Seoul, wea

ther data such as wind direction, wind speed, tempera
ture, and precipitation observed at the Automatic Synop
tic Observation System (ASOS) from 2010 to 2020 were 
collected. Precipitation days are days when the sum of the 
daily precipitation was more than 0.1 mm and stagnation 
days are days when the daily average wind speed was less 
than 2 m/s. The daily wind direction was classified as 
when the wind blew mainly to the north (320° to 50°), 
east (50° to 140°), south (140° to 230°), and west (230° 
to 320°) on any given day.

Currently, the city of Seoul operates 25 urban air quality  
monitoring stations (one station per district) that auto
matically measure air pollutants such as coarse dust, fine 
dust, ozone (O3), SO2, CO, and NO2. The hourly air pol
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lution data measured at the 25 monitoring stations are 
managed by SIHE and open to the public through web
sites (https://cleanair.seoul.go.kr, https://www.airkorea.
or.kr). Detailed information on the 25 urban air quality 
monitoring stations of Seoul can be found on the web
sites. In this study, we used PM2.5, NO2, SO2 data mea
sured at the 25 stations for the past 10 years from 2010 to 
2020 were collected along with meteorological data to  
analyze the air quality in Seoul. In addition, air quality 
data provided by the China National Environmental 
Monitoring Center (CNEMC), an affiliate of the Mini
stry of Environmental Protection of the People’s Repub
lic of China, was used to investigate air pollutant concen
trations in China from 2017 to 2020.

2. 2  Satellite NO2 Data
A TROPOspheric Monitoring Instrument (TROPOMI;  

Veefkind et al., 2012) is a sensor mounted on the Euro
pean Copernicus Sentinel5 Precursor (S5P) satellite 
laun ched in October 2017. TROPOMI observes over 
the wavelength range of 2702385 nm, including ultra
violet, visible, and shortwavelength infrared regions, to 
provide information on various air pollutants such as O3, 
NO2, SO2, formaldehyde, aerosols, etc. The advantage is 
that it enables detailed urbanscale pollution level analysis 
with a spatial resolution of 7 × 3.5 km2, which is super  
ior to preexisting similar satellite sensors.

The tropospheric NO2 vertical column density (VCD) 
data measured by TROPOMI used in this study were 
obtained from monthly averaged data from the Tropo
spheric Emission Monitoring Internet Service (TEMIS) 
operated by the Royal Netherlands Meteorological Insti
tute (KNMI). For more information on TROPOMI NO2 
data, see van Geffen et al. (2019), and the data can be 
found at http://temis.nl/airpollution/no2col/no2month 
_tropomi.php.

2. 3  Trajectory Clustering
Air masses are useful data for estimating potential 

sources of air pollutants. In this study, data from the Uni
ted States Environmental Protection Agency’s HYbrid 
SingleParticle Lagrangian Integrated Trajectory Model 

(HYSPLIT; Draxler et al., 2012) was utilized. The met
eorological field used in the HYSPLIT model comprises  
reanalysis data with a spatial resolution of 2.5° × 2.5° pro
vided by the National Centers for Environmental Predic
tion/National Center for Atmospheric Research (NCEP/ 
NCAR).

96 hours back trajectory modeling was performed at 
threehour intervals at 500 m above the Seoul area and 
cluster classification was performed through Euclidean 
distance analysis of the trajectory; this is a method that 
calculates the distance between two trajectories and clas
sifies them into several clusters with similar characteris
tics (Sirois and Bottenheim, 1995).

2. 4  Air Quality Modeling System
In this study, the influence of each region and emission 

source on the PM2.5 concentration in Seoul was analy   
zed using the Comprehensive Air quality Model with 
eXt ensions (CAMx), which is a threedimensional photo  
che mi cal air quality model, and PSAT (Dunker et al.,  
2002), which is a tool for analyzing the contribution of 
the model.

To prepare meteorological input data for air quality sim
ulation, a weather research and forecasting (WRF, Skama
rock and Klemp, 2008) model was created with the Nat
ional Centers for Environmental PredictionFinal (NCEP
FNL) as the base site. The input data for domestic and 
foreign anthropogenic emissions were prepared using the 
Sparse Matrix Operation Kernel Emission (SMOKE;  
Benjey et al., 2001) model based on Clean Air Policy 
Supporting System (CAPSS) 2015 provided by the Nat
ional Institute of Environmental Research (NIER) and 
Work Plans for Model InterComparison Study  Asia 
Phase III (MICSAsia; Li et al., 2017). The simulation 
analysis period was from May to December 2020 and 
twoway grid nesting was conducted with a grid resolu
tion of 27 km for East Asia, 9 km for the Korean Penin
sula, and 3 km and 1 km for Seoul.

2. 5  PM2.5 Contribution Rate Analysis
When performing the CAMxPSAT, the emission areas 

were classified into Seoul, Incheon, Gyeonggido, Chung
nam, other domestic areas, and overseas areas such as 
China; the impact of each area on the air quality in Seoul 
was calculated. In addition, Seoul’s emissions were reclas
sified at the level of CAPSS’s source classifi cation code 

(SCC) division to understand the impact of Seoul’s emis
sions according to the source. The emission sources were 
classified as Nonindustrial, Energy transport and sto
rage, Solvent use, and Others from the 13 major catego
ries of SCC emission. Emissions were grouped into non
combustion, and emission sectors were classified into 
road transport, nonroad transport, fugitive dust, bio
mass burning, agriculture, and industry (energy produc
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tion, manufacturing industry, industrial processes, and 
waste management).

3. RESULTS AND DISCUSSION

3. 1  Air Quality Status in 2020
From 2010 to 2019, the average annual concentration 

of PM2.5 in Seoul was 2326 µg/m3, with only small 
changes each year. In 2020, the PM2.5 concentration in 
Seoul was 21 µg/m3, a 16% (4 µg/m3) decrease compared 
to the previous year (25 µg/m3) and the lowest level since 
observations began (Fig. 1).

According to the average monthly fine dust concentra
tion observed at the 25 urban air quality monitoring net
works in Seoul, it is high in winter and spring and low in 
summer and autumn. This monthly change was largely 
influenced by foreign pollution via west winds, as well as 
the amount of fuel used for heating in winter and spring. 
On the other hand, the increasing precipitation and 
atmospheric diffusion in summer and autumn lower the 
PM2.5 concentration. As shown in Fig. 2, the lowest and 
highest PM2.5 concentrations in the monthly average 

data in 2020 were 11 µg/m3 in September and 29 µg/m3 
in January, respectively.

A comparison of the average monthly PM2.5 concentra
tions for 2020 with the average values observed over the 
past 10 years from 2010 to 2019 revealed a decrease over 
the entire period, excluding November and December. In 
particular, the average monthly concentration decrease 
from March to September was significant, while Novem
ber and December showed the same values.

Table 1 reports the monthly average concentrations of 
SO2 and NO2 in Seoul in 2020. The SO2 concentration 
was maintained at around 0.003 ppm throughout the year 
and showed no significant change, while the NO2 con
centrations tended to be similar to the PM2.5 concentra
tions but were higher in winter.

3. 2  Weather Status in 2020
The total annual rainfall in Seoul in 2020 was 1651.0 

mm, which is higher than the 10year average and the 
highest in the past three years. Meanwhile, the annual 
average temperature was 13.2°C, which is higher than 
the average for the past 10 years, and the wind speed was 
2.4 m/s, which is the highest in the past three years. In 

Fig. 2. Average monthly PM2.5 concentration in 2020 (line) and anomalies compared with the observed average values over the last 10 
years from 2010 to 2019 (bars).
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Fig. 1. PM2.5 annual concentration trend in Seoul from 2010 to 2020.
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Table 1. Monthly average SO2 and NO2 concentrations in Seoul in 2020.  (unit: ppm)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

SO2 0.004 0.003 0.003 0.003 0.003 0.003 0.002 0.003 0.003 0.003 0.003 0.003
NO2 0.034 0.032 0.027 0.021 0.020 0.019 0.016 0.014 0.016 0.025 0.030 0.032

Fig. 3. Monthly weather conditions for 2020 and compared to the average over the last 10 years.
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addition, the number of stagnation days when the daily 
average wind speed was less than 2 m/s was 117 days, 
which is the lowest value in the last three years. The 
number of east wind days in 2020 was the highest com
pared to 2018 and 2019 in terms of the number of days 
of the main wind direction.

The monthly weather data for Seoul in 2020 were 
compared with the average for the last 10 years. In 2020, 
Seoul showed higher temperatures in JanuaryMarch 
than in the last decade, and temperatures were relatively 
low in April, May, and JulyOctober. Relative humidity 
was generally higher than the average of the last 10 years 
except for March and April. The average wind speed was 
weak from January to March while relatively strong in 
September. Precipitation was the highest in August and 
was very high compared to the average over the past 
decade. Among these monthly average weather factors, 
high relative humidity is thought to be due to heavy pre
cipitation. In addition, some studies have shown that 
PM2.5 concentrations are rather reduced at higher relative 
humidity (daily average) of more than 80% due to such 
precipitation (Yoo et al., 2020). The contribution to vari
ations in PM2.5 concentrations of precipitation and rela
tive humidity is difficult to assess. Besides, it is difficult to 
directly compare PM2.5 concentrations with monthly 
mean RH, as shown in the study (Zhang et al., 2017) that 
the average relative humidity was observed to have a less 
impact on the rise of PM2.5 concentration compared to 
the fluctuation in RH. Therefore, changes in PM2.5 con
centrations and correlations with weather factors need to 
be studied in more detail in the future. Comprehensively, 
it seems that in 2020, weather conditions such as a large 
amount of precipitation, strong wind speeds, and increa
sed east and south winds were favorable conditions for 
reducing the PM2.5 concentration.

3. 3  Trajectory Clustering
From January to December 2020, the results of 96 

hour back trajectory modeling on the air mass above 500 

m in Seoul were classified into five clusters (C1C5) 
through the Euclidean distance analysis (Fig. 4). The 
geographical position of Korea means that it is in the path 
of the westerlies, and so 70.1% of the air currents flowing 
into Seoul originate from the northwest of the Korean 
Peninsula. Air currents occurring in the northwest region 
are clusters C1, C2, and C3 at rates of 29.5%, 13.3%, and 
27.3%, respectively. C1 flows into Seoul from Lake Baikal 
in Siberia through Liaodong in China, and C2 from the 
Ural Mountains through Liaodong in Mongolia. C1 and 
C2 allow longdistance movement at strong wind speeds 

Table 2. Mean annual weather data for the last 3 and 10 years (2010 to 2019).

Annual 
average

Wind speed
(m/s) 

Temperature
(°C) 

Rainfall
(mm)

Precipitation
(days)

Stagnation
(days) 

Daily predominant wind direction (%)

North East South West

2020 2.4 13.2 1651.0 106 117 8.2 28.3 6.8 56.7
2019 2.0 13.5 891.0 98 208 18.9 21.1 4.4 55.6
2018 1.7 12.9 1284.0 104 266 11.0 26.8 3.0 59.2

10year 
mean 2.4 12.9 1313.5 110.1 119.3 8.3 29.6 2.8 59.3

Stagnation: days when the average daily wind speed was less than 2 m/s. Precipitation: days when the daily precipitation was 0.1 mm or more. 315≤North wind 
series <45, 45≤East wind series<135, 135≤South wind series<225, 225≤West wind series<315.

Fig. 4. Cluster analysis of the back trajectories calculated for Seoul 
in 2020 and showing the mean trajectory for each cluster.
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when the Siberian high pressure expands in spring and 
winter. C3 enters Seoul via the West Sea from the Liao
dong region of China, and it appears to be under the 
influence of slowmoving high pressure that is only a 
short distance away from the air mass for 96 hours. C5 is 
an air current originating in the North Pacific and occurs 
mainly in summer. However, C4 occurs steadily without 
showing a distinct pattern for each season due to the 
influence of low pressure in the East Sea and high pre
ssure moving in the northern part of the Korean Penin
sula. By analyzing the clusters except for C4 in Fig. 5, the 
difference in the passage area of the air mass according to 
the seasons could be confirmed. These results are related 
to seasonal synoptic patterns in Korea and are similar to 
the cluster classification of Song et al. (2017).

The average concentration of PM2.5 per cluster was the 
highest at 26.4 µg/m3 in C2, followed by C1 (22.0 µg/m3) 
and C3 (21.4 µg/m3). It means that the average concen
tration was high when it originated in the western part of 
the Korean Peninsula, where there are emission sources 
from China and Mongolia. On the other hand, the aver

age concentrations of PM2.5 in C4 and C5 ori ginating in 
marine areas without emission sources were 15.9 µg/m3 
and 16.6 µg/m3, respectively, which were rela tively lower 
than those of C1C3 where emission sources exist.

These results indirectly confirm the impact of the move 
 ment process of the air current entering Seoul and the dis
charge effect of the passing area. Fig. 6 shows the results 
of a seasonal frequency analysis of back trajectory air cur
rents, which are similar to the cluster analysis results. In 
spring and winter, the inflow frequency was high from the 
western part of the Korean Peninsula, the southern part 
in summer, and the northwest and east in autumn.

3. 4   Seoul PM2.5 Contribution Rate by  
Region and Source

Using the CAMxPSAT data, the domestic and foreign 
contribution rates to Seoul’s PM2.5 concentration were 
analyzed by dividing the number of days below and 
exceeding the daily average concentration (50 µg/m3) 
from May to December 2020. When the daily average 
PM2.5 concentration was less than 50 µg/m3, the selfcon
tribution rate for Seoul was 26% and the influences of 
other cities and provinces were 11% and 23%, respec
tively. Therefore, the total domestic contribution rate was 
44% and the overseas contribution rate is 56%. On the 
other hand, when the daily average PM2.5 concentration 
exceeded 50 µg/m3, the domestic contribution rate was 
35% and the overseas contribution rate was 65%, indicat
ing that the influence of foreign inflow is significant. 
However, the average concentrations for days below and 
above the daily average concentration (50 µg/m3) were 
18 µg/m3 and 59 µg/m3, respectively, which constitutes a 
wide range. In the case of high PM2.5 concentration days, 
the domestic selfcontribution rate decreased whereas the 

Fig. 5. Temporal variation in threedaily PM2.5 concentration in 
Seoul according to the contribution from each cluster.
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absolute amount of PM2.5 increased. Therefore, efforts to 
reduce domestic emissions are also deemed necessary to 
improve air quality at high concentrations (Fig. 7).

Fig. 8 shows the result for contribution by region and 
emission source to the PM2.5 concentration of 18 µg/m3 
from May to December 2020. The selfcontribution rate 
was 25%, and the contribution rates by emission sour ces  
were determined. During the analysis period, fugitive dust 

(27%), noncombustion (26%), road transport (22%),  
nonroad transport (16%), biomass burning (5%), and 
agriculture (4%), in that order, with the contribution rate 
from industrial processes being very slight. However, 
when the average daily PM2.5 concentration exceeded 50 

µg/m3, the contribution rate of noncombustion increa
sed by more than 10% due to an increase in secondary 
generating materials, and the contribution rate of fugitive 
dust and nonroad transport decreased. The main sources  
of emissions classified as noncombustion are residen  

tial and commercial facility boilers and organic solvents. 
The results of a detailed monitoring analysis study for 
PM2.5 in Seoul (SI, 2019) conducted in 2018 attained 
similar results as follows: road transport (26%), nonroad 
transport (18%), fugitive dust (22%), biomass combus
tion (3%), and point sources and other regional sources 

(31%).
There may be some limitations in this study concerning 

the period for the analysis. Perhaps we did not reflect the 
recent emission reduction policies very well, especially 
the rapid change in emissions caused by the COVID19 
pandemic. In the future, we expect that further improve
ment in the results for PM2.5 contributions in Seoul can 
be achieved by using a selfcontribution evaluation mod
eling system along with the updated emissions data.

3. 5  Air Quality Changes in China
As Korea is located downwind of the westerlies blow

Fig. 7. Contribution by region to PM2.5 concentration in Seoul from May to Dec 2020.

Daily mean
≤50 µg/m3

Daily mean
>50 µg/m3

Fig. 8. Contribution rate of PM2.5 by source in Seoul.
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ing in from China, it is affected by China’s emissions (Lee 
et al., 2014). Therefore, the Ministry of Environment ana
lyzed the contribution of each country along with China 
and Japan (NIER, 2019). In this study, the PM2.5 concen
tration in China in 2020 was analyzed overall and by 
region: Beijing, Tianjin, Hebei, Shandong, and Liaoning. 
In addition, the concentrations of NO2 and SO2, which 
are major precursors of PM2.5 that produce ammonium 
nitrate (NH4NO3) and ammonium sulfate ((NH4)2SO4), 
respectively, were reviewed together.

As shown in Fig. 9, the monthly PM2.5 concentration 

(line) in China increased from autumn to winter in 2020, 
but in the case of Beijing, Tianjin, and Hebei (BTH) 
regions, concentrations in November and December dec
reased slightly compared to October. We consider that 
the increases in SO2 and NO2 concentrations in Novem

ber and December in these regions were not significant. 
The rate of change in PM2.5 concentration (bars) was the 
greatest in February and March compared to the last 
three years (20172019). Because of COVID19 pande 
mic, the strong lockdown policy implemented in early 
2020, and there was sharp drop of pollutants emission  

(Zhang et al., 2021; Feng et al., 2020). And then, there 
have been some fluctuations after March, the BTH regi
ons have seen relatively high concentration decreases in 
September, November, and December.

The SO2 concentration in 2020 generally showed a sig
nificant decrease compared to the last three years, and 
the SO2 concentration in February showed a 5062% 
decrease compared to the last three years. By season, the 
pattern was similar to the change in PM2.5 concentration 
and increased in winter. The concentration in the Liaon

Fig. 9. Monthly PM2.5, NO2, and SO2 concentrations in 2020 (line) and the anomalies compared to the average for the past three years 

(bars).
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ing region was higher than in the others throughout the 
year, especially in the late autumn to winter when heating 
is switched on. This is around twice that of the BTH 
regions where sanctions on solid fossil fuel use are rela
tively strong. We anticipate that heating and industrial 
activities using flaming coal are still active in the Liaoning 
region caused this change in SO2 concentration.

On the other hand, the concentration change was rela
tively small for NO2. The concentration of NO2 in Febru
ary 2020 decreased by 30% to 46% compared to the aver
age concentration in February for the last three years, 
which we also believe to be due to regional block ades. 
However, after June, NO2 concentrations in regions other 
than BTH recovered and the rate of change dec reased to 
around 10%, which is not significantly differ ent from the 
average concentrations over the past three years.

3. 6   NO2 Concentration Changes in Northeast Asia
Fig. 10 shows the tropospheric NO2 vertical column 

concentrations in the Northeast Asia region observed by 
TROPOMI in 2019 and 2020. The overall NO2 distribu
tion has not changed significantly, and it has decrea sed 
somewhat around the metropolitan area in Korea and 
China in 2020. However, early 2020 ( JanuaryMarch) 
represents a clear pattern of declining NO2 concentrations 
in China compared to 2019 when containment mea 
sures began due to the COVID19 pandemic. Comparing 
the average values from January to March with high emis
sions and high pollution in central China (3040N, 110
120E), the NO2 reduction rate in 2020 was much higher 
at 38.3% compared to 2019. Given that the variability in 
NO2 emissions is in good agreement with changes in the 
vertical column concentration of NO2 obser ved from  
satellites (Foy et al., 2016), this great change observed by 
TROPOMI implies that China’s NO2 emissions have sig
nificantly decreased as socioeconomic activities have 
been restricted due to the COVID19 pandemic.

Fig. 10. Changes in tropospheric NO2 concentration observed by TROPOMI.
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4. SUMMARY AND CONCLUSIONS

To evaluate the PM2.5 concentration in Seoul in 2020, 
the trend of the last 10 years from 2011 to 2020 and the 
current status of PM2.5 concentration were examined. 
For a more accurate analysis, changes in emissions and 
air pollution trends around the Korean Peninsula, which 
can affect the PM2.5 concentration in Seoul, were exam
ined using satellite observations of air quality in China. 
In addition, the selfcontribution of Seoul to the PM2.5 
concentration was evaluated using back trajectory mod
eling and atmospheric diffusion modeling.

From the results, the concentration of PM2.5 in Seoul 
has shown a longterm decreasing trend; it has recently 
dropped to around 25 µg/m3 and has been as low as 21 

µg/m3, which is the lowest record in 2020. We believe 
that this is due to the favorable weather conditions for 
reducing the PM2.5 concentration, as well as a reduction 
of particleforming precursors in China, and decrease of 
energy consumption in Korea (KEEI, 2021) because of 
COVID19.

For a cluster analysis in the back trajectory modeling, 
the air current entering Seoul was classified into 5 clus
ters according to seasonal characteristics. In spring and 
winter, when the concentration of PM2.5 is frequently 
high, air currents originate from the west of the Korean 
Peninsula (C1 + C2 + C3 = 70.1%). On the other hand, 
in the summer when the PM2.5 concentration is usually 
low, the air currents originating from the North Pacific 
Ocean were strong.

From the analysis of the contribution rate of PM2.5 in 
Seoul using CAMxPSAT data from May to December 
2020, the domestic selfcontribution rate is 44% (26% in 
Seoul, 11% in Gyeonggido, and 23% from other cities), 
and the overseas contribution rate was 56% when the 
daily average concentration was less than 50 µg/m3, and 
when the average daily PM2.5 concentration exceeded 
this, the domestic contribution rate was 35% and the 
over seas contribution rate was 65%, which shows an inc
reased contribution by foreign inflows.

As for the contribution by emission source, fugitive 
dust showed the highest contribution rate of 27%, fol
lowed by noncombustion (26%), road transport (22%), 
and nonroad transport (16%). However, we did not 
reflect the drastic changes in emissions caused by the 
COVID19 pandemic, and research is already underway 
to consider its impact, which will be reported on in the 
future.

According to satellite observations of air quality in 
China, the amounts of SO2 and NO2

 (precursors of 
PM2.5) around the Korean Peninsula decreased signifi
cantly by 50% and 30%, respectively, from February to 
March. We believe that they were affected by the overall 
social situation caused by the COVID19 pandemic. 
Even though we did not include carbon matter, which is 
another major component of PM2.5, in the analysis, we 
still suggest that decreases in the concentrations of SO2 
and NO2 significantly influenced the PM2.5 concentra
tion in China, reflected by a 1040% decrease in PM2.5 
concentration in February and March, depending on the 
region. In the case of Seoul, the PM2.5 decline began to 
be noticeable from March, and after the rainy season, 
PM2.5 began to increase again from October. Changes in 
NO2 concentration also follow the same trend, although 
it showed little change throughout the year. Meanwhile, 
this period coincides with the period when PM2.5, SO2, 
and NO2 concentrations began to increase again in the 
BTH, Shandong, and Liaoning regions in China. There
fore, the overseas contribution rate to the PM2.5 concen
tration in Seoul increased from 56% to 65%, which is 
considered to have partially influenced the Korean PM2.5 
concentration along with the northwest wind according 
to the season.
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