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Abstract: This study sought to identify the characteristics of seasonal concentration differences of
particulate matter influenced by land cover types associated with particulate matter emission and
reductions, namely forest and urbanized regions. PM10 and PM2.5 was measured with quantitative
concentration in 2016 on 23 urban air monitoring stations in Seoul, classified the stations into 3
groups based on the ratio of urbanized and forest land covers within a range of 3km around station,
and analysed the differences in particulate matter concentration by season. The center values for
the urbanized and forest land covers by group were 53.4% and 34.6% in Group A, 61.8% and 16.5%
in Group B, and 76.3% and 6.7% in Group C. The group-specific concentration of PM10 and PM2.5
by season indicated that the concentration of Group A, with high ratio of forests, was the lowest in
all seasons, and the concentration of Group C, with high ratio of urbanized regions, had the highest
concentration from spring to autumn. These inter-group differences were statistically significant.
The concentration of Group C was lower than Group B in the winter; however, the differences
between Groups B to C in the winter were not statistically significant. Group A concentration
compared to the high-concentration groups by season was lower by 8.5%, 11.2%, 8.0%, 6.8% for
PM10 in the order of spring, summer, autumn and winter, and 3.5%, 10.0%, 4.1% and 3.3% for PM2.5.
The inter-group concentration differences for both PM10 and PM2.5 were the highest in the summer
and grew smaller in the winter, this was thought to be because the forests’ ability to reduce
particulate matter emissions was the most pronounced during the summer and the least pronounced
during the winter. The influence of urbanized areas on particulate matter concentration was lower
compared to the influence of forests. This study provided evidence that the particulate matter
concentration was lower for regions with higher ratios of forests, and subsequent studies are
required to identify the role of green space to manage particulate matter concentration in cities.
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Figure 1. Box plots of seasonal mean concentration of PM10 and PM2.5 of 23 air monitoring station in Seoul
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Table 1. Ratio of land cover types in buffer 3km around 23 air monitoring station in Seoul

Type Min Max Mean SD
Urbanized area 48.8 872 65.9 11.3
Forest 1.1 372 17.0 12,5
Grassland 12 11.8 6.0 2.9
Bare land 1.8 8.2 3.7 1.6
Others Waters 0.2 18.4 6.2 6.9
Farmland 0.0 7.2 1.1 1.9
Wetland 0.0 04 0.1 0.1
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Figure 2. Map of land cover types in buffer 3km around
23 air monitoring station in Seoul
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Table 2. Statistical comparison of PM10 concentration between 3 station groups
Season Gron PM10(ug/m’) | Kruskal-Wallis Paired Comparison®
v Mean+SD He A-B A-C B-C
A 56.8422.5
. H=172.501 7=-8.988 7=-12.995 7=3.554
Spring B 6052231 p<0.001 p<0.001 p<0.001 p<0.001
C 62.1423.7
A 35.0+13.8
H=235.427 7=-11973 7=-14.603 7=2.909
Summer B 385+144 p<0.001 p<0.001 p<0.001 p=0.004
C 39.4+14.8
A 40.4£18.0
H=200.356 =9.171 =-14.180 7=4.215
-+
Autumn B 43.0+18.6 p<0.001 p<0.001 <0001 p<0.001
C 43.9+18.5
A 45.5£15.0
. H=137.873 =-10.432 =-10.260 7=2.124
Winter B 48.8£16.2 p<0.001 p<0.001 p<0.001 p=0.034
C 48.1£15.4
a: Statistical analysis was performed with standardized data of daily PM concentration of 23 station. The data was tested for normality
sing a Kolomogorov-Smirnov Test
b: Statistical analysis was performed using Mann-Whitney U Test and o= 0.017 adjusted by Bonferroni correction method
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Table 3. Statistical comparison of PM2.5 concentration between 3 station groups

Season Grom PM2.5(ug/m’) | Kruskal-Wallis Paired Comparison®
P Mean+SD He A-B AC B-C
A 29.9+14.4
. H=61.732 7=3.653 7=7713 7=4.160
Spring B 3024136 p<0.001 p<0.001 p<0.001 p<0.001
C 31.0£13.9
A 22.5410.0
H=245.544 ~6414 =15.805 7=9.772
Summer B 23.5+10.0 p<0.001 p<0.001 p<0.001
C 25.0410.4
A 233118
H=43417 7=3.175 7--6.932 7=2514
Autumn B 2394118 p<0.001 <0001 p<0.001 p=0.012
C 243116
A 26.1+10.7
. H=18.751 7=3.097 7-4333 7-0.633
Winter B 2705112 p<0.001 p=0.001 p<0.001 p=0.527
c 26.8£10.9

a: Statistical analysis was performed with standardized data of daily PM concentration of 23 station. The data was tested for normality
using a Kolomogorov-Smirnov Test
b: Statistical analysis was performed using Mann-Whitney U Test and o= 0.017 adjusted by Bonferroni correction method

SOSHATHEO.000), Y THL Holo] T EH4 Fu| EANS vl fof ubet oA S
Mann—Whitney U Test 23} A3 Group B-C } 2eix= Aoz dotE gl

of Aol & A|eJet B A A5 #4 Fo¥E Al 57t 5 #Folofl thgt Kruskal—Wallis Test
o] Bonferroni W o g A% S92 0.0175c} A1 RE Ao I8 B afol7t BEAZCR
wro} 7 Z157t Apolof thek SAIA fo/de] A o5t it (p<0.001). 7N ZLEZE Apolof digt
= ot st AMY HlEo] %2 Group A9 Mann—Whitney U Test 2% 723 Group B-C
PMI0 sk 2= AHAA Group B, CEE E4| o] po] & A efet ®E AA Y| IE 24 o2E
Ao QolatA Wktt Al7FEA Ho) 7H A o] Bonferroni & ZA% §9]442 0.017Rc}
Group Ci= A4 Group BEth ¥3teyt 71 2 wol 71 Z157k Zpolof| ek FAI4 F-2/do] Q1
ol sAACE FY5kA] ¢hotaL(p=0.034), YA =)ot ol4ke] SAEA Aute PMI0O Zatel 78k

N

Ao A Group A, BEU £-2]81A =31t o] frAlatGltt. AFE Hl&o] =2 Group A+ 2E
PM2,5¢] thsto] AAE T5E B+t w15 Adel A PM2.5 %7} Group B, CEt} SAH S
b sEAolof gt FAEA dats AAsHit 2 FostA 2okt A7EEA A9 BEo] w2
(Table 3), EAEAL PM10Y} HYst WAl o g2 4] Group C= A&E4 Group BETE Wekon; 1 2}
Alstsitt, ol TAR SR FofstA] (FkaL(p=0.527), YA
ARE 158 PM2.5 it $%= Group A §%=  AEO|A Group A, BETE #2351 %34Tt
7} A A-o A 7HAF @ekal, Group B, Group C & o|AFe] B AN} ALY vH]go] o I8 =l
O 7 Fe7t F7¥sto], Group CY w%=7F 7H8 =% WAL AZISA| S HlEo] & TOFY Fre w2 1L
o, ©, PM2.5oA %= A&E Group B s&=7t 1w SAA ool dsE e 1y
Group CE} =8Itk Group A9 s=& AAE 1 a1t Fe Aol o] AAEA S & ol W] A
e 159 & tH &=, 95, 7t AS 47 HE 1A} g%g}&] UW]UV] e 8 A

3.5%, 10.0%, 4.1%, 3.3% %2 4=2]0]3lt}. PMI10 H I8 gy a#xE 24 s ch(Figure
I up7 A 2 v A A] &I A7l S F 4), PM10¢] :l%t‘* v A AEAA Group A9



642 2FFFYL 27 Hes

¢-Group A -+ GroupB ¢ Group C
0.4000
L 2 * *

0.2000 *
o
= L
.9 0.0000 * .
=
=
5 -0.2000
v
=
$ -0.4000 - @
N o
-0.6000 ®
-0.8000
Spr Sum Aut Win
(a) PM10

+-Group A - Group B - Group C
0.6000

0.4000

Figure 4. Comparison of seasonal mean standardized PM concentration by group

==7} Group B, CHEt} & 2}o] &2 kil Group B
o} ozte) Aol kL), AR e 187 FE
Apol= ofFHol 7H 21, AZEe 7H Ak
2T 7190 18T 55 Aol §418
PM2.59] T8 sk 4 A-AA Group A
%7} Group B, CHEoh Wk, AAYE 187 =&
Apolte ofFAo zpol7} 7H A1, A Hof 7H
Kol PMIOT} fARet A Ueppgich,
oleiet 1E 5 ARl ABA ol 244
T Ex|uj&o| ko] Al walof wet o Fo &
et AL huA F4st] geo R e
m;} o2 A U] £Eo] olo] HHE|A Yo s
Hal7te Ao s oz Az W Yin et
al. (2011)01 TEAEHE o2 3 AtollA] AA
7 i} o] o2 Aol 420 o) o] SHEo]
BAE A 8] A7 50 e tE] 187t
A7t AL, ALl Hde do] gEtEof A
B9] A7)l oFstE7] ool 51 ARE A
obAlE Aoz BeErh,
EZH AR AR 3 Y] Hlgof T dEE AT R
7| it 259 49 5 S5 ) 3

Fo)7] mz 743 Oﬂ =4

0] ol 9 e}

rE o
-

ot
1o
ox
o:l
—(11

3
& 02000
g - @ @
S 3
€ 0.0000 P
[J]
: . .
-0.2000
8 . .
N _0.4000
¢
-0.6000
Spr Sum Aut Win
(b) PM2.5
W B d-ls d forest m Coni forest W Mixed forest

e L. o

Group A GroupB Group C

Figure 5. Area ratio of detailed forest land cover types by

4 M7 ¢ oH PM10, PM2 5.4 :LE—W o )
£35S 122 Yepflek(Figure 6). PM102¢

M2.5 HjE&%2 25 15 C7F 7Hd Bal, B, A¢
07 ZHaste] A7FEHA o Hlgo| =& T1FoIA Hl
S Wt el B2 11F Ce vAIHA &
E7b E3, e A2 OF AY whe W gE
of 15 5= Aol= A7 Y WA D §A 10

g8l v Eake] kS Wkt

Iy PM2.5 FEol gt o] wiE 7| =g
Bk Aol A A wiEske] 71 =g oF 40% 4
TOZ A St o, 53] A9 AHA| viZo] ¢
Sk 7] EE 19%2 $743t vl QTHNIER 2017b), 1
919 7]9&-2 9] AAL ool o3t §4, =i

O

g



ZHE - 25 - gl -

M/ MEA EXTI=0I T2 HAZEE DM S X10| 24 643

ka/yr kg/yr
500,000 200,000
400,000 160,000
300,000 120,000
200,000 80,000
100,000 40,000
Group A Group B Group C Group A Group B Group €
uPM10 PM2.5
(a) PM10 (b) PM2.5
Figure 6. Annual sum of PM10, PM2.5 emissions by group
OPM10 O PM25 OPM10 OPM25
200
2% y=-0.03x+0.56  y=-0.01x+0.19 0 y=0.02x-1.42 y=0.01x-0.78
R2= 0.296 R2= 0.043 R2= 0.105 0 R2= 0.039
100[ . o — 100 5 e
€ 00| oFf R g o ° € 00 o .
g @ g b O P 1§ g _— °
H e ¥ - -~ 5 © ° o
N 1 o "o =
N .1.00 o 5 N 100 A 2
200 200
00 10.00 2000 3000 40.00 4000 5000 60.00 7000 80.00 90.00
Forest ratio Urban ratio
(a) Forest (b) Urbanized area

Figure 7. Comparison of relationships between land cover (forest, urbanized area) ratio and particulate matter (PM10,

PM2.5) concentration in spring
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