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An Analysis of the Correlation between Seoul’s Monthly Particulate
Matter Concentrations and Surrounding Land Cover Categories
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Abstract: The present study aims to identify the effect of land cover categories on particulate matter
(PM) concentrations by analyzing the correlation between monthly PM concentrations in Seoul’s air
quality monitoring network and the percentages of land cover categories by buffers around air
quality monitoring stations. According to a monthly correlation analysis between land cover
categories and PM concentrations, in the buffer 3km, PMip showed a better correlation than PMas,
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there was a clear negative correlation with the forest area, the grassland and the urbanized area had
some positive correlation with PMig, and the barren land and the urbanized area had some positive
correlation with PMas. According to a monthly correlation analysis of dominant land cover sub-
categories and sub-sub-categories within the buffer 3km, PMio showed a clear negative correlation
with the broad-leaved forest, and some positive correlation with the road was dominant. PM»s
showed partly negative correlation with the broad-leaved forest and partly positive correlation with
the commercial area. There was a very low or no correlation with other grassland and bare land sub-
categories. A monthly stepwise regression analysis on noticeable land cover sub-categories and sub-
sub-categories with positive or negative correlations revealed that an increasing percentage of the
broad-leaved forest had a clear effect on reducing PMio concentrations, and the road was excluded
from the selected variables. Although an increasing percentage of the commercial area had some
effect on increasing monthly PMas concentrations and an increasing percentage of the broad-leaved
forest had an effect on decreasing the PMas concentrations, their effect size was smaller than that on
PMio. The forest area around the city center had the largest and clearest effect on reducing PM
concentrations. The urbanized area’s sub-categories and sub-sub-categories were also confirmed to

have some effect on increasing PM concentrations.

Keywords : PMo, PMzs, Correlation analysis, Regression analysis
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Table 1. Descriptive statistics on the nearest neighbor

distance between air quality monitoring stations
in Seoul (unit: m)

n Mean SD Min. Max.
23 3333.1 747.8 2151.3 5915.5

Figure 1. Map of land cover categories by buffer around
air quality monitoring stations in Seoul.

Note: 100=Urbanized area; 200=Agricultural area; 300=Forest
area; 400=Grassland; 500=Wetland; 600=Bare land; 700=
Water body.
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Figure 2. Boxplots for monthly average PM concentrations in 2016 by air quality monitoring station in Seoul.
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Figure 3. Bar chart for the percentages of land cover
categories by buffer around air quality monitoring
stations in Seoul.
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Table 2. Monthly correlation analysis between land cover categories and PM concentrations by buffer around air quality
monitoring stations in Seoul

i Buffer Ikm Buffer 2km Buffer 3km
100 | 300 | 400 | 600 | 700 | 100 | 300 400 600 | 700 | 100 300 400 600 | 700
01 | 0.025 |-0.196| 0.242 | -0.389| 0.176 | 0.043 | -0.270 | 0.420* | -0.308 | 0.168 | 0.057 | -0.289 | 0.414* | -0.198 | 0.245
02 |-0.029 |-0.247{ 0.393 | -0.323| 0.236 | 0.031 | -0.348 | 0.506* | -0.336 | 0.261 | 0.093 | -0.414* | 0.524* | -0.188 | 0.336
03 | 0.049 |-0.283 | 0.247 | -0.032] 0.206 | 0.104 | -0.421* | 0.480* | -0.038 | 0.242 | 0.263 |-0.582**|0.526**| -0.048 | 0.377
04 | 0.118 [-0.308 | 0.156 | -0.047 | 0.185 | 0.216 | -0.421* | 0.366 | -0.127 | 0.146 | 0.361 [-0.536**| 0.387 | -0.053 | 0.200
05 | 0.097 |-0.376| 0.224 |-0.032] 0.292 | 0.219 | -0.483* | 0.440% | -0.196 | 0.225 | 0.385 |-0.583**| 0.422* | -0.182 | 0.280
06 | 0.084 |-0.208 | 0.087 | 0.065 | 0.126 | 0.176 | -0.366 | 0.250 | -0.054 | 0.181 | 0.385 [-0.581**| 0.355 |-0.021 | 0.279
Pl 07 {0.193 |-0.229|-0.064 | -0.145 | 0.110 | 0.256 | -0.341 | 0.094 |-0.432% | 0.175 | 0.428* | -0.484* | 0.157 |-0.341 | 0.197
08 | 0.377 |-0.308 | -0.085 | -0.149 |-0.088| 0.393 | -0.411 | 0.118 | -0.355 | 0.020 | 0.481* |-0.557**| 0.294 | -0.255 | 0.138
09 | 0.253 |-0.312{ 0.023 |-0.152] 0.069 | 0.315 | -0.407 | 0.229 | -0.351 | 0.089 | 0.398 | -0.488* | 0.266 | -0.156 | 0.142
10 | 0.188 [-0.313| 0.038 | 0.010 | 0.116 | 0.239 | -0.425% | 0.267 | -0.092 | 0.134 | 0.329 | -0.518* | 0.310 |-0.142 | 0.252
11 | 0.193 |-0.283| 0.064 |-0.231| 0.076 | 0.210 | -0.364 | 0.256 | -0.356 | 0.123 | 0.190 | -0.390 | 0.293 | -0.273 | 0.257
12 ] 0.184 |-0.258 | -0.054 | -0.062 | 0.089 | 0.216 | -0.344 | 0.153 | -0.089 | 0.063 | 0.247 | -0.400 | 0.243 | -0.085 | 0.152
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Table 2. Continued
o Buffer 1km Buffer 2km Buffer 3km
100 300 400 | 600 | 700 100 300 400 600 700 100 300 400 600 700
01 [-0.005| 0.070 [-0.025-0.011|-0.074|-0.071| 0.049 |-0.109| 0.050 | 0.096 | -0.076 | -0.035 | 0.087 | -0.135 | 0.204
02 [-0.013| 0.018 | 0.054 | 0.034 |-0.049 | -0.106 | 0.020 |-0.067| 0.059 | 0.166 | -0.141 | -0.031 | 0.098 | -0.171 | 0.292
03 [0.112 | 0.083 [-0.203 | 0.099 |-0.208 | 0.006 | 0.100 |-0.288 | 0.240 |-0.039| -0.051 | 0.044 |-0.115| -0.001 | 0.110
04 10192 | 0.141 [-0.270 | 0.049 |-0.390 | 0.083 | 0.141 |-0.301| 0.235 |-0.209| 0.036 | 0.050 |-0.130 | 0.107 |-0.061
05 |0.281 | -0.281 | 0.071 |-0.193 |-0.044 | 0.307 | -0.400 | 0.165 | -0.324 | 0.152 | 0.409 |-0.533**| 0.268 | -0.391 | 0.289
06 | 0312 | -0.361 | 0.029 | 0.046 | 0.001 | 0.305 [-0.436* | 0.145 | -0.198 | 0.169 | 0.372 | -0.524* | 0.250 | -0.332 | 0.291
P 07 [0313 | -0410 | 0.059 |-0.008 | 0.060 | 0.280 | -0.392 | 0.093 |-0.423*| 0.213 | 0.242 | -0.336 | 0.118 |-0.583** | 0.278
08 | 0378 | -0.453* | 0.034 | 0.039 | 0.021 | 0.378 [-0.514* | 0.160 | -0.331 | 0.183 | 0.436* | -0.577** | 0.288 | -0.417* | 0.268
09 [0.263 | -0325 | 0.007 | 0.101 | 0.034 | 0.271 | -0.333 | 0.086 | -0.220 | 0.109 | 0.259 | -0.308 | 0.147 | -0.112 | 0.107
10 |0.223 | -0.257 |-0.017 | -0.120 | 0.028 | 0.239 | -0.287 | 0.029 | -0.318 | 0.088 | 0.236 | -0.270 | 0.074 | -0.364 | 0.114
11 10210 | -0.269 | 0.173 |-0.271 | -0.021 | 0.093 | -0.209 | 0.131 | -0.372 | 0.164 | -0.105 | -0.071 | 0.241 | -0.340 | 0.232
1210302 | -0.308 | 0.038 | 0.066 |-0.104| 0.228 | -0.281 |-0.037| -0.078 | 0.104 | 0.058 | -0.188 | 0.126 | -0.228 | 0.235

*p<0.05, ** p<0.01
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Table 3. Percentages of land cover sub-categories and
sub-sub-categories within the buffer 3km around
air quality monitoring stations in Seoul (unit: %)

Category Sub-. Mean | SD Sub-su.b- Mean | SD
categories categories
110 321 | 68 111 109 | 5.0
120 06 | 14 121 03 105
130 140 | 6.1 131 95 |37
100
140 08 | 04 141 1.1 |03
150 129 | 35 154 291 | 54
160 54 |25 162 16 | 0.6
310 11.3 | 8.0 311 113 | 81
300 320 37 | 34 321 37 | 34
330 20 119 331 20 |19
410 06 | 14 411 15 |15
400
420 54 |27 423 9.0 | 2.6
610 08 | 1.4 613 13 | 17
600
620 29 12 623 27 |11

Note: 110=Residential area; 111=Single-family detached house;
120=Industrial area; 121=Industrial facility; 130=Commercial
area; 131=Commercial and business facility; 140=Culture,
sports and recreation area; 141= Culture, sports and recreation
facility; 150=Traffic area; 154=Road; 160=Public facility
area; 162=Education and administrative facility; 310&311=
Broad-leaved forest; 320&321=Coniferous forest; 330&33 1=
Mixed forest; 410=Natural grassland; 41 1=Natural grassland;
420=Artificial grassland; 423=Other grassland; 610=Natural
bare land; 613=Boulder and rock; 620=Artificial bare land;
623=0Other bare land.
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Table 4. Monthly correlation analysis between dominant sub-categories/sub-sub-categories and PM concentrations within
the buffer 3km around air quality monitoring stations in Seoul

Sub-categories Sub-sub-categories
Month
110 130 150 310 420 111 131 154 311 423
01 -0.083 0.109 0.208 -0.293 0.447* -0.159 0.093 0.235 -0.290 0.297
02 -0.151 0.225 0.272 | -0.420*% | 0.495* -0.142 0.182 0.273 -0.422*% | 0277
03 -0.045 0.274 0.457% | -0.577** | 0.510* -0.096 0.232 0.466* | -0.563** | 0.342
04 0.070 0314 0.416% | -0.525* | 0.376 0.001 0.346 0.452% | -0.514* | 0.236
05 0.067 0.327 0.445% | -0.573** | 0.422* 0.087 0.326 0.438* | -0.569** | 0.300
06 0.045 0.398 0.413 | -0.591** | 0.320 0.231 0.361 0.360 | -0.586** | 0.141
FMio 07 0.262 0.306 0.393 -0.461*% | 0.162 0.263 0.325 0.373 -0.460* | 0.173
08 0.138 0.426* 0.410 | -0.549*%* | 0.242 0.297 0.436* | 0.420*% | -0.549** | 0.157
09 0.192 0.337 0.329 | -0.470* | 0.245 0.140 0.360 0.398 | -0470* | 0.174
10 0.305 0.139 0377 | -0.485* | 0.290 0.043 0.170 0.423* | -0.468* | 0.295
11 0.093 0.132 0.249 -0.374 0.316 -0.079 0.169 0.339 -0.375 0.254
12 0.099 0.186 0.260 -0.373 0.170 -0.073 0.231 0.380 -0.371 0.173
Month 110 130 150 310 620 111 131 154 311 623
01 -0.293 0.158 -0.032 -0.079 -0.215 0.174 0.094 -0.216 -0.082 0.018
02 -0.316 0.083 -0.008 -0.086 -0.297 0.079 0.007 -0.205 -0.096 -0.124
03 -0.180 0.085 -0.078 0.038 -0.152 0.162 0.011 -0.176 0.040 0.000
04 -0.216 0.219 -0.022 0.042 -0.028 0.215 0.170 -0.104 0.042 0.053
05 -0.156 | 0.580%* | 0.498* | -0.527** | 0.021 0.194 | 0.538** | 0.416* |-0.531** | -0.051
PMbs 06 -0.044 | 0.438* | 0.487* | -0.506% | 0.106 0.100 0.380 0.443* | -0.503* | -0.068
07 -0.020 0.259 0.386 -0.334 -0.221 0.099 0.251 0.238 -0.344 -0.315
08 0.076 0.439*% | 0.507* |-0.563** | 0.101 0.190 0.442* 0412 | -0.563** | -0.077
09 -0.084 | 0.442* 0.261 -0.318 0.044 0.110 0.436* 0.167 -0.332 -0.055
10 0.104 0.245 0.242 -0.253 -0.087 0.225 0.285 0.072 -0.267 -0.143
11 -443* 0.275 0.089 -0.107 -0.336 -0.094 0.236 -0.109 -0.134 -0.257
12 -473*% | 0.445* 0.197 -0.235 -0.120 0.033 0.401 0.007 -0.261 -0.006

* p<0.03, ** p<0.01



Z|ENY - ZOHQ - XAl / MEA EE DX SEF FH EX|I|SQ| &7 24 575

PMzs #4237 857 73 5 44A9(130)%
59, 64, 84, 94, 12¢of| A8A14= 0.442~0.580
o] o] e e, 5¢, 64, 8Yol 1 E
A (150)2F oF o] AF3H(r: 0.487~0.507) ¥ &
£2(310)3 &9 AHH(r: —0.563~-0,506)< |}
R oleh, FAX110)2 11, 1200 &9 4
(r: —0.443, —0.473), 213UA|(620)= AFAo] ¢l
ek, o] ElE FEF F ol et Al <
Al 53] AT FY- AF-AA (131) 5;(154)L

Fojgt AT SEF

F

1
| %&
>.

ﬁ ol .
= K
Bl o

offt lo ¥
BN
12 5
o
N
o

rlr do A rlr

o

E-Nt (o}

>

=2

=

-~

gl

ox,

o

g0 o flo
ol x
[ jm
D]
= of M

'1)’ N oY

o

=

oo

1o

o>

o

o

)

ful

e

3
g
=

PMuoo]

12 g
o

u

L

2

=
off
~

=

=
Kl
A9,
&
A

2L 4
Jo
o
re,
>
Nl
toh
~
12 o
1o
o
r
oX
s
fluj
olN
N
i,
M,

o
=

)
)
B
QL
3R
o
L
D)
1o
>
Hz
&
J
%
ofl
rlo
ox T
e

go éﬂﬂ TR7RA 2 A5 )
Aol e
E}‘fki}. ol mAIHA|
A FollA Ab 2
5HA dkelo] qlen, 3
= Aol T8 2
EP —<>l A

lﬁr]oﬁt%—ﬂ
L odr [T
_|Nl‘5j3::(ﬂ1
(E oo md
o o B

O:l'ﬂ:(o

)

&

)

N
>_\;V°

2o
O ox
o
N
N
o3
=

o K
1o =
g -
T
Lo
ﬁ

(]

x2
il

oo 4y g oox
o w
il
Jo

olN
o mx

1o

°](Yin et al, 2011)9} A¥ts Az}

i N oo oo 2 g off 41 do
se oy oo o 1o i

il

Ot o oo

s

r:i o

e EPTJ Aol A wlA A o] =2 wiEH
o8 3y "t} Zo](Hitchins et al. 2000;
Reponen et al, 2003; Brantley et al, 2014) A]7}3}
A% 9 % opo] ApAo] B, PMas} AT

Aaof o3t vAHA HiE FF
o

2 -%Xé %E}(Waﬂace al,

ER=e}
R

o] Ao} o] EX]Q%E’J %74]*3 0] PMioo] B3l &

k=l W71 & spehiks-oll 2% 22484 o] W
PMzs ¥HA o] ExAHS mEs|EH (Kim 2017), &

= SgHrse] I 2] b

woz wudt fEf 299 AR 379

2 %ZIUP AZFSHA o A 3 9] S AR A

% ST mAEA 410

WWXI ‘E‘“goﬂ FFE T

(Jonsson et al, 2004; Weng 2006; Hong and

2017).

_\L
£
Sl
o
fru
=
i
r rﬂ

3) W9 3km| & EA5E
FEI AR
W Skm U AR B9 F GO A U S

S8} v

of FrEA ol & Yehd 7 i W= g Al
Hotol 4 FARALS B3 1T1H BALL T}
s}%Irh(Table 5), PMo &2] AHAe] 524

Qd %}0}2‘.#3‘(311)4 o FudA e =2 (154)5
]

°
T FFE F= AR BAEUHp0.05). 3
AAGB)= —0.358~—0,152% A4 FH T4
Hl& F7he 9%+ PMo 5=5 7 A] =l
A2 17.8~34.3%°13tt, EgHEt 4
=3 Bl=AE o] A 117%121 e,

i Oéﬁohﬂi | ggedol o 7,

2R 2 93§

O i oot g

o

ox R 1 ox 1o
s}
=
off
}ﬂ
2
=

1o et

-
=

o fr
lo
1o
oX ¥
£=)
LS
)
Jg
J;
JPE
Jo
ofll
-,
ﬂﬁ."l

42 PMioX V‘f‘_—_]

949, 12¢¥0ll= AAAY, 64, 8¥oll= S
PMes &0 {23k & o
tH(p<0.05). FAAY 3 AAS= 0.123~0,
A W AIAS v&e] S7h= 494t PMes

2 &
OPH
i/
ol
=

-



576 EFYSEI} M28H MeZ

Table 5. Regression analysis on monthly PM concentrations by percentage of noticeable land cover sub-categories and

sub-sub-categories within the buffer 3km around air quality monitoring stations in Seoul

Month Independent variable B SE B t p R?
02 311 0227 | 0106 | -042 | 2133 | 0045 | 0178
03 311 0358 | 0115 | -0563 | 3121 | 0005 | 0317
04 311 0342 | 0125 | 0514 | 2747 | 0012 | 0264
05 311 0349 | 0110 | 0569 | -3170 | 0005 | 0324
PMo 06 311 0273 | 0082 | -058 | -3311 | 0003 | 0343
07 311 0152 | 0064 | -0460 | 2372 | 0027 | 0211
08 311 0267 | 0089 | -0549 | -3008 | 0007 | 0301
09 311 0214 | 0088 | -0470 | -2438 | 0024 | 0221
10 311 0205 | 0084 | -0468 | -2428 | 0024 | 0219
05 130 0.197 | 0.060 058 | 3260 | 0004 | 0336
06 310 0139 | 0052 | -0506 | -2686 | 0014 | 0256
PMas 08 310 0160 | 0051 | -0563 | -3.122 | 0005 | 0317
09 130 0123 | 0054 0442 | 2258 | 0035 | 0195
12 130 0178 | 0078 0445 | 2274 | 0034 | 019
£ S7HAY. 299 IAASE -0.136, A5, 7 Y82 PMuwe] B|sf Wokil, Exju)E
—0.1602 Z744 T3 L4 vlEY F7h= 44 A 9| T2 HHSES P Z Ao & AlmETt
T PMos =8 HAAFT 98 nygo] Ay
19.5~33.6%°]3Ach, €9 A w47} myof sht V.2
A AR, ST RADTEE TAL y ape w0 oA el Qe NS B
o) = AL S P
ki “/P‘c \_thﬂlﬂﬂ‘ii‘:}. ST A 244 olol mAEo| Giske Tisls] ejstel Al
o] ggko] fofgt ol 25 Wokou, F Wi nE o Ao S1X|5 EAITY] ZAuo] 2 uguA]
RO VAL B 5, 6, 88 FAME DAL L L o el e
GG BAENEY, B0l HARGR 2F o iﬁ RGN Jjj;f‘j
- T'ﬂj)\)\q’.;—‘:‘_ oJ——rLEj\]t;q—'tf;J—i:Hlﬁ
S5 AT PMo SRl 244 21 2042 AAHE eek HYE MM, Bzl SHYE
e oo e e e A HES AEeklal, 9d nAWA] sEek A
Hl& 71 Gkl ol HaE= WA ol F3lsHA THELA W S| EAS AN Fe] 0]E08 o] Hake
Ueteth B2 ARhEA oA f-ogh o A sfolsloirt A ATk gokshy choat 7k
AE YetAATE, 3R A= ddedat 3 A, PE2 Ex9E 987 u)wz] Ero] 9
FAHAE o o3 FFE A FSlksinh 294 ) AFpkE A A v E Skmol| A, PMos2 T PMioo]
A EREDHES WU PMo w0 tigt 9 4 apmao) & ehgt) Arda) o Alua vt
Fee o o ol2et Anke AR EY9ed 1) 7V mEEtdal, I 9 2|9} A7} = PMod, U
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oluf, nAHA| ol tigt FH Ao A% JF i
o] frasHA AEEIL Qe Hojral Tk EA4), W5 3kmolA Aol BHlHE 47 HiEF
T, PMes s FUAY H1E 710 ME 57 95339 AR 95433 vjAHA] sro] 4E
Y, LU S Sl whE e Y el AREA 23 PMe AH AR 39 29t
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