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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, PMiy 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
P 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 0192 | 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 | 0223 | -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
12 10302 | -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 1.6 | 0.6
310 11.3 | 8.0 31 113 | 81
300 320 37 | 34 321 37 | 34
330 20 |19 331 20 |19
410 06 | 14 411 15 |15
400
420 54 |27 423 9.0 | 2.6
610 08 | 1.4 613 13 | 1.7
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=Other 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 0.314 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 | -0470* | 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
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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 | 0422 | 2133 | 0045 0.178
03 311 -0.358 0.115 -0.563 -3.121 0.005 0.317
04 311 -0.342 0.125 -0.514 -2.747 0.012 0.264
05 311 -0.349 0.110 -0.569 -3.170 0.005 0.324
PMio 06 311 -0.273 0.082 -0.586 -3.311 0.003 0.343
07 311 -0.152 0.064 -0.460 -2.372 0.027 0.211
08 311 -0.267 0.089 -0.549 -3.008 0.007 0.301
09 311 -0.214 0.088 -0.470 -2.438 0.024 0.221
10 311 -0.205 0.084 -0.468 -2.428 0.024 0.219
05 130 0.197 0.060 0.580 3.260 0.004 0.336
06 310 -0.139 0.052 -0.506 -2.686 0.014 0.256
PMzs 08 310 -0.160 0.051 -0.563 -3.122 0.005 0317
09 130 0123 | 0054 0.442 2258 | 0035 0.195
12 130 0178 | 0078 0.445 2274 | 0034 0.198
g 7Y, 2448 A sE -0.136, Ak, 71 g3 PMool| HIS) Yok, EXuE
—0.1602 Z44 9 &4 vl&Y] F7hs 4% 2 9| T2 LB Y= 2 AR AlrEY}
T PMos 558 HAAZTH 98 ngo] dyge
19.5~33.6%°]31tt, HH 22 7t By skt IV.2=%
A AEE Q] EhW S]] 8031 kS =] B
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cE TR S TR EAT TET T g0 A% =AY 24we] 9 ujAuA &
FOJTE S Bl 5, 6, 89 FolM= A4EAY S o e
(5°J E_E]- §j—01/\a](6 8°J)o ZE]Z“]tﬁ/\ﬁ - 1_:] Eg"—‘r o= Tt\ﬂi—‘l EZ]“’]—I °c = H]‘g—‘] “\:]'7-'”%‘
game oo BASG EH4 F BEXNES SR 0)F
L?E]:E}' L I A E efste] AAFH wo, EXUE SHEE
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o = o=k [ AT A] === - - -
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Fee oz ol2et Ak AR EY9ed 1) 71 =315k, 19 A9 AJ7HA1= PMo}, b
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