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Abstract

The relationship between urban spatial structures and GHG-AP integrated emissions was investigated by statistically
andyzing those from 25 administrative districts of Seoul. Urban spatia structures, of which data were obtained from Seoul
statistics yearbook, were classified into five categories of city development, residence, environment, traffic and economy.
They were further classified into 10 components of local area, population, number of households, residential area, forest area,
park area, registered vehicles, road area, number of businesses and total local taxes. GHG-AP integrated emissions were
estimated based on IPCC(intergovernmental panel on climate change) 2006 guidelines, guideline for government greenhouse
inventories, EPA AP-42(compilation of air pollutant emission factors) and preliminary studies. The result of statistical anaysis
indicated that GHG-AP integrated emissions were significantly correlated with urban spatiad structures. The correlation
analysis results showed that registered vehicles for GHG (r=0.803, p<0.01), forest area for AP (r=0.996, p<0.01), and park
area for AP (r=0.889, p<0.01) were highly significant. From the factor anayss, three groups such as city and traffic
categories, economy category and environment category were identified to be the governing factors controlling GHG-AP
emissions. The multiple regression analysis also represented that the most influencing factors on GHG-AP emissions were
categories of traffic and environment. 25 administrative districts of Seoul were clustered into six groups, of which each has
similar characteristics of urban spatial structures and GHG-AP integrated emissions.

Key wards : Greenhouse gas (GHG), Air pollution (AP), Urban spatia structure, Seoul, Stetistical analysis
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Table 1. Status of urban spatial structures by local governments in Seoul for the year 2010
\(: ass| City Residence Environment Traffic Economy
Ig'g\?gmmm ) GrA TP HH RA FA PA RV RoOA NB TL
Unit km? person house km? km? km? number km? number m\:\lllc;r(?n
Total 605.25 10,575,447 4,224,181 309 157 161 2,981,400 82 729,728 11,193,839
Jongno 2391 179,362 77,621 9 11 49,669 3 37,636 544,405
Jung 9.96 141,200 61,468 1 3 62,495 2 57,914 1,017,055
Yongsan 21.87 257,143 113,204 11 2 1 75,579 3 18,966 463,688
Seongdong 1685 316,892 129,644 9 1 3 87,277 3 23148 287,750
Gwangjin 1706 388,775 159,675 11 3 3 92,712 3 23791 241,526
Dongdeamun | 14.20 379,343 158,485 13 1 1 90,954 3 29,671 275,115
Jungnang 1850 432,302 176,096 11 6 5 103,779 3 26526 189,915
Seongbuk 2456 497,692 201,489 17 9 8 115,600 4 23593 294,049
Gangbuk 23.61 350,007 142,711 9 13 14 73,805 2 19,256 164,514
Dobong 20.70 370,734 140,603 10 10 11 93,719 2 17,498 176,244
Nowon 35.44 615,425 228,022 13 18 14 155,744 4 24,4901 249,348
Eunpyeong 29.69 492,925 196,390 15 14 16 116,001 3 22,666 249,809
Seodeamun | 17.60 333871 138473 16 6 6 79,542 3 17,887 225,233
Mapo 2388 400464 170,531 12 1 5 110,124 4 28930 391,758
Y angcheon 1741 505223 183,718 12 3 3 146,470 3 24562 338,353
Gangseo 4143 580506 225,313 14 4 4 180,998 4 30,724 363,844
Guro 20.12 452,667 170,317 4 3 138,450 3 32,381 292,062
Geumcheon 13.00 264,544 103,412 3 2 72,559 2 24,520 252,198
Y eongdeungpo | 24.57 445,648 171,791 0 2 143,025 4 41,084 731,185
Dongjak 16.35 413,814 167,887 15 4 5 96,579 3 19,836 253,861
Gwanak 29.57 549,736 247,588 12 18 11 119,194 3 25,797 251,091
Seocho 4700 440,021 170,882 18 16 16 170,001 5 36,302 998,143
Gangnam 3951 577,070 234,345 22 7 6 254,098 5 53494 1,886,911
Songpa 3388 693144 264,364 22 1 5 213,490 5 40,931 709,039
Gangdong 24.58 496,939 190,152 13 3 3 139,536 3 28,124 346,743

a) Gross Area (GrA), Total Population (TP), Household (HH), Residential Area (RA), Forest Area (FA) , Park Area (PA), Registered
Vehicles (RV), Road Area (RoA), No. of Business (NB), Total Local Taxes(TL)
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Fig. 1. Flow chart of this study.
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Table 3. Statistical formulas applied in this study
Methods Statistical formulas Statistics
i Y= D)= )
Correlation analvsi r=_—t= ,—1<r<1 Peerson
orrelation analysis 548, [ . son'sr
Y RO MCRID MRt
i=1 i=1
s, - covariance, s, s, standard deviation, z;, y; : variable
Ty =y = I Py Pyt F ey
Ty~ flg = Uy By + oyt o+ 1y, Bt ey
Factor analysis KMO and Bqtl .eu S
test of sphericity
L lmFl + lszz +.o.t l]rmFm +e,
x, : random variable vector, ., : mean vector
F; : common factor, &; : specific factor, /;; : factor loading
Multiple regression y; = Byt Byt Boro+ o B3 te,i=1,2..n )
: . o ! ) Adj-r2
analysis 3; : regression coefficient, € : error term N(O, o)
d(C, ) = B(C, Cy) = llz,— @u/(ni+ %) : Ward method
‘1 2
d: distance, Cy, C; : cluster membership,
a alvs E : error sum of squares, X1, X» : variable Ward method and
uster analysis ny, Ny : sizeof cluster(cluster information) K-means

n

Squared Euclidean distance = E(X,‘/— X;:)?

i=1

X, X, - variable

2% A7t & HiESRe 777 36,995,069 tonCOsy,
2,816,768 tonAP= AP E]3ic) 5], VOC= 2,437,741
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B oAl AEe tv1ey uiEe 2,816,768
tonAPL SHYSATSIANIER, 20120014 AP
288,642 tonAP(20104 7]32)} oF 108¢] o2 2g]
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Aisite the 23S VERAL ek

A2A] g ulfE RS AR, A7 bl
ZTRS 717} 3,667,532 tonCOse 2 714 TS v
e Helom, thaor Fulh e AH 2
7} 2,800,728 tonCOjeq, 2,380,417 tonCOseq, 2,213,592
N0 LFERSITE Z12)31 7] 2. W&o Tol
7} 331,408 tonAPE 714 e HlETRS Hylon, T}
S0 MR, w9, ) 717} 288,873 tonAP,
237,956 tonAP, 220,637 tonAP= AFYE|Qict Hal 2
I AEA] A E B e A7t 2
A HiET 540 A= Aoldt AikE HoliL glow,
3.249] SAREAS Fto] AeA] mAlS et 2
Zret7|1eY T e Y] B AMAIs] EAs)

At
3.2. SHEH
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Table4. Tota GHG-AP integrated emissions by local governments in Seoul, 2010

P - mea

Contents COqu AP CO NOx SOx PM1o PM2s VOC NH3
Unit ton
Total 36,995,069 2,816,768 92,579 53,185 3,335 19,604 2,160 2,437,741 210,324
Jongno 525,330 141,049 1,555 875 53 338 36 126,108 12,120
Jung 1,570,713 48,358 1,872 965 49 390 37 41,817 3,265
Y ongsan 1,205,191 33,669 2,327 1,286 73 499 53 27,045 2,439
Seongdong 1,528,649 33,694 2,713 1,532 92 557 64 26,374 2,426
Gwangjin 1,507,136 59,513 2,931 1,717 110 621 73 49,974 4,160
Dongdeamun 1,511,954 27,341 2,878 1,671 105 599 71 20,051 2,037
Jungnang 1,105,351 103,819 3,286 1,924 122 676 82 90,417 7,3%
Seongbuk 1,157,957 132,294 3,670 2,167 141 780 92 114,322 11,214
Gangbuk 153,977 198,411 2,383 1,443 98 489 62 177,266 16,732
Dobong 587,104 153,954 2,941 1,693 105 628 71 135,333 13,254
Nowon 1,104,120 237,956 4,954 3,105 239 1,102 118 209,146 19,410
Eunpyeong 587,294 220,637 3,683 2,180 143 778 92 194,966 18,887
Seodeamun 933,304 89,944 2,524 1,476 95 542 62 77,983 7,324
Mapo 1,765,813 54,842 3,515 2,297 197 733 80 43,677 4,423
Y angcheon 1,862,032 68,702 4,561 2,712 188 956 105 55,941 4,344
Gangseo 2,213,592 94,409 5,531 3,113 171 1,176 126 78,343 6,075
Guro 1,890,311 71,830 4,231 2,350 133 893 97 59,234 4,989
Geumcheon 1,157,593 52,352 2,247 1,272 75 484 53 44,262 4,012
Yeongdeungpo 2,380,417 31,748 4,350 2,363 129 900 97 21,946 2,060
Dongjak 1,236,645 58,768 3,070 1,804 116 650 7 48,427 4,701
Gwanak 917,820 331,408 3,817 2,301 151 817 98 304,770 19,552
Seocho 1,671,711 288,873 5,082 2,671 134 1,059 109 258,035 21,892
Gangnam 3,867,532 162,713 7,622 4,239 271 1,609 153 139,715 9,257
Songpa 2,800,728 65,678 6,517 3,607 203 1,412 149 49,182 4,757
Gangdong 1,752,795 54,806 4,319 2,422 142 916 103 43,407 3,600
AlEA| 2571 7ol it 7 s g A A A TS U HhE @ A7kA Hl &SRS 25H), VOCT| tiii e 225}
Wik = 7)o ujEe %1 we] Aol7} Lehia glek. o]
BT A A G ] ] S A e
Tl HEwAe 24 ko Uepdon), gt orled HHEEW fz, HIAE ke & 4 9
42301802 FARECE. 3 AEAF S ﬁEHﬂ— 322 AT B
119,256t F-919) AFEHAT} FLAHAL o] A

26 km' o= ol WA ou] of 25%9] Hles
AA8l= A 02 LT

AEA] e AL 7] @ 9 viERR
FH o7 717} 1,479,803 tonCOsy, 112,671 tonAPE
UeRton, g7] e SEAH 2 VOC7} 97,510 tonAP
714 uke ubAeke. wolet, iAo R v|ws) 2

QI74:0} AHE A} 5ET40] W9l 5 xjo] 2 Bl

E?& Hﬂgo 5 =5 s 999
CIGEISIE), AT RS A I2BEA 5§
o o] Alehy BT Table 6ol LEhig]
o, AP B4 pearson AHASE o] g3lo] F ui
or, 048 7208 ojolul
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Table5. Theresult of descriptive statistical analysis

Contents Unit N Range Min. Max. Mean SD
GrA km’ 25 37.04 9.96 47 24 9
TP person 25 551,944 141,200 693,144 423,018 132,508
HH house 25 202,896 61,468 264,364 168,967 50,098
RA km? 25 15 6 21 12 4
FA km? 25 18 0 18 6 6
PA km? 25 15 1 16 6 5
RV number 25 204,429 49,669 254,008 119,256 48,607
RoA km’ 25 3 2 5 3 0.9
NB number 25 40,416 17,498 57,914 29,189 10,428
TL million won 25 1,722,397 164,514 1,886,911 447,754 381,748
GHG ton 25 3,713,555 153,977 3,867,532 1,479,803 785,704
AP ton 25 304,066 27,341 331,407 112,671 84,715
co ton 25 6,067 1,555 7,622 3,703 1,450
NOXx ton 25 3,364 875 4,239 2,127 811
SOx ton 25 222 49 271 133 55
PMio ton 25 1,271 338 1,609 784 311

PM2s ton 25 117 36 153 86 30
vOC ton 25 284,719 20,051 304,770 97,510 77,956
NH3 ton 25 19,855 2,037 21,892 8,413 6,358
g B2 I v TP S O] A ngk A o2 FAEQI:
o] U= EAF e AEAt sE50i4(r=0.803, 323 QoI
pOODE UERdon], t71eql HiEwke Awd golEAe

(r=0.966, p<0.01), -5-¥HA|(r=0.889, p<0.01) 02 A}
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ti71ed HiES 2t Aol Sl Ao BAH
A
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Table6. Theresult of pearson’s correlation analysis between urban spatial structures and GHG-AP integrated emissions

Contents GHG AP CO NOx SOx PM1o PM2s vVOoC NH3
GrA 0.365 0.614** 0.750** 0.738** 0.634** 0.754** 0.740** 0.596** 0.576**
TP 0.472% 0.327 0.864** 0.900** 0.863** 0.873** 0.941** 0.305 0.256
HH 0.448* 0.378 0.831** 0.871** 0.846** 0.838** 0.911** 0.359 0.283
RA 0.411* 0.306 0.675** 0.677** 0.624** 0.681** 0.687** 0.287 0.278
FA -0.451* 0.966** 0.085 0.122 0.183 0.100 0.139 0.966** 0.981**
PA -0.451* 0.889** 0.077 0.107 0.160 0.087 0.118 0.884** 0.966**
RV 0.803** 0.216 0.999** 0.982** 0.866** 0.996** 0.974** 0.191 0.122
RoA 0.683** 0.190 0.810** 0.797** 0.713** 0.808** 0.780** 0.168 0.139
NB 0.655** -0.067 0.391 0.324 0.197 0.381 0.267 -0.073 -0.147
TL 0.726** 0.078 0.543** 0.475% 0.355 0.531** 0.396 0.068 -0.007

“Correlation is significant at the 0.01 level (2-tailed)
"Correlation is significant at the 0.05 level (2-tailed)

o], KMOX 057322 0.5 Hr} =7 LR} 80154
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A AARAT} §-o8kE0] 0.0000 2 Al 7HE0] o
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7| A 1o, QIR 2= ARl A ARt sl
A, A 32 Al AT} FdH A 0 2 e 2
O = LERdT

Table 7. KMO(The Kaiser-Meyer-Olkin measure) of sampling adequacy tests and Bartlett's test of sphericity, factor

extraction from the original matrix

KMO of sampling adequacy test 0.573
Approximate Chi-Square 311.506
Bartlett’ s test of
. Degrees of freedom 45
sphericity
P-vaue 0.000
Seoul )
Factor Communality
F1 F3
Eigenvalue 5.107 2.303 1.473 -
Cum. Vari. 51.074 74.107 88.838 -
GrA 0.698 0.333 0.517 0.865
TP 0.961 -0.095 0.080 0.938
HH 0.954 -0.099 0.103 0.931
RA 0.773 0.178 0.198 0.668
FA 0.121 -0.113 0.957 0.943
PA 0.101 -0.047 0.973 0.960
RV 0.877 0.405 -0.007 0.933
RoA 0.792 0.447 0.057 0.830
NB 0.045 0.926 -0.132 0.877
TL 0.203 0.947 0.007 0.939
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Table9. Theresult of cluster analysis using K-means method

Normalization City Residence Environment Traffic Economy Pollution
No. of grouping GrA TP HH RA FA PA RV RoA NB TL GHG AP

Seoul - 1 1 1 1 1 1 1 1 1 1 1 1
Jongno 5 099 042 046 073 152 170 042 081 129 122 | 036 125
Jung 2 041 033 036 051 024 049 052 057 198 227 | 106 043
Yongsan 6 090 061 067 092 029 021 063 095 065 104 | 081 0.30
Seongdong 4 070 075 077 072 009 045 073 091 079 064 | 103 030
Gwangjin 4 070 092 09 092 047 053 078 103 08 054 | 102 053
Dongdeamun 4 059 09 094 109 020 019 076 093 102 061 | 1.02 024
Jungnang 6 076 102 104 08 089 08L 087 08 091 042 | 075 092
Seongbuk 6 1.01 118 119 138 149 127 097 121 081 066 | 078 117
Gangbuk 5 098 083 08 073 205 223 062 059 066 037 | 010 176
Dobong 5 086 08 08 08 159 163 079 070 060 039 | 040 137
Nowon 6 146 145 135 102 282 220 131 112 084 056 | 075 211
Eunpyeong 5 123 117 116 120 230 247 097 093 078 056 | 040 1.9
Seodeamun 6 073 079 08 125 089 087 067 08L 061 050 | 063 0.80
Mapo 4 099 09 101 098 014 079 092 122 099 087 | 119 049
Y angcheon 4 072 119 109 100 046 045 128 106 084 076 | 1.26 061
Gangseo 1 171 137 133 110 067 062 152 134 105 081 | 1.50 084
Guro 4 083 107 101 058 056 049 116 091 111 065 | 128 064
Geumcheon 6 054 063 061 048 052 034 061 059 084 056 | 078 046
Y eongdeungpo 1 1.01 105 102 051 001 034 120 134 141 163 | 161 028
Dongjak 6 068 098 099 124 060 071 081 08L 068 057 | 084 052
Gwanak 6 1.22 130 147 093 278 171 100 084 088 056 | 062 294
Seocho 2 194 104 101 148 256 246 143 150 124 223 | 113 256
Gangnam 3 163 136 139 173 114 08 213 167 183 421 | 261 144
Songpa 1 140 164 15 173 023 073 179 141 140 158 | 1.89 058
Gangdong 4 102 117 113 106 048 044 117 09 09 077 | 118 049

a) Urban spatial structures and GHG-AP emissions of local governments are normalized to those of Seoul city.
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