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ABSTRACT

Urban green spaces, as a means to mitigate social problems and environmental risks, are getting more attention
in evaluating urban environment. The inequity of green space distribution is becoming a major issue in urban planning
and management. This study investigated the characteristics of green space in 3 districts (Jung-gu, Dongdaemun-gu,
Seongdong-gu), that are composed of 46 administrative divisions in central Seoul, to analyze the environmental equity
of urban green spaces. The correlations between the amount of green space, including the coverage of street trees, and
the socioeconomic status of each administrative division were analyzed. To deduce the effects of plant coverage on the
urban temperature regime, the relationship between the normalized difference of vegetation index (NDVI) and land surface
temperature (LST) was analyzed. The research revealed that the mean NDVI of an administrative division was negatively
correlated with the percentage of basic living recipients and disabled people. The LST of a division with low NDVI was
higher due to the lack of green coverage. Such environmental inequities were closely related to residential building type,
which was strongly affected by the economic status of residents. The LST of an apartment area was 2.0°C lower than
that of single-family houses and multi-housing areas. This is expected as the average NDVI of the apartment area was
more than twice as high as the other environments considered in this study. The inequity can be exacerbated without urban

planning which is deliberately designed to reduce it.
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Figure 1. Location of the study area (Sentinel 2A image, 2017-06-12)
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Table 1. Characteristic of the satellite images and acquisition date
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5 Thermal infrared 10.40~12.50 Resampled: 30x30m 1994
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NIR(Near infra red) | 0.76~091 10x10m
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| . E— " =] = -

skeAl T Slel Bttt

4, AZEQ 0

CESHES T ARIAAY B R AR ST &
AFEE, 654 oo A QI 44 olste] of#

F SRS, AR TE N2 BERATE 5
= I 52, 2 =7 ARE SRR Y 9
£ s, FaulolE XY AEA AT 2017d FAAR
& ARSIt AAE B4 WEZe a5Hgete] Aaa
T g E 4 AR F ©9l9 A5AE FF o] ofHa,

I QIS A 9 d7e WIS dolit i gel

ol

EARENANE R AZE (R Core Team 2017, version
34.3)7F AHEE AL, TAERe] B 7]EF GIS AR A=
QGIS(QGIS Development Team 2017, version 3.2.2)7F AH&-
Hth Z7Hd ko= R AZE Y09 “raster” (Hijmans 2016,
version 2.5-8.) 2 “maptools”(Bivand and Lewin-Koh 2017,
version 09-2.) F7|1A7F AHEE AT

o

D PAHOR TR UYTH Table 2 2, V. Zzt 3 E
3. EAEAN 1. Y SEeolEM
ggstal Agst BAS siM e JAFU AR 59 1) &4 54
o UAS U R BAo] g Eoof sh, HAX R # AEA EAIZIEAIE Y] Yol 7]123 5719 A 7L
Table 2. The source and unit of used data
Variable Source Unit
. Land surface temperature(LST) Landsat image (USGS)
Dependence variable - - — -
Normalized difference vegetation index(NDVI) Sentinel 2A (European space agency)
Percentage of building coverage Biotope map %
Percentage of impermeable pavement Biotope map %
Environmental ) 0
characteristic Percentage of permeable pavement Biotope map %
Percentage of green space Biotope map %
Percentage of street tree canopy Digitizing %
Total household number Open data, Seoul city Number
Independence Population number Open data, Seoul city Number
variable Population density Open data, Seoul city Number/km?
] ) Percentage of individuals aged > 65 years Open data, Seoul city %
Socio-economic - - p
characteristic Percentage of children < 4 years Open data, Seoul city %
Percentage of living alone aging person Open data, Seoul city %
Household of basic living recipient . Number
Percentage of basic living recipient Open data, Seoul city %
Percentage of disabled person Open data, Seoul city %
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Table 3. Socio-economical status and environmental factors in Jung-gu

(54.6%, 0.86km®), L&) 3L AFgi-Eo] YAl s
A5 (41.97%, 042km”), F55(27.4%, 0.14km?)
ol Lon, WR 235 (35%, 0.025km’), &e5(50%,
02k?), SA 2, ABE 5 10% Pl A&

ATH Table 3 #%).
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Ao B = FAXNY 59.2%, FUAS 28%, wAA 122%, =
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= M9 28%F AHA
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% 654 oAFe] 1 QlTe} Tk 44 o]} ofZle] § EA kgl
T} SEHQlY FE HWA IE FEE HYoH, 7|24

g e S

3) 50l B §85(13%, 823),

5 (5.6%. 452%) % BE17F5(55%. 294
AR5 (14%, 91%5) SOl

7HE A,

AET AE TP w2 AAEE 7 2 518%9) A
27135013, FAE2E, #52 - 371E, wPEE Tl 40% o4
o Ad&s 73 Qo AAQl AdusoRg By &
BEol 080k’ E 7MY WA, AF2I3E, A2E Tl 1
FE dh Ad &S 2FrEEES $R FETTE0l §

Zﬁl A7) 80% o’ AA e 85 27¥35(91.5%, 1.03
Hu

), W E(854%, 0.62km’),"HE5(81.8%, 0.79%km’) 5 A

Administrative Area Population Percentage of Percentage of build- | Percentage of imper- | Street tree |Individuals aged > 65| Basic living

division (km?) | number(inh.) | green space(%) ing coverage(%) meable pavement(%) | canopy(m?’) years(inh.) recipient (inh.)
Sogong-dong 095 2,187 195 30.7 459 35,786 257 15
Hoehyeon-dong 084 5953 190 382 416 22786 1,369 466
Myeong-dong 0.99 3469 77 478 419 35,462 662 49
Pil-dong 114 4,885 546 232 210 9,837 780 71
Jangchung-dong | 136 5648 419 282 268 11,358 756 76
Gwanghui-dong 0.74 5875 35 50.7 420 13597 1,103 128
Euljiro-dong 0.6 1786 6.0 457 457 21,192 446 82
Sindang 5-dong 0.39 9.830 146 439 412 3467 1.486 254
Hwanghak-dong | 0.33 13,0% 50 55.2 3.0 3586 1,760 315
Jungnim-dong 048 11575 194 40.1 398 14.307 1,730 421
Sindang-dong 055 9,544 52 47 479 12957 1.274 203
Dasan-dong 051 1539 71 65.8 211 5,584 2,392 303
Yaksu-dong 048 18400 214 314 3838 2,740 3329 521
Cheonggu-dong 0.34 1499 178 438 36.3 2,708 2412 432
Dongwha-dong 0.26 11,348 19.0 410 400 1.309 1.628 126

" The number also included area of lakes, marshes and rivers
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Table 4. Socio-economical status and environmental factors in Seongdong-gu

Administrative Area Population Percentage of Percentage of build- | Percentage of imper- | Street tree | Individuals aged > | Basic living

division (km?) | number(inh.) |green space (%)* | ing coverage(%) meable pavement(%) | canopy(m?) 65 years(inh.) recipient (inh,)
Wangsipri 2-dong 041 18,185 146 50.5 213 1,861 2331 263
Majang-dong 1.06 24193 130 460 3.3 24,302 3,387 423
Sageun-dong 111 12,812 232 392 30.1 20,171 1409 117
Hangdang 1-dong 0.59 14,387 59 454 400 12,799 2,060 239
Hangdand 2-dong 042 25423 229 234 482 3,103 3,302 340
Eungbong-dong 0.57 16,696 30.7 29.6 332 3999 2,304 112
Geumho 1-ga-dong 0.46 13,191 26.3 379 317 5,685 2,033 373
Geumho 4-ga-dong 0.84 14,452 40.2 200 374 7134 2,009 211
Seongsu 1-ga-1dong | 198 17,676 50.2 163 244 24,554 1,963 316
Seongsu 1-ga-2dong | 0.89 16413 321 36.3 2838 17,863 2,012 185
Seongsu 2-ga-ldong | 118 18,783 3.6 36.3 5.7 20,775 2,549 412
Seongsu 2-ga-3dong | 1.03 12,056 75 518 39.6 19472 1,638 125
Songjeong-dong 0.68 11987 475 297 246 5,956 1,564 358
Yongdap-dong 2.32 16,687 221 374 322 12,588 2425 558
Wangsipridoseon-dong |  0.72 27582 224 376 39.0 11,671 3,190 504
Geumho 2,3-ga-dong | 0.64 24,735 190 481 282 4,041 3,584 425
Oksu-dong 1.95 27453 55.9 232 185 8,267 3513 266

" The number also included area of lakes, marshes and rivers
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Table 5. Socio-economical status and environmental factors in Dongdaemun-gu

Administrative Area Population Percentage of | Percentage of build- | Percentage of imper- | Tree canopy |Individuals aged >| Basic living
division (km®) | number(inh.) | green space(%)* | ing coverage (%) | meable pavement(%) () 65 years(inh.) | recipient(inh.)
Hoegi-dong 0.76 12521 339 443 189 4474 1417 147
Hwigyeong 1-dong 063 14,589 9.0 60.0 211 7241 2,134 312
Hwigyeong 2-dong 1.05 25,205 33.0 32.3 290 9171 3,360 343
Cheongnyangni-dong | 1.20 23063 335 374 262 13,176 4,900 1,037
Yongsin-dong 161 32,957 11.8 4.1 399 25,077 5393 1,000
Jegi-dong 118 21,770 8.1 463 430 26,166 5105 889
Jeonnong 1-dong 119 29916 8.3 464 365 20,001 4983 1,126
Jeonnong 2-dong 0.86 20,436 349 343 210 5,737 3138 473
Dapsimni 2-dong 0.85 29,7122 239 389 364 11,491 4,761 765
Jangan 1-dong 1.25 39593 164 405 407 18441 5282 739
Jangan 2-dong 1.09 31,447 20.5 413 363 10,060 4,106 630
Imun 1-dong 1.04 31172 16.6 572 181 8,346 4431 696
Imun 2-dong 0.69 22454 229 39.8 229 6,933 3383 565
Dapsimni 1-dong 081 25,166 155 380 443 23487 3325 490
* The number also included area of lakes, marshes and rivers
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Figure 3. The characteristics of socio-economic status and environmental factors of 46 administrative divisions
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Figure 4. Distribution of the normalized difference vegetation index(2017-06-12 sentinel 2a, green(left) circle - apt group, red(right) circle -
single and multi housing group)
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Figure 5. Distribution of the land surface temperature(°C). White area represents pixels of water and clouds and excluded from analysis.

P AZVLES AFAAATN SARAS AN 2,
0 . adjusted 7= 067701203, p-value: 0,001 weko] ek A+12]
HAZT} 8 Aol ARV} Yrke Az ode] A
HE R T A3E 3 $AFICH Yoon and Ahn, 2009 Yun ef al, 2013:
] Kim ef al, 2014: Weber et al, 2015).
L 0 AR 543 8742
. T T 9 ABAN S5 372908 JUAAE Table 63
” 0 o otk ol A R AAAA Y AANA T E ARHEE
S F94 ABWNE YehhE HA2S B2 Ao} At
o . e e e e sl e (B 29, 074 L 19 A4 A0l A 53
residential and commercial sub-districts of the 46 ad- P9 S 199 17566m” HA7F Avsd, 57 85
ministrative divisions(Temperature =14.53xNDVI +30.96) 124’ B39t B2 75 FEa1 JE LAY

Table 6. Correlation analysis of socio-economic status and environmental factors

NDVI in residential and | LST in residential and | Percentage | Percentage of Percentage of Percentage of | Percentage of | Percentage of
commercial sub-district | commercial sub-district | of green |total impervious | individuals aged > | children < 4 basic living living alone
(2017-06-12) (2016-07-22) space pavement 65 years years recipient aging person
LST in Residential and
commercial sub-district 0827
(2016-07-22)
Percentage of green space 0567 05217
APeroerAltage of total 0580 0537 0965
impervious pavement
Percentage of individuals 0193 0987 0308 0352
aged > 65 years
Percentage of children 0484 06 0311’ 0268 —0469"
< {4 years
Percentage of basic ~0345' 03%" ~0201 0232 074" ~0.306"
living recipient
Peroentage of living o401 0508 —0299° 0336’ 0876 05w 0699
alone aging person
Percentage of ~0315' 0370° ~0328' 033" 078" ~0358" 0827 0602
disabled person

Pearson correlation test, pvalue: ~ 0001, 001, * 0,05
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Table 7. Results of multiple regression(Y=X1+X2;Y=NDVI(Model 1), Y=LST(Model 2, Model 3), X1=Percentage of building coverage,
X2=Percentage of street tree canopy(Model 1, Model 2), X2=NDVI) (N=46) and linear regression incorporating only X1 or X2
with their corresponding AIC values and significance of predictors indicated by (p<0.1), (0 <005), " (p<001), ™ (p<0001).

Coefficient Standard error -value AIC Adjusted 7
Model 1 0528 0023 23470 —287.60
Percentage of building coverage —0,002 0.001 -3515" —278.00 0475
Percentage of street tree canopy —0,029 0,007 4228 27371
Model 2 26.777 0.354 75.566 —44993
Percentage of building coverage 0.334 0,009 3.866" —40.103 0389
Percentage of street tree canopy 0.282 0.107 2,636 —33.318
Model 3 30.204 0511 59106 —74.923
Percentage of building coverage 0012 0.007 1.695 73942 0601
NDVI in residential and commercial sub-district —12.682 1731 ~732%" —40103
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Figure 7. The distribution of housing type group

Table 8. Mean values of the normalized difference vegetation index
and land surface temperature(The number in parenthesis
represents the standard deviation)

Howsing © NDVI LST LST
EUPE | 017-06-12) | (1994-07-26) | (2016-07-22)
Single and multi | 106 479) 31.3(0.86) 293(0.87)
housing group
Multi-family 0.154(0,100) 309(093) 285(098)
housing group
APT growp 0257(0.146) 311(1.00) 273(0.79)
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