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The Effects of Urban Forest on Summer Air Temperature
in Seoul, Korea

Cho, Yong-Hyeon - Shin, Su-Yung

Dept. of Urban Environment, Seoul Development Institute

ABSTRACT

The main purpose of this study was to estimate a new regression model to explain the relationship between
urban forest and air temperature in summer, 2001. This study consists of two parts: correlation coefficient
analysis and regtession analysis.

According to correlation coefficient analysis, thermal infra-red radiations of the major land use categories
found significant difference in each category. However there were no significant relationship between the data
(thermal infra-red radiation and NDVI) derived from Landsat-7 ETM+ image and air temperature at Automatic
Weather Stations(AWSs).

After estimating various regression models for summer air temperature, the final models were chosen.
The final regression models consisted of two variables such as forest area and traffic facilities area. The regression
models explained over 78% of the variability in air temperatures. The regression models with variables of
forest area and traffic facilities area showed that the coefficient of the first variable was even more significant
than the second one. However, the negative impact of the traffic facilities area was slightly greater than the
positive impact of the forest area.

Consequently, the effects of forest area and traffic facilities area were apparent to explain summer air
temperature in Seoul. Therefore two policies have the most important implications to mitigate the summer
air temperature in Seoul: to expand and to conserve the urban forest; and to change the traffic facilities’
characteristics.

* ool BEL 20IKE NEEHA AL AFuld A% A7 47 Y



20025 10A)

2ARY SE g7 AzEs 29

The results from this study are expected to be useful not merely in informing the public that urban forest
mitigates summer air temperature, but in urging the necessity of budgets for trees and managing urban forests.
It is recommended that field survey of summer air temperature be performed for the vadidation of the

models.
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Figure 1. Land cover map classified from Landsat-7
ETM+ data (Jun. 3, 2001)

Legend: ##% : Urbanized area; Crop field:
B Grasland: N Forest:
Bl Water body: B Wetland:

(—1: Denuded area

Table 1. Error matix of land cover classification

Referen Correctness

Land cover. 1/ 2} 3] 4|5 6] 7)Sum (%)
1. Urbanized area | 17| 1| 1 11 20 85.0
2. Crop field 111 1] 1 1] 15 733
3. Grass land 11131 15 86.6
4, Forest 1] 2]12 15 80.0
5. Water body 1 131 1 15 86.6
6. Wetland 4/ 1] 5 80,0
7. Denuded area 1 14 15 933

Sum 19| 15 17] 14] 13| 5] 17| 100 84.0

4 AGEY A MUE

AEH QlojA & B A4 F EAY FHEEES
A9 27CelZ, ol 3¢ 7~14mn ol L2}
o, HPEARE 97mAl A dojdth. o AL 74
el 9ot &eko g B 4 JOER ol ZA|g)
7] sl dFAAIY UFA Landsat-7 ETM+ $14
Gel 6 WEERE AW 258 7¢ 7 AW
(BRI 5 1999). 2& SHLE HA7F BHE 94
g7} 6 yEe] the DN(digital number) 32 &
siged, ol A £AEM AR 2EE

t

r

2L G e BT 5(1996) 2] 3ol
met 4 13 ol +3 ARAYATE ST,

A NDVI=({band4-tand3)/(bend4-+tand3)+1)x128 (4] 1)
5. X=ze| Jt=

1) 9498 edaae S e

£ AFollA o] Landsat-7 ETM+ /49789
band 6 BHAA £3) 22 FUHHEIF 60m<60me)
oh I3, AR SHAA WA e 28T
Agrd, B o719 £44 dE-g5 £2, o
7-ERANS 2= BASY, 25 A S 2

24 237h BAT & Uk B olF Fetste &
2 o) A ool T Aste) AT VIY A4S
272 QA8

02 98 WPYL olgEd, F0 4 42
3x3, 55, 11x11, 15x157) & 4] 7+A1¢) 749 (kernel) &
Mg sl 247 1 3092 g A9 3RS
@ Ao FIAET GmolZe, oEe 244
180m, 300m, 660m, 900m<] # ¢l s gsch

2) EXIE HEAR S 7H

AWS AR 713 FHo EAold 3 MEAH
ko) AL Skl sisky Adest g
(2001)& MEA(2000) BILE HIAE F EXOlE
AEE ol&dtd] AWS AYL2RE ¥4 500m W
He] EXolgE S FEIT I 2 wFAEA
AHo] Y25E 7|20] w2 W, SAUHY F7=
o[} ¥l Ags vehdS Lokdlnt I AWS
AR BRE W 500meke A7 Ad A4 94
AR gt A7 FESAh

webd 2 drde Ademsh 420009
TAIE HIEOE dE, FRYS AWT 7 Y=
HE AWS 7 AH L2 RH 100m, 200m, 300m, 500m
2 O AEstd Wi & 3 os EXOEARE 7
atd AWS AMCERE ¥ 100m, 200m, 300m,
500m o] EXTE fEE WAHES HEUT



32

i
ofp
[5:)
>
P
o

UREER2EEE Vol3, Nod

3) EXoj&xtg e AAty Mgk

ANEA EAAEHERES 9 AaE YE P &
Fddl, 918 A&Y A5 WA AFFE &
F9o HZE 93] TANHART ] EX|o] SR
A 223 ARE 119 SFEFAEA, 20008 715
oz 7HEsld AAEE NDVIZ LAATIZ
0mx30me) Az} 3715 7HAEE WEA, ok
EARE ST B0 F §3 A8 A ARHFS F
AAHEE NDVISH SAAZIZ 0mx30me] Az 2
V& THAE AP ARE HESIA,

4) AAY EXNRERF A59 FAAre F
AR A4

HA AZAN2000) BAMHEZREY] EX|o]§x%
2001 GG ARAARE ARzt thEiA
AdE HAste] BANES A& F, SelM A
A AAZE 7 EXolS RS HIQF REE of
HME 712 x AZ Z 930m(30m F32 A=zt 712
x A2 Zb 3INE 7AE) H9 o] dEuee 73
ok 2T AFHAARSE 3ol diside 2 #F4Q
7k x AR 7} 930m Y Y e TS 3
A #EE 712, AZ AN FAT olfe ol
EY w7 dsle] nE finT £4& AN A% 7t
Aol & FAe) ¥ 500melsty) wiEolth.
o BRI 5(2000)9) "F-HY LA} 167~
260m" 2 ST AT} da 20l E Kol By
g Jdou) B A7 FEol 2EdstAR ] st
AEo| opjuE AHH|wE ezl AdEch

Aol o3t EHE A5 ¥ AR i)
AlA Gojzl Aoy 0|22 R A&dd 2
FXEE FAY T ATHYAH T, 1995). Landsat-7
ETM+ SAEE AB2E2 W= NASAA
AAIGF Z24o] JrKLandsat Propct Science Office,
1998).

K

L

il

1282.71/In[{666.09/L) +1] (4 2)
[(1265-32)(DN-1)/254] + 32 (4] 3)

I

o714, K = dAd2k
L = $33%
DN=band 6 4N F4]

gL AUEEZ AEH7] g YNEEE ¥
gs}7] YaME 273158 HelA ok gk

o] Walhyo) <lgiA 20013 6% 3Y YA Al
& A2d MEgA ARH 25 FEXEE Figure 28
ok Z1E 20004 69 349 714A BE Pl
2 238C, 3 312C, HA 170TCoIit

rlo Yy £

SEEREEREET)
yol @H9)N FA(AR
w Aok £2 WAL 37 Sla) A8 A
g o WOE FUE ARY LEY 4BV
g on) 238 7ML

rfo
ul
e
(i,



20024 10A1 EAR o F gr)Es Agas) 33

« 7V "B 0F R8d o AEH 227} Apol} o F9 YN FX94e FAEHAH AdAF
Jom, Qe o] & 7¥E7} ES5E XEH 2ot ¥ 7} -0.64433(p<0.0001) ©) 22, R? 2+ 0.60662.24] 37
th &, IEAAAE L FOIY AUAIN L EFY A EH Ao AYEE 27988 AT A 4G 22 Ao
LEE B, SAH|LFOIY FAHFY A EH & 2 YE
T ¥y

) ATHAAATE dHAY $A9 B

ZAZ vPRe S (2000) EANBEBIEY] 8] 0E A2 A5 DA QM A9k AnaA] BEAA
F3e S £33 AEFL GRID A5S A 3 AAASE -08665(p<0.0001) 013, R? Zhol 07509
At H9FE #3F 9494 Landsat-7 ETM+ 24 AU 71 22 203 Uehgd

A',
g:
3R
o
53
=
D
[y™]
o S
—
e
o
o
N

£ Holk W2E $3L BFA
WA, EFYA, FEREA,
A7) £, 4, 34 2 54

2 GA7L AKE L= 1 b
AW, EAANEYRY OE £ AR

o

—_

oXN

ey

i
fo
b
o
p

okl
of:l
ofo

N

o
o

5 A
O

A vetsd,

. o
A
)

(i

Unbalanced ANOVA

% m FAEHE ANSGT, 8
o,
=2

5
ol
-

2 oN oX

7 AR

A E 22 S H 4 Al A3 vl
F50] F 657NN AUAA AR EH JATr Zo)

7k wlAske) BEge) BojH)

2) B 229 @AY ;A9 FHARA
AMEA DFA G (F 1/494) & g2

4) A713A5% 7183 ARY 2 FAx 90
A7

AWS 7)&3} NASA 29S FE3sl A2y A%
W2k e AN R334 Z7Hh AeldlE
T8 4BBAE FAT £ AU

7183 9RAY A, EASE

24
fu &
ot X
v o o
X
4 033
ol
3 A
of

2,
o, o
0
rir
N
ot
2
b
i
ofN
o
o
L
o2
o
IR

L g o

w
o
e

= E 2
4y
fu
rir

> i orle

2

Ay
(e e o1
=)

I

i ?‘é ox
tlo ~3 ox

o

e

oy

g X M
s
o

,_\
&
=N
X

s
oX

r o

M

i

i,

<)

do

o
r 3

TEA
|

[
] 5°

i
N
=
3
=
2

-

o,

[t}

[&V)

ok

P T

o g
. B
Yo
I8
4y

j—i
BL

23] R¥} 0501“01
2=069), NDVI(31)(R=065), 55 A
4 FA(R*=064), 11x11 A& 2703 &

oy B B X 1o

AN
T
wg CI0 f

o

=

)

Table 2. Grouping of major categories of biotope types based on Landsat~7 ETM+ band 6 data

. No, of Tukey Grouping Estimated surface
Riotope type samples Mean + SD, F value AlBlCIDIEIF| Gl H| temperatue (C)F
Transporfation facilities biotope 17,620 17827 + 1042 . 4491
Commercial or business area biotope & 34954 17734 £ 986 . 450
Industrial area biotope ' ’ ) )
Detached houses biotope 18423 17525 + 998 * 4357
Urban infrastructure facilities area
bictope 17,304 17483 + 1077 TT448.9° . 4320
Apartment houses biotope 14,162 17442 + 720 . 43.39
Landscaped green area biotope &
Farmland biotope 11916 169.78 + 1101 J 4111
Forest biotope 42,526 157.26 + 11.32 . 35.32
Stream or wetland biotope 11,778 15396 + 1533 . 33.76
Sum 168,683

#: p<0.001

°: The surface temperature using NASA formula
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Table 3. Estimates of the regression model for average
air temperature in Jun., 2001

. Parameter | Standard
Variable | DF Fetimate Frror t-value | Prolt]
Intercept 1 2551347 041644 | 6127 [ <0001

VE« | 1| -018794 | 003866 | -486 | 00001
VT | 1] 01925 | 008058 | 237 | 00290

Table 4. Estimates of the regression model for average
air temperature in Aug. 2001

Parameter | Standard

Variable | DF Estimate Error t-value | Poltl
Intercept | 1 | 2605117 | 042863 | 60.78 | <0001
VF. | 1| 014138 | 003610 | -392 | 00009
VT |1 ] 040000 | 009839 | 408 | 00006
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Table 5. Estimates of the regression model for average 250 B Tt T
air temperature in summer, 2001 '
240 -
Varighie | DF | Fameter | Sundad [ gy
Estimate Error 330 -
Intercept 1 22.80239 0.40461 54.46 <0.0001 ’
Fx 1 -0.01291 0.00343 -3.76 00012 22.0 -

log{Titl) | 1 041549 0.14265 291 0.0086
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Figure 3. The interpolated average summer air
temperature in 2001
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