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The purpose of this research was to three-criteria landuse-pattern, developing density, NDVI which were re-
lated to the heat island and find the distribution characteristic of urban surface temperature and urban heat island

effects. The results of this study were as follows.

According to the analysis of surface temperatures, the first grade was the outside-city like a mountain and its
temperature was less than 12.18°C. The fifth grade was the downtown industrial area and its temperature was

more than 23.54°C. It means Daegu-Metropolitan-City has the serious heat-island effect. the results of landuse
pattern analysis, in case of fifth and forth grade, city area was occupied over 90% with residential, commercial
and industrial areas, but in case of third grade, openspace was occupied over 70%. The results of developing
density analysis, the temperature had high correlation with building ratio, road ratio, vegetation ratio and etc. To
plan for the decrease of heat island effect needed the extension of green space, decrease of paving, but there
was a limit to get the objective method for grade classification because of lacking in the basic data, the research

of criteria will be accomplished continuously.

Key Words : Heat island, Developing density, NDVI, Correlation analysis

Architecture, Kyungpook National University, Dacgu 702-
701, Korea

o) AT $4 #) B ATE A

LA 2 FA I 58 =AE EA0lgol FeHol
AT Ago] wasim Ty} Zske] we A 7] Wil ugs 1%t AZAY ned A
NAHoZ =As7 w2 Adgn glor T4 o2 F4"E Ao AT B JTFE ¥
o FEE Az AdslA 7tz Atk old s TAle I oW ols EA JIFHATHA FHA 7
BFe =z A w2 AR 27} wAsH O FAHOZ AHFH o
o B 5 ARHY I AHE HIATIL T4 o]F FH3I 3 AN ¥4 9977, E
TZES FA% F718 2dsha o, Aol gl g N5 53 g ge a7
ol W& WrjgA] BFAA Aoz mAE 7L o FAHUG 53] ZAIEA FHI2E
FWFHE UE TA B89 7132 gA4stn 9o FEAA HELES G HHE FUE A
o, 44og dagle ARt BEFZ d3Fr T 43E EASAY A PP =2A 7o
22 gAHEN =Aee A Asdn e T F doE 3o o A gaag T
E ZAEAEF o -G JAAETRY 3t
Corresponding Author : Jung-Hwa Ra, Department of Landscape AANE Tolate] EAAEY S5 Bxo) A3e
Fe
2l

Phone: +82-53-950-5785
E-mail: jhra@knu.ac.kr

611

Ao, 3y mAAd) b ARdes



(L o o
>
2l
m& re
J?ié
_Ll _1_4

m[m o

d-rEg Al 20009 A EW
R R PR
Adstant. 2elv ARY
b & }E} HaA vehdr] i d

N
T

O
_

o3
[<] 1
Hlg) okd7ix) REE A4ole AR
ez ]
-

>

e

=

oz

(o3

i

Ry
2R e X e
o 2wt £SO b OB M gm

¥

L I R A BIPt olFod & YAD wh, A7) P
A9 ko F3HA Fxeh T HAPHA TS 1ELE SeHEetl 18 EUE 4 539
A g e BEANERY, AuEE, AAASs F AlEE =23t A Ave AAQ HwE
9 8179 BAE TFHEY, 1 ANE EdE ¥ st
F EASAAYY &8 7}‘6¥ J|2ARE 753} 99, ER ZAFT A%

*‘\:‘E" ]'Zo & "] e ‘T‘M

S, dFFGAY 1270 A}Bﬂz]% Aoz GIS
Landsat TM 6 band®] DN #& &85} o733
Al ARYE 2=US FE3909, o] e EY o o

=1 =] 5
2 EXolgdH, AWUs, Y4 AgH & o5 T T 0
£ B4L GIS 37 2A71ME B8 st %‘_’;j] ij};?jA] gj‘.,gf lggg wES gao
Ak £ AXA LRGH 4 A5E A HAN L L0 e aa adel 4o a8
& mEeel 1 ARE BU2 R AR 5 goge mwes o4 3 4 5ERE @
SES ABAL A ANT SReRen, o FEol ¥z Eshu
RE 2718 AD(TAIZA R A Wb 20kn)u) o] &
2. A% H  Eag S D1 e 2ame B oA
21 =A ARY & 24 o] B ZAME AAEYC
£ ARY 2RS EH3] A% Landsat wasize A% 50m(19625m, oF 2,000m) ¥ 9

IM b3 A¥IARA0DE BEHE o sen equmghst gReAst Aoe
Band69] DNgk2 F&dto] AR 258 &34 7ze] ATE A a9 2000me} 58 kel
ot =% Band 694 HEE BHLEE Standard Ao TAAEY ZATdUde AWzl
Deviation Fe & °1%¥°4 BEBEI P AE ome00mhaE ST 4D BE 24}

15304 714 2 55808 dYex 149 55 Ao )

Sew AUt Aoe gAY Aee Aoy T IS WS Fig 29 2g,

oy 23 £4 AXY £E45 9¥ad 17
ARW 252 233 B A, 2] A A} A3 2EE gFadle S -

QoA AFFHE AYARERH AR 2 TY 2 APARE Edz dgsgont™ 5
3171 $9%F A Cubic regression mode(, k=206.127+ 3] =4 7120l EXo)gdd T 7 “)MgEHx‘io]

LOSXTME-0003714xTM6'+  6.60655x10 °xTM6") 8¢ 3% 2T BAE 4)7};‘1 ivke dgd
& g43gon o AL Eale dojAs ex: TF FHHORE LR 53 TAGHY @
AYLERH (C= k-273015)9) AL olgsha 4wkl EF8, ol8Q=, ¥4 iz‘gd) Lo
ALE2 Adshgoh A HRE & 4E4e ne drante g

! Only 3, 4, 5 grade over I

average temperature price

were selected in the surface |

temperatures areas. !

——

Surface Selected 4 :

i | temperatures of sample regions Selected total 12 | |

| | Taegu-District was from each regions. |
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Fig. 1. Process for selecting sample regions by stratified sampling method.
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EA ARY LERE 54 9 Gy9su
Grade No. Sampling region
® Daegu 3 industrial region, Nowondong,
- Bukgu
Grade @ Donga department store, Dongindong,
5 Junggu
@ Bongsandong area, Junggu
Sungsu industrial region, Dalseogu
@ S dustrial Dal
®  Junglidong area, Seogu
Grade ® Bangchondong area, Donggu
4 @  Songhyundong area, Dalseogu
®  Jisandong area, Susunggu
@  Sinpyundong area, Donggu
Grade @ Yulhadong area, Donggu
3 @  Daechondong area, Dalseogu
@ Bulrodong area, Donggu

Fig. 2. Sample regions in each grade.
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Fig. 3. Analysis map of surface temperatures of Daegu-
Metropolitan-City(2000).

o 4Ee $HLE 159U ALde gYHMUe
o, B F47 dHE 3UA9E FH0E 5%
F agde] S =ASPAYe) F3eA
Uit 2oz 24500 199993 2000 2
A EANEHY Aot 249 HFTARA 71
EL ARos AT A dotAs e B
d v ole BAR die AFAA 2<19] o]
& =AQRAG A A GFE vHT Y
€ ¢ 5 I

Fig. 39| R nlel o), Z3{FAAYAR),
MTHFAANLRAY), gMTH(FHAAY) So] &
2% BEXdE 431 e Aoz yegon
ddidog B xgo] Agog °l oAz 5+
dAZgM Fe e BygE PYAsn Je A
oz BALUY A 1P AMW P B ?‘&
HES Jellle $79 A4S dEE 2A4% ¢
FPAPDER o)A AFogA 19999, 2000
T A7) BF 24T ol g & AR S
7}11 ANCE T B M e T A F

“o] 4 1

S

do
18
ro
gt
2,
Ao
e
ok
R
32
fr
)
o
ol
[eC
=2
o

£

S
ol
o,

o o2
ri
N
iy
s

=X
2)
=o(=l
32
e
N

e =
i
oft (17
o
_o‘g
fr
>lu_,
i
M
iz

flo b o ot
Moy 1% ool
| % G o
ofN
4
2w
Noog
-,
o @b
L
Bk
l
>
39 0% i of
2y wo

o
£
Sy rfo i e wE Ip ) -

o5

mﬂﬁﬁ

n:}ir_Yl F{II‘_?_I
5 oft
(1
&

i X

2

flo 18
X
o
fin'd
®

4 o
re
o

18 o
1 2

fijn
o

£ g e k| T oly
O

1 2
=2

O,
ol
o,

N
rx Hl
o, o
o]
do

o 18

A

piet <4y
rlo ol
[~

U
B

=
o

e
4"/
o
A

]
v

<

2 oto Jr R o g
WOE,OH?.
oo 1

2
u
Y
(o]

o
R
S
L]
©
1
>

M

A -
i o
o =
ffr t
>i gk
tjo Z—E
Aok R R
2

g

X2 1 Im S e 9 by
i

T

°

4

>

o,

. (2
%
M
bl

o e EAo| L3
(Table 1), 12.18Cujute]
%L}\L 01_\?_ ;(]o:iJ,]. 1:1—/\4;-
A 9 4k 1AY o)
A9 366/o°ﬂ Fete AoE Yebg
1218T~1597Crigtel] sgsls 253&
2ol 4397%% Wi w2 WAL A}
ZAIH Qo gRE TAXAH 57
A 28 =AY AXY ¢
g Xt Aoz BAHIJY.

1597C~1976Cu|Rte] 353 A9 A%, AA
HA o] 4726%2 7} BE WAL RS Ao
Z Uegow gy 573X 2 24 A9, 459
EA L AR FFA] A Go] o] ]G3}
T RO ZAMY 81 2354T ool 94
2z HAQl 55F &3t A9 E4AAY
I R FExges depdow Ax wHAe
031%9] WAL AAse AeE BAHY]YT

I 1999 o g
ALV} d7BGA AR E =
Hg 4% Blws] BYd vl 200040 WTFd
Al AFH LERTE= HAubA o 19999 7} 3
A dehgom T A7l BF ©4og &
7} FolA Al EAQHOE AR Yo}z
A EANEHERE Holn Y-S ¥ AT

1999 A= A 13CutelA H1 269C 7}
A BXd o of Al7ldle 13.00T~17.60C

e N 3@

f off
>
o
e
0

o
Tg

o
= oy
wy 2 -]

P>
r-‘,.l
n:&‘i rir
OH
o,
S o rlo
lo )

2

o
r;'ﬁ

A

m

ot R rr 2 f 8 Lo
S

1 X rfe o g
il

>

X

Table 1. The present state of surface temperatures of Daegu-Metropolitan-City (2000}

Grade Surface temperature( C) Area(km) Percentage of area(%)
Grade 1 12.18 under 32.39 3.66
Grade 2 12.18~15.97 under 389.14 43.97
Grade 3 15.97~19.76 under 418.25 47.26
Grade 4 19.76 ~23.54 under 42.48 4.80
Grade 5 2354 over 274 0.31
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Table 2. Land cover type of sampling regions(%)

Urban area Open space Water area
dentiad C ol I . Traffic  Vacant y o - varmlan Flowing

i Coper gy Dok ot G P gy S P
1 0.82 71.26 24.13 351 9972 028 0.238
2 1274 69.70 17.35 - 9926 074 0.74
3 5624 29.51 . 12.73 - 9348 152 1.52
4 . . 70.25 20.53 1.02 9180 820 8.20
5 579 21.91 . 20.13 . 100 . .
6 5213 2151 19.35 423 9722 278 278
7 4990 20.72 16.07 732 9401 599 599
8 5354 12.22 1855 855 9786 214 . 2.14 . .
9 2.27 . 8.24 . 1051 - 3309 &3.09 14 14
10 907 . 11.96 417 2620 - 74.80 74.80 . .
11 053 14.31 325 2836 4645 5355 . . 53.55
12 1241 7.01 2.08 - 2150 78.50 7850
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Fig. 5. Land cover types of sampling regions of 3 grades over average temperature.
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Table 3. Analysis of Developing density of each
sampling regions

Percentage of Percentage of

Grade  No. road area(%)  building area(%)

1 2413 56.41

Grade 2 17.35 63.82

5 3 12.73 63.44

4 30.53 65.23

5 20.13 5755

Grade 6 19.35 56.21

4 7 16.07 57.12

8 18.55 B53.79

9 824 1.23

Grade 10 11.96 589

3 11 3.25 722

12 2.08 12.64
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Fig. 6. Map of NDVI distribution of Daegu-Metro-
politan—City(2000).

Table 4. Analysis of NDVI distribution

No  gonbution  Aveatts)  PerCentage of

1 -094~-055 221 0.25

2 -055~-025 1699 192

3 -025~-006 162.49 1836

4 0.06~0.36 174.9 19.77

5 0.36~0.67 401.44 45.36

6 067~097 12691 14.34
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Table 5. Analysis of correlations
Surface  Resi-  Comm- Indus- Traffic  Vacant Park Grass ~ Perce perce-
temper- -dential ercial  trial  facility land area area . Tage of ntage of NDVI
ature  area area  area area area huilding area road area
Surface Pearson 1000 -103 193 .73 610 -3B 546 -3 72" 68310 -780”
temperature Sig. q49 M7 00b 028 230 066 310 005 028 003
Residential area Pearson 1000 292 -466 311 -151 132 -308 526 311 ~409
Sig. 36 127 325 640 683 330 079 325 187
Commercial Pearson 1.000 -.382 AR =107 -086 -035 468 138 -427
area Sig. 221 668 q40 790 915 125 668 166
Industrial Pearson 1.000 50 -4 419 -1 328 520 ~439
area Sig. 083 653 17 676 298 083 153
Traffic Pearson 1000 -363 398 -507 7937 1000" -795
facility area Sig. 246 200 003 002 000 002
Vacant land  Pearson 1000 -084 97 -341 -363 291
area Sig. 7% 000 279 246 359
Park areq Pearson 1000 -212 o4 398 496
Sig. 59 . 087 200 101
Grass area Pearson 1.000 -414 =507 364
) Sig. 181 093 245
percentage of  Pearson 1.000 3t -9t
building area  Sjg. 002 000
percentage of  Pearson 1.000 =795
road area Sig. 002
NDVI Pea.rson 1.000
Sig.
=« Correlation is signification at the 0.01 level(2-tailed)
% . Correlation is signification at the 0.05 level(2-tailed)
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Fig. 7. Scatterplot matrix of correlation analysis.
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Table 6. Multiple regression model of surface temperature, industrial and commercial area

Model Coefficient R-square F
Independent variable term(X1) 9.039E-02
Independent variable term(X2) 7.367E-02 838 23292
Constant term 18.177

Table 7. Simple regression model of surface temperature and percentage of road area

Model Coefficient R-square F
Independent variable term(X1) 232
Constant term 17.092 399 6630

Table 8. Simple regression model of surface temperature and percentage of building area

Model
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Independent variable term(X1)
Constant term

7.273E-02
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Table 9. Simple regression model of surface temperature and NDVI
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Independent variable term(X1) -8581 _
Constant term 20.285 08 15533
9 3942 v 2o 7} ARG FolA B(-)9 ARBAV dE Ao
) 2 ENgglen TR BE, AuAF ghol
oy e e (0TRE M A et % 97, 254
o ‘: o A, dHE 5o AEH 2EE A5l an0t
X1 = 24§ e WE AMAF So| s1es AgATed 7]
3.3.2.3. AR Aile Aoz FAEIL
ARA 2x9 AR F dEIARA Ay 53] 3| AEH Ay EXNAEGFE & FUAYG A
(Table 9), AXH 259} A9 GE3AREY AV AXsle WHo] YE4F 257} FolA 1,
A @2 2o Ay wdd #A3F F-AAF e EF TAAY 9wz wztg s oggo] A
FA+ 15533, frox 000302 47 1%0x  GA9 v99d Hez A3 JFFRg ¢ avge
ol Aol A=A RAE ¢ F AU
AAF IAATE A5l 20285, FAE ol#3t AAEL ArlM =59 g7BEA A

000028 FoF 1%AA fFoide] AAFHANT,
HRBAFE -858], AT 000322 FoAFF 1%
ANA FoAe] AZHJD Durbin-Watsongh 1.825
2 ANGBEEE FAY 5 ' 29 7k He
2 Jeld, 23] Aty & 4 ok

=29 A4 e 2o

Y= 20285 + -8581X1
AZIM, Y = AEWE &

SEL s

X1 = 4425

333 @

A7 B FFEN AEH
MAE xSl wAY sfot
AB4E stetsl Bgrow 1
AW LE ¥ JYARNE
% A3k, JFFYN A%
g 3 39N wEAA, A
B 44A%Y BARNN FI5E 1614 57
3 gl FEsgdon RAA s Nz
29l 4ol Wl %A ek

FYARE AT AAuD, A8 22

& FolFE 1%6UIA FBAT %ol (10795,
Ad AAEE Fo5E AN FBRAS
o] (+)0.793, wEAEAH} ABAFE FAFE 1%
oM AEAS el (0795, AL AHAF
957 19604 FBAS ghol (09T 5
TR JRUAZ} TR Ao Uy
ot 9ReAE olx AHH AzARol

Aog NG 4 AUk ®E AW L9
AW LEsh AR ge] F)e FBBA

2

oft o

o £ ¥R W

M

o 30 &

o -~
A,

620

EEAA BE vt o], 7B
BES] AXW L& RERE A
A8 %7 3398 2 443

M

ol B&3) givte S F9T F A%

FH A AR 29} HYASF Apoldle F
R F(0)9] ARAAVY EASL e AoE F
AHAA™ vl =27t AW & Aol FAHZH
7L AsS A F2 AT ole AULEY
NDVI Atolel] 518 F(-)9f @A EAst
Johs AL ¥ v e A7VY fALE dns
HoF3 gl

A
B dFoME d7EgdA s gz, NEY &
59 2748 B2s} 1o AP JFS v]A &
JE BRJAEFHY] AAE FHIARI, o5 Ef=
FE TASAA Y BEIts V|2ARE AT
sl b 2 olelzh Al
B 479 e v 2o

=

L

4.

AR, 19994, 200039 th7F A ARE &
EXEE UWEd, § A7) 25 A fAke 2
TG HlEe] qHAY AHe FHLE 15F
A ALYol FAHINLH, TA FAFY R
THAYE FHOE 55FS Tego] FAEHo
ZAE A ] dAZ Aoz AU



8, 459
90% o4& AR
TEA, FEA T ﬂ\ AR AoE F
A]—EJOJI;} il §)371~ L 3234 .-b‘]- }\]-a:]]
AL QEX2F o)~ ﬂlg"] °1 70% ©]’-& Viebd
Aog YeY, 453, 5539 £ ANHEH=
ERTR G BL Aol7t AT

AR, NDVI #4725, 74 sjtor 239

g SIRAY LBE FHO2 T NDVI @
& Uesor, £4 S5 g Fuxd
o8 W& NDVI #& Yehles o= H“E]

2

L.

38 ofN m

2 oax

01

=

Eﬁd‘ﬂ‘; 11
2

[}
=

i)

% o 0% ol40% &Am on, 4552
=280 oF 20% Fvte® VEhgon AHE
60‘7 ooz FAHAY £33 3539 A
3 AEgo) o 10% vgro 2 Jelgo)h
AXW 5ol A RS 7to] A
A, aEAEY Ade nEAES &
iﬁ}%, WFEANLY AR, YA 24, A&
34 =23, 74141“ AR, 2o gm A4
AgE 47§45 1%UdA EARSZ §9
3 B4 5o %‘%ﬁﬂﬂﬂ =L ABAHL 793

L

o rlo ot rt M
-(0

b

A

H,

2 d
S >*
>

=)

X

@i ol SHHoE Ex
e FAHA 52 &% weto) o}

Aeg AR Jef £ A
P dgaciEd 434 devt
SR
) 2

rE

g

Hﬂ )‘]‘:{t\]y_ _“1’}' @‘\_ —\f
7b 4L ALE Atg®n

rg = oo rulo

—Ll

=3

2 g8

R

1) Kato H, 1996, A statistical method for
separating urban effect trends from observed
temperature data and its application to
japanese temperature records, J. Meteor Soc.

621

of Japan, 74(5), 639-653.
2) Gallo K. P, Owen T. W, Easterling D. R,
Jamason P. F.,, 1999, Temperature trends of the
u.s. historical climatology network based on
satellite designated land use/land cover, J. of
climate, 12, 1344-1348.
BB, LS, AEE, 199, Folthg
2 % AREE 3 =49 94 B,
R 71A), 8(2), 713-82.
4) o]89, 1985, M&9 TA7|&o] #ak A,
AR, AH IR, ol g
o]%/;} 1990 C}\]gu E_@'oﬂ 010}}\-1 T_—H:l ]’
1Y Aol B3 AT, ALY =E, SAA
g&7 Hgush, AL
S93] WAZY, 1749 1994, FALGe )
54 A7 € girgainde e sAA4d
Aol ek Akl AT, S=x13EsA), 3002),
303-313.
FEE

&4
SR

13

d}
-

6)

2, Blx)g zahg AU, 1999,
zo}ilz}ie OI%GP A&9 71es

7)

o] 29, ¥47], 443, 19%, E/\]%"XM 71&
2 AL gdgange) B3 41, gz,
24(1), 65-78.
Oke T. R, 1987, Boundary layer climates
(2ed), London and New york.
Gallo K. P, Owen T. W., 1999, Satellite based
adjustments for the urban heat island tem-
perature bias, J. Appl. Meteor, 38(6), 806-813.
11) Landsberg H. E, 1981, Urban climate, Academic
Press, 275.
12) Spronken S. R. A, Oke T. R. 1998, The
thermal regime of urban parks in two cities
with different summer climates, International
J. of Remote Sensing, 19(11), 2085-2104.
Ehasson 1, Upmains H., 2000, Nocturnal
airflow from urban parks implications for city
ventilation, Theoretical and Applied Climatology,
66(1/2), 95-107.
RN, =R, WS, AFE, BEE, 2005,
SRR grhge A8 Bd AdEae o
7}, e 7EE) =), 14(11), 1005-1014.
15) &-83F 2001, HAf ofgt @At A7as
o [YF A7, WIHXEZANALGA, 36(20),
187 196.
<38}, 199, TM 94A5& NDVIE o] &3t &
T OddES] 3yl edFgAE A, 12(3),
245-256.

9

19

13)

14)

16) =



E ¥

17) 293, o]FA, &4, 2001, dAEAAE S
GISE 83 T HH2T 9 FHF £3X &
goll #E AT, S AHAHREI A, A1), 57-
66.

18) Amold C., Gibbons J., 1996, Impervious surface
coverage, The emergence of a key environ-
mental of a terrestrial index of ecological
integrity, Ecological Indicators, 1(1), 21-35.

19) Schueler T. R., 1995, Site planning for urban
stream protection, Metropolitan Washington

E-op AW

]

Council of Government Washington D.C.

20) A2 z1aA, 2003, TAEHEAS] A ¥
B vl EA gty e Al A 2383 %)) 38(7),
235-244.

21) @}, 2002, A& =4
A 9, QAL Aela,
Mg

22) 43 wiEE, 2002, HA9 FRo NLAR
Guebe] #@Ado] #3k AF, Korean J. Environ.
Biol., 20(1), 10-19.

A EHAZE F 712
A

=g,

622



