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ABSTRACT

This study analyzed the thermal environment before and after the project to determine the impact of an urban development project
on the regional thermal environment and suggested improvement methods of spatial planning. Buildings, spatial arrangement, vegetation,
soil, and surface were modeled using ENVI-met for two urban development project areas adjacent to downtown areas, which are
vulnerable to urban heat. Changes in urban microclimate factors such as temperature and wind were predicted and analyzed. The analysis
confirmed that, in both areas, the temperature increased due to the increase in pavement area and the formation of dense high-rise
buildings after development, and the thermal environment became weak as the air circulation in the overall area deteriorated.
Accordingly, a spatial planning plan for improving the thermal environment and securing wind fluidity for the entire target area was

presented.
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Fig. 1. Hotspot area of Changwon and target area with land surface temperature

*Source: Kim and Kang, 2021
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Fig. 2. Land use of Changwon National Industrial Complex Development Project
*Source: VWorld 2D Satellite Basemap, National Spatial Information Portal
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Table 1. Landuse changes at Changwon National Industrial Complex Development Project

Changwon National Industrial Complex Development Project

Pre-development After-development Variation
Landuse
Area (m?) Ratio (%) Area (m?) Ratio (%) Area (m?) Ratio (%)

Residential 1,032.8 0.1% 304,762.9 31.9% 303,730.1 31.8%
Commercial 760.7 0.1% 50,874.0 5.3% 50,113.3 52%
Infrastructure - 0.0% 82,513.4 8.6% 82,513.4 8.6%
Public utility - 0.0% 64,864.9 6.8% 64,864.9 6.8%
Traffic 7,369.5 0.8% 126,086.8 13.2% 118,717.3 12.4%
Park - 0.0% 193,919.4 20.3% 193,919.4 20.3%
Green 76,547.2 8.0% 105,550.8 11.0% 29,003.6 3.0%
Agricultural 7,095.3 0.7% - 0.0% -7,095.3 -0.7%
Forest 839,593.0 87.8% - 0.0% -839,593.0 -87.8%
Stream - 0.0% 22,4379 2.3% 22,437.9 2.3%
Barren 23,566.5 2.5% - 0.0% -23,566.5 -2.5%
Military facility - 0.0% 4,955.0 0.5% 4,955.0 0.5%

Total 955,965.1 100% 955,965.1 100% - -
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Fig. 3. Landuse of Changwon Sapa District Development Project

*Source: VWorld 2D Satellite Basemap, National Spatial Information Portal
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d

T e A e a8F TARY o8-S BHE V& X1°ﬂ91 8.9%E FALAR, 70.8%S FYoE /sty
ASTHo gt 9 T 247 A R NG S5 A(70.8%), FAEA(8.3%), FEAE(2.2%)0] F7FskaL

% AFAE ToE 2SS A5l Itk Changwon %‘?jxlo—“‘](39.3%), =A4](16.3%), &%1103(9.5% ol g4
City, 2022). Ao = FEHES 1T ARFCEH S Zo 2 AAFEHTH(Table 2).

=9 wixet #este] 25 e 271l 34 = NEAIA G2 LAl W S0l FH Rt =AA]
El A’\ % 8m ol B85 FEE X A W ==, AollA Y S FFS A== ArE =AM
HPARr e, w4, v &85 AASHL Sl 5T AFem, 7| FA] 9 Ao IR AR oA A
A 2SN 5455 SHSML 5, & LEARA H = MEAEolge 88 7 vhd Aol e
AE AFOHL, =A% B A Y] 550 £83h= AFE B AETIMIAGA AMEARY S d A JAE A
HAAE S FEsHeS Astal Ak ZEu, s ARRIA] Stes Astal glor dego] 384 IF= € &
AT sEFHEAE 7t2Y AY 155, 1774 & U= 8aS0] vl F wrgE AR At 2 Agd

L0asAIEe] A ohEst vEel REAS ekl ARHIF EARAYE daAeee] QncaAe
e A U Aol F& UAY WAl FHE 200d o 2ol Aol AL slesl, 8 A
390] ZEEU. NS B2ol wEFESA i AIAGE0] aFHow HgHojgrt

Table 2. Landuse changes at Changwon Sapa District Development Project

Changwon Sapa District Development Project

Pre-development After-development Variation
Landuse
Area (m?) Ratio (%) Area (m?) Ratio (%) Area (m?) Ratio (%)
Residential 5,329.1 0.6% 81,131.5 8.9% 75,802.4 8.3%
Commercial 3,801.6 0.4% - 0.0% -3,801.6 -0.4%
Infrastructure 74,554.7 8.2% 69,385.3 7.6% -5,169.4 -0.6%
Public utility 7,936.9 0.9% 28,149.7 3.1% 20,212.8 2.2%
Traffic 136,883.9 15.0% 69,488.2 7.6% -67,395.7 -7.4%
Park - 0.0% 647,565.5 70.8% 647,565.5 70.8%
Green 166,085.5 18.2% 16,782.7 1.8% -149,302.8 -16.3%
Agricultural 359,884.5 39.3% - 0.0% -359,884.6 -39.3%
Forest 86,763.9 9.5% - 0.0% -86,763.9 -9.5%
Wetland 992.5 0.1% - 0.0% -992.5 -0.1%
Stream 9,723.1 1.1% 2,187.2 0.2% -7,535.9 -0.8%
Barren 62,734.4 6.9% - 0.0% -62,734.4 -6.9%
Total 914,690.0 100.0% 914,690.0 100.0% - -
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Table 3. Conditions of ENVI-met models

- 2

ro

o2 tjAro & 3l9ITH(Table 3).

WFAGY A Ae AEQ vid E =o], A 7H H&E
Ad 58, A 798 55 5] Asl ST EA
H| 204 AJFohs EXTEAL, Yol AL, EF
HEHEO] ASLARGL, TANEAI]A S-S 0|83
oh ZF A ] Hdl o= ARIAGTHS 23St
FEF7IAER] AHEANE A 99 AL AA 1,680 x
1,140 x 448 m P& o2 HdgS $silon, &
ZHIAEES 10 x 10 x 4 mE & 168 x 114 x 1127]9] T8]=
2 /oA th(Fig. 4). Y AR A EARY A 9%
=3t 37]19] 28 T & x=130, y=335, z=110
7} 28=, HA 1,300 x 3,350 x 440 m2 FHL A5
CHFig. 5). A1) 4% A Ge] A4 a5 4 HEAE
A PR FFLES 135k £ 15 m, $HE Tmo
AFF7H ARG A A=l on, FY 9 KXoz =11
Tm, $HE 3mo| ZASE HESFUtE EFE Nesting
GridsE 2022 AAsto] s tiidA|e] SHAA A EA
o 5 Qe AL 3G o7t HAsHE 4 s
Sl tHDo and Jung, 2019).

£ A= F ARG A AE, F 4714
Caseo] Higt AlEHo]AS XS &, /HTAAC] =
SR 9 549 #gt ZAIEEAO vAls YT
dotr 7] Qs /T HMEE H|wst] AFEY T1HA
2 gFo] 7HF H2 12A1E 7|E2 8 AFEo| A¥AH
o7 AT 4 Y= A 1.5m =oloA9] & L F

g, d7] 229 WeE E45H0

Changwon National Industrial

Changwon Sapa District

Catego Site
gory Complex Development Project Development Project

Start simulation at Day (dd.mm.yyyy) 04.09.2020 04.09.2020
Simulation Start simulation at Time (hh.mm.ss) 10:00:00 10:00:00

setting Total simulation time in hour (hr) 4 4

Save model state (min) 60 60

Wind speed (m/s) 1.65 2.44

Wind direction (°) 216 161

Meteorological

mnputs Initial temperature atmosphere (K)

301.10 (27.95C)

301.98 (28.83T7)

Relative humidity (%)

51.57% 51.98%
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(a) Before development

(b) After development

3D View

3D View

Buildings and Vegetation

TIE Te o e
lt?ﬂ’ﬂfr'#.‘lll. -?-,-.\

Buildings and Vegetation

Soil and Surface

Soil and Surface

Legend
[ Piant(3D View)

Bl riant(Buildings and Vegetation)

- Building(3D view, buildings and vegetation)

- Road

Il Pavement(soil and surface)

Fig. 4.
4. JHELAIHO D2 Fa2tE et 24
4.1, FEITMAUEX HEAMHeZ QU He
Mot

A ele] ulggel Wt BAe Avke et ek
HATIHIATA LA o1 B4 B 0misol A H

Changwon National Industrial Complex Development Project model configuration

o 2.1 m/s2 Webgom Bat 450 0.75 mss, FEF2
AZo2 YeERdthFig. 6). 7IEAMY olF HHEEE 2.6
m/so|H Fat3&o] i olol HlE) 0.16 m/s SRRt
0.91 m/s2 Wergth tietz]9] S55do] 2= HA bt
wol BHE et AE viA | 5 2 2 o, S
S £/g0] wet Bio] 585 2902 AEE 9lovt
1S =AY vio] BElE S50 frdske A
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(a) Before development

Buildings and Vegetation Buildings and Vegetation

Soil and Surface Soil and Surface

Legend

[ Piant(3D View) Bl o

- Plant(Buildings and Vegetation) - Pavement(soil and surface)
- Building(3D view, buildings and vegetation)

Fig. 5. Changwon Sapa District Development Project Model Configuration

o YEidTh AE Alol9] 4R oA dgFer & AEECR FASRE § A= £FAAY R wEA &
gl =4 A9 vigel 89" 15 dES0 FHE5HA 55k Downwash &74(Choi, 2012)0] st} F<&0] &
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Changwon National Industrial
Complex Development Project
after deveinpment - before deveiopment (z=1.50m)

below -1.1 m/s
-1.1to -0.8 m/s
0.8 to -0.4 m/s
0.4t0-0.1m/s
-0.1t0 0.3 m/s
0.3t0 0.6 m/s
0.6t2 0.9 m/s
0.9to 1.3 m/s
13te1.6mfs
above 1.6 m/s

(a) After development — Before development

Grnguon Naton! ndustial
‘Complex Development Project
[UnTe———

(b) Before development

Changwon National Industrial
Complex Development Project

———

2000, 40000 , 60000 , S0000 _ 100000 , 1200.00 _ 140000 ) 160000

L T Tl S-Sl s A

(c) After development

Fig. 6. Wind field analysis result, (Changwon National Industrial Complex Development Project)

A veites 2& B 5 loH ol A i 585 E &)
T 3719 WS Y AR AHEH A
@5 E3 ~E79] 245 Aol mE 3% A9 §l
o B3, C3, D2 Ao JAAHS HBREAE H 1T 2
HAg 24O F HIE 9] 22X HigEo] JA=HA
F40] 09~ 13 m/s F7FE AS AT 4= QUok &3 BS
oA D5AFY H42Y A4 U AXEES vHdS 1
23t FEHIRE Bl AS5E Alolet 3HoR 3719 f5

Agol By AgsHA FHET = AL ERAT 5 Uk

=7 PSR ARt R o] i e 7151‘*1
3= AuHE9 Fig 73 Zoh A ol 712 HAa
254To)A Hd 26.6C Al|2 B 7|22 25.77CE LEr
gk gAY o]Fol= 25.6C ~26.7C 7107 BH/L
26.11CE 7ol H|g] 0.34C Z7IoF3c). AR Ho

52 599 40| o]FoiF]of wet 7|29 ¥zt A2
fom AARY 2 FHE FETHEA= 7€ A7 2
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Changwon National Industrial
Complex Development Project
after development - before deveiopment (z=1.5000 m)

absolute difference Air
Temperature

below -0.0 °C
0.0t00.1°C
0.1t00.2°C
0.2t00.4°C
0.4t0 0.5
0.5t0 0.6 °C
0.6t0 0.8 °C
0.8t00.9°C
0.9t 1.0°C
above 1.0 °C

¥ (m)

IIIUDDIIII

Min: -0.1 °C
Max: 1.2 °C

(a) After development — Before development

Changwon National Industial Granguen Natons)Induril
Complex Development Project Complex Developme
T

| zsh,zsg-c
0 ssws0°c
L] s0w2s1°C
B s1w2s2°C
25210264 °C
B 254w265°C
I cbove265°C

Y

(b) Before development (c) After development
Fig. 7. Air temperature analysis result (Changwon National Industrial Complex Development Project)

HHoR vlAe] ufe} 0.6~ 1T oW F7K ACE Ueht ol fol AR 3712 <] ofeiee] wet 7120] %8 A
o} TYHAA BASH: Ao] FATEA FABUL E 2 U 4 Ik PIAGS SIHS TR LA met
YT ALAGAY 1A 71 20] F7Hle] ROl ks ofmhE A FAo] YHOR lRARE WAt 245
£ A2 ST S O £ SR L WA ol 4 S R B A2 AN ol A

- A= 3 d

3 K0 H FEANE B 29 AT 01-020 A 8 BEFA] vl 7]20] WA vhehgrch
7120 e A2 B 4 Uk 4N A9 MBS 5E AR o)F BHGe] GBHS Bk AN 9
g 5o 3719] 2] YWSH olFolAm glork, mYW  Thee] WOl A8 4 9 o BeErh WA B,

ololA gl Fuo] BE/) AN V1 WY Bt €3, D2 AYAS v HEo] YEHo] AR B o]

i
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Changwon Sapa District
Development Project
after development - before development (2=1.50m)

Il below 1.7 m/s
Hl 17to-13m/s
I -13t0-0.9 m/s
B -0.9tc-0.5m/s
[ -05t0-01m/s
[ ] -0i1to04ams
[ 04tc08mfs
Bl osto12mis
Il 12te16m/s
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(a) After development — Before development

Changwon Sapa District
Development Project
[E————

(b) Before development

Changwon Sapa District
Development Project
et c1.2m)

Y

(c) After development

Fig. 8. Wind field analysis result (Changwon Sapa District Development Project)
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Changwon Sapa District
3300.001 Development Project
A after development - before development (2=1.50m)
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(a) After development — Before development

Changwon Sapa District
Development Project
e e - 00

ar

(b) Before development

Changwon Sapa District
Development Project
a———"

ar

(c) After development

Fig. 9. Air temperature analysis result (Changwon Sapa District Development Project)

TFig. §). B2 Al, A27elo] BEFHGANNE AZE
of Hhgo] Hes]H Eo] tha FASIAT. Cl, C2, D2
Yol ASBAL THSEA 7|2 NHo R 15
m ololN] E&S AP 48 AALT A7 2
23 52 AT Tt Bl vlad 27 Z7hshe
AL BT 5 9k Tt F4140] B3A ) A FEEY
A= Aol AEE olo] toslE Fot 257
Qe A7loletel B4, A% SR B3t ey 8
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Ao R Yy, v F FoA = AS3HY 4,
vt} mpzko] WSt o] A|AEHA &0l 7t
st= A & 5 A

2l AR ZANEANY A9 i A 7]=0]
25.9C ~27.5C, B 26.59CoA T & Hd 26.70T
2 BHa7]20] 0.11T EoFtH(Fig. 9). tHAA AL 7|&
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g2 7|E A& /fEste] ERFHORE Wl wet
7]20] 45T AL B 4 ok T3 E3 4o tiHA|
olE 24 % H4 do] AFAE E FIAA IR
Qls ZAHAo] F7tstal F7]|w=gto] & o|Fojx|7] o
o} 7]&o] 7ttt o AFe ML 7|E LA
APR A AAIRE T8 A5E AP 2L |t
H4 gHo] gt W& H-&stA ¥ vigo] Sst]
ojg¥ 5140l F2 &Y A& HEolo] M g=
Al A9 F7] o] Ad3FE vE AoE wE

wEba] AR ] d3bg S Sl the HekEe
Agol st A FAANHY AL FFZ Ik
HietE =0l gtE 7t oy, vigo] Fakotal A&H<l
57] «¥o] o]FojA = L= FEFH 9] A=)
A GE ] 7jAdo] @7t A =X oA FAdH A4S
3717} ol E @AE AU EAAY Ao avpHor
i 4 de ADATY A=A Bl gk a1
9 299 37 ds= NAAZI7] SRt BiEEE AA7Y
a5ttt AS3Yd 9 S=FHAY Y 2, 5T
9A Wi, A5E 84 5 okAZE ¢ E232E Y
o =A|a;7go] H-gx|ojof g Hojr}.

5. 22 I AAME

£ A7olAE EAR o] Aoje] Qe wX:
G Folny] 3] EAGEAo] Fokst Aol A of
o A=, LA oA SBA et 8-
FAFATA LA AT EA LAY A
AHA G ow AAstett A5E AdA e ke
M Axo] A%E, A4, 24, 7155 wd
B0l Bol MlLEAS st oS B A
Maatelo] AWHYS v A of® Mt vehber]
2 AF3L AL AASAL.

B4, AAY 25 Ao Zol glovt A
ARG o] % WF7Lo] FAbsHe Ao bt AR

T o

glom, olegt Aol HiFAS Telst AZE WX,
393U 24 52 B Aol vmd P weiElct
ol2iat ATk e ENVImet 24 Aoz @ Ui}
o Aol T AN W AFE Alo] X FATUL 5
3] uhgo] Eehs A BAUY 4 Aglon, BE 7L
£ 7)& 4Bo] AAH I Egwo] 240 AR 5715}
Aot B AT ZAALARY Qo] 8] B

)

| e 2AE gl 4L AL AT & ALk

whe, e AT EAREARIS) B9 A A

=
28, A5E9] T3 UFY LEAY HAE At EF
AABEAL ATt =L, ofHRE F2o] JiARIe] &
HEERl = ZE 2o R Kok 'y AW, 3 et
A= vigo] FHSHA F8te] 2|99 F7lego] A=
AL o ETA| 9 A ASEd, FAE, @=FEHEA 5
| 2HHAM 22 o] F7Iste] A9 Aute] 7)ol
obge] mt Fego] e A AT = AT
T ARIS A ABFA AER B A7 EE
o A IdF2 Hagfs] Asl F7HRA AR
etatlet. ZL=7EATEA] ATARY 22| 7% @A
A 2FEA @2 Wed Fd-AH], S=3t 28,
2 gl S22 SiE F3) gl e 29 T
4ol 4= 9lZ Ao AoE, g ARAF =
HEAA A HollM s &5 AR FoIA AG=e AL
ARt 3718 HAdAIS Adte s SiAd & Qle vk
29] A4 9 @71459 S sl sEFEEA 1L
Ao WiAE WSk ol FUssiAl 9l Bl
WA 27sto] Bie] #E4dS g
27} " gsirt. Hnt ofye} =233t
st} 7|24 &1 oyt AE 7S, YA
A4 52 Aol 7Fed ACR HolH, Hx53t
A9l 712 Aoz FRAAI} 2EAfo]7} WAYste] F5
3710l W2 v S SV o dE AL
ey Eot ojEet RSl Al H=4o
YHIL ARellA AE=7] AiM e B HAE oA
debgol HHE ARRbE s A=T 5 e AU

¢}

Hir

PN

o BN
e ox, J
ne)

A

=

)
AN

r
1o
1o

ol
Sk
fr
o

>
=,

£ &
24 sk

S

B
oL
HE
o

—L

fO o koo o ol
M
2

E
¥
t

s

Hu
T

http://www.ekscc.re.kr



7158 BAB, W29 292 B AAXLoIA A

Fgo] onHoR WIY 4 YL ok T Zo]
o, ole @A 248X o, 430 B2 T 48
I} g g AN It HES H48Y A 848 4
% 59 QM BE AFsle] Het HIHo = Folstrs

>
o
>,
O
ruln

g 9 3
2 avdor wdsta YLAL AR} ast Aol
o}, oo & A7 A4 SUH ALALS ENVI-meto.
2 ABdoldsle] YA A A AL AL
TAHOE AR, ol EAALIANN 252

wAE 01‘% A HE = 31%11 TFAH LR HoFdtt=

AA BYS I WSl WAV om,
o1F YUY EAES FFS I wefekA: Rotsct
£ WAE ST, B 249 47E 5 Y

o] &g AYZ Yo E ZAVI &-50] A
o] t]AE IS EAT "avt glon, B oA
AARE 7RSO A Al RAQ et d 45
= &5ty LS 3% 5E AnE et A
IPCC (2022)= A9 Bt 7]-20] 4td3} o] do] H]
3 1.5C A% AE@A 1.09T AF5) 509 819 23k
20| 8.6Hf F71 AR oAstqirt. o gt Aol A
TAIREARY 213 A] o AF o= QIgH J¥Hd WHIkE
A &stal A== ZAE AR gelshs AHYgE WE
*l 29% Zog Helth & A7} ol HFE A
=) og,yq zﬂE;ﬁ 7]3]3,]. Al ;q]ﬂ}o]— u]—?jg
gt AERE SEEIIE 7|HEH

JINe
2 C‘E

2

o{x jo

:i9

]_

ol

NN

0|

o] =& FR(HVIe MY Ades 2=
AFAEe] Y (No. 2021R1A2C1011977)3} TR

Journal of Climate Change Research 2022, Vol. 13, No. 5

- 2

ro

Aoz FRAANY7| S BARAYAY 24
N FE1SpAYY AYe wob A7HEUn
(2021003330002).

References

Aboelata  A. (2020). in different street
orientations of aspect ratio (H/'W 1:
UHI and reduce buildings’
Building and Environment 172: 106712.

Ahn JS. 2007. A study on thermal environment evaluation

Vegetation
1) to mitigate

energy in arid climate.

for  eco-friendly wurban  planning [dissertation].
Keimyung University
Arnfield AJ. 2003.

research: a review of turbulence, exchanges of energy

Two decades of wurban climate

and water, and the urban heat island. International
Journal of Climatology 23: 1-26.
Catarina D, Miguel P, Pedro N. 2022 July 20. Portugal

reports more than 1,000 heat-related  deaths.
REUTERS.
Changwon City. 2019. Changwon National Industrial

Complex Development Project (00 Military base
relocation site development project). Changwon City
Announcement 2019-1345

Changwon  City.  2022.
Development Project.
2022-524

Chen H, Ooka R, Huang H, Tsuchiya T. 2009. Study on

mitigation measures for outdoor thermal environment

Changwon  Sapa  District

Changwon City Announcement

on present urban blocks in Tokyo wusing coupled
simulation. Building and Environment 44: 2290-2299.

Cheung PK, Jim CY. 2018. Comparing the cooling effects
of a tree and a concrete shelter using PET and UTCL
Building and Environment 130: 49-61.

Choi HJ. 2012. The numerical modeling the sensitivity of
coastal wind and ozone concentration to different SST
forcing. Journal Environment 46:
2022-2042.

Chow WTL, Pope RL, Martin CA, Brazel AJ. 2011.

Observing and modeling the nocturnal park cool island

of Atmosphere



ENVI-metS 280t TAPHUAIZGY| M2 EeHE Hat 24

of an arid city: horizontal and vertical impacts.
Theoretical and Applied Climatology 103: 197-211.

Do WG, Jung WS. 2019. Analysis of the Characteristics
of Thermal Environment Change Due to Urban Stream
Restoration.  Journal of  Environmental  Science
International 28(2): 235-248.

Dwivedi A, Mohan BK. 2018. Impact of green roof on
micro climate to reduce Urban Heat Island, Remote
Sensing Applications. Society and Environment 10:
56-69.

Erell E, Pearlmutter D, Williamson T. 2012. Urban
microclimate: designing the spaces between buildings.
Routledge.

Fahmy M, Sharples S, Yahiya M. 2010. LAI based trees
selection for mid latitude urban developments: A
microclimatic study in Cairo, Egypt. Building and
Environment 45: 345-357.

Fan Y, Li Y, Bejan A, Wang Y, Yang X. 2017.
Horizontal extent of the urban heat dome flow.
Scientific reports 7(1): 1-10.

Fellenberg G. 1991.
Fachvereine Ziirich.

Hien WN, Jusuf SK. 2008. GIS-based greenery evaluation

and Urban

Lebensraum  Stadt. Verlag der

on campus master
Planning 84: 166-182.
Hwang HS, Kang JE. 2020. Spatial Distribution of Urban

Heat and Pollution Islands using Remote Sensing and

plan. Landscape

Private Automated Meteorological Observation System
Data -Focused on Busan Metropolitan City, Korea-.
Journal of the Korean Association of Geographic
Information Studies 23(3): 100-119.

IPCC. 2022. Summary for Policymakers In,
Change 2022: Impacts, Adaptation and Vulnerability.
Contribution of Working Group II to the Sixth

Climate

Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge, New York: Cambridge
University Press.

Jo MH, Jo YW, Kim SJ. 2009. The Application of
ASTER TIR Satellite Imagery Data for
Temperature Change Analysis -A Case Study of

Surface

)]

BAIE o= 675

E

Cheonggye Stream Restoration Project-. Journal of the
Korean Association of Geographic Information Studies
12(1): 73-80.

Jung GS, Koo S, Yoo HH. 2011. Temperature Change
Anlaysis for Land Use Zoning Using Ladnsat Satellite
Imagery. The Journal of Korean Society for Geospatial
Information Science 19(2): 55-61.

Kato S, Yamaguchi Y. 2007. Estimation of storage heat
flux in an urban area using ASTER data. Remote
Sensing of Environment 110: 1-17.

Kim HO, Yeom JM. 2012. Effect of the Urban Land
Cover Types on the Surface Temperature: Case Study
of Ilsan New City. Korean Journal of Remote Sensing
28(2): 203-214.

Kim JS, Kang JE. 2018. Effects of Compact Spatial
Characteristics on the Urban Thermal Environment.
Journal of the Urban Design Institute of Korea Urban
Design 19(1): 21-36.

Kim JS, Kang JE. 2021. A Study on the Effectiveness of
Wind Corridor Construction for Improving Urban
Thermal Environment: A Case study of Changwon,
South  Korea.
Assessment 30(4): 187-202.

Kim JS, Lee SH, Yoon JB, Jung JH. 2019. A study on

the improvement of urban heat island phenomenon in

Journal of Environmental Impact

consideration of regional characteristics. Changwon,
Korea: Changwon Research Institute. Policy Report
2019-10.

Klok L, Zwart S, Verhagen H, Mauri E. 2012. The
surface heat island of Rotterdam and its relationship
with  urban  surface  characteristics.  Resources
Conservation and Recycling 64: 23-29.

Korea Adaptation Center For Climate Change. 2022.

effect; [accessed 2022 Aug 6].

http://www.kaccc.kei.re.kr/portal

Korea Meteorological Administration. 2021 December 22.

Change

In the second half of the 2lst century, summer
extends to up to six months.
Korean Law Information Center. 2020. List of laws

related to urban development projects.

http://www.ekscc.re.kr



676 a4354d -

Kriiger EL, Minella FO, Rasia F. 2011. Impact of urban
geometry on outdoor thermal comfort and air quality
from field measurements in Curitiba, Brazil. Building
and Environment 46: 621-634.

Kwon YJ, Lee DK, Ahn S. 2019. Urban Street Planting

Urban Heat

Journal of

Scenarios Simulation for Micro-scale

Island Effect Mitigation in Seoul.
Environmental Impact Assessment 28(1): 23-34.

Lee WS, Jung SG, Park KH, Kim KT. 2010. Analysis of
Urban Thermal Environment for Environment-Friendly
Spatial Plan. Journal of the Korean Association of
Geographic Information Studies 13(1): 142-154.

Li et al.(2019) Optimization of vegetation arrangement to
improve microclimate and thermal comfort in an urban
park.

Li J, Song C, Cao L, Zhu F, Meng X, Wu J. 2011.
Impacts of landscape structure on surface urban heat
islands: A case study of Shanghai, China. Remote
Sensing of Environment 115: 3249-3263.

Lim EN, Lee WS, Choi CH, Song BG, Jung SG. 2013.
An evaluation of thermal comfort on urban
neighborhood park for improving thermal environment.
Journal of the Korean Association of Geographic
Information Studies 16(4): 159-170.

Middel A, Hab K, Brazel AJ, Martin CA, Guhathakurta
S. 2014.

mid-afternoon microclimate in Phoenix local climate

Impact of urban form and design on

zones. Landscape and Urban Planning 122: 16-28.
Morakinyo TE, Dahanayake KKC, Ng E, Chow CL. 2017.
Temperature  and

cooling demand reduction by

green-roof types in different climates and urban
densities: A co-simulation parametric study. Energy
and Buildings 145: 226-237.

Morakinyo TE, Lam YF. 2016. Simulation study on the
impact of tree-configuration, planting pattern and wind
condition on street-canyon's micro-climate and thermal
comfort. Building and environment 103: 262-275.

Nadia Assaf. 2020. Green rooftops’mitigation potential on
urban heat island.

Ng E, Chen L, Wang Y, Yuan C. 2012. A study on the

Journal of Climate Change Research 2022, Vol. 13, No. 5

o3
2
rlo

cooling effects of greening in a high-density city: An

experience  from Building  and

environment 47: 256-271.

Hong  Kong.

Oke TR. 2002. Boundary layer climates. Routledge.

Rizwan AM, Dennis LY, Chunho LIU. 2008. A review
on the generation, determination and mitigation of
Urban Heat Island. Journal of environmental sciences
20(1): 120-128.

M. 2013.

strategy to fight urban heat

Santamouris Using cool pavements as a
island—A
review of the actual developments. Renewable and
Sustainable Energy Reviews 26: 224-240.

Shin BS. 2021 July 22. Heatwave deaths were more than

mitigation

three times higher than typhoons and heavy rains.
KBS NEWS.

Song BG, Park KH, Jung SG. 2014. Validation of
ENVI-met

considering spatial characteristics of land use types.

model with in situ  measurements

Journal of the Korean association of geographic
information studies 17(2): 156-172.

Song BG, Park KH. 2012. Analysis of Heat Island
Characteristics Considering Urban Space at Nighttime.
Journal of the Korean Association of Geographic
Information Studies 15(1): 133-143.

Song BG. 2014. Development of Environmental Planning
Methodology for Mitigation of Climate change and

Heat island effect in Urban area [dissertation].
Changwon National University.

Song DW. 2012. An analysis of local wind field by
location of industrial complex using CALMET and
Envi-met. Journal of Environmental Impact Assessment
21(3): 417-429.

Stewart ID. 2011. A systematic review and scientific
critique of methodology in modern urban heat island
literature. International Journal
200-217.

Taleghani M, Tenpierik M, Dobbelsteen A, Sailor DJ.

2014. Heat in courtyards: a validated and calibrated

of Climatology 31:

parametric study of heat mitigation strategies for urban

courtyards in the Netherlands. Solar Energy 103:



ENVI-mets E80 TAPHUAIR0| ME Zekd Hat

108-124.

Tan Z, Lau KK-L, Ng E. 2016. Urban tree design
approaches for mitigating daytime urban heat island
effects in a high-density urban environment. Energy
and Buildings 114: 265-274.

Winston TLC, Ronal LP, Chris AM, Anthony JB. 2011.
Observing and modeling the nocturnal park cool island
of an arid city: horizontal and vertical impacts.
Theoretical and Applied Climatology 103: 197-211.

Wong, N.H., Jusuf, S.K., Win, AL A.L., Thu, HK., Negara,
T., Xuchao, W., 2007, Environmental study of the
impact of greenery in an institutional campus in the
tropics, Building and Environment 42: 2949-2970.

677

http://www.ekscc.re.kr



	ENVI-met을 활용한 도시개발사업에 따른 열환경 변화 분석: 창원시를 대상으로
	ABSTRACT
	1. 서론
	2. 선행연구 검토
	3. 연구방법
	4. 개발사업에 따른 열환경 변화 분석
	5. 결론 및 시사점
	References


