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Urban Heat Mitigation Effect Analysis based on the Land Use Location
Distribution by Using an Ecosystem Service Valuation Model
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Abstract: The purpose of this study is to explore whether open spaces with land use characteristics
of forest green areas can have different influence on the urban heat reduction depending on the
location distribution, through the case of Gangneung-si downtown area. As a research method,
the InVest Urban Cooling Model, which is a thermal phenomenon analysis model, is employed
based on the most recent data available in 2018. In order to focus on the effect of location
distribution of open space in the city, the downtown area is set as the observation area, not the
entire city. The analysis of the land use location distribution scenarios shows that large-scale forests
or clustered forests are more effective in reducing atmospheric heat in the region than several

small-scale forests.
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S G4 ]9 GHZ e EGRRo]
AT e £A9) 20 A o4 =051 ¢
o} A0] A3 oA A AN, 0E o]
ES ZP‘ﬂiﬂ & 258 ATl A AR Y %
e FUA 82 B9 24 9A
% 4 Jth(Zawadzka et al, 2021).
W AL BA AR FFHAL
< AA AYE 72 HEolA W
oAuAl avF o o4 2HE 7P
(Bartesaghi et al. 2018; Kang 2020; Zardo et al,
2017). ATH O 2 AlEA R o]oj7] FHE &
HAolu 4 A HRlA Tk ATE shar
o A AH|A 7R AR EL EX|o| 8-S H]
3] 22 7AARE ol8ato] EA] ) AelA), X
E| A A7), A So)] zhe mA] I3k HA ;Mw
A e =t A4 202 =95l §IthDeilami
et al. 2018; Phelan et al, 2015), A9 ZHL& &

X
o
< -
I~N'
L i

o o o
>

:ﬁm paes

At o2 sl s EX|olE Heleh A7}
ArhE A2 2 717 == ek el AE 7

& W2 Aol EXol g, g, 1e]ar tf7|gt
7 s re] B dal A7 2= kJo
2009; Kim and Ahn, 2011; Nam et al, 2008), 7|
& Atolld s wEFY olU A ARE-EF Ato]of A1 €]

AR Ato| A= BEAJo]&of §lo] TF4 it
o] BEX|o|8-9] A0 T A th7| @4 ol
£ =957 % 8}t Lee et al. (2020)2 9] &4
T A2 ExJol&AE L U A Ui nlAHXA]
e —EE §]___ AL TR0 Ytk AL )7
9| T2 WA Y] =9fet HEe] B

o Aol FoAS ARt FoE
YL QJe}, Ex|o]-g x| Hujj(Spatial allocation)
£ 9wk EXo]E Fee}t A7 3t A= 4
A B A EA|olE A3}t Mg ofn|dirt
(Chen and Chen 2006). Ex]o|-& &3 T2 A

=5 FAR sk EA0lE StuE 242 37t
mele oA Wol =9]=]ar lth(Antrop 2004,
2000; Carsjens and van der Knaap 2002; Chen
et al, 2003; Yin et al. 2010). & AL AE EX]
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1. InVest Urban Cooling Model

InVest @ (Integrated Valuation of Ecosystem
Services and Tradeoffs)-& ARG A7} £-2] AF3]
of| AlFst= Aet Au|AE AFA o2 FR3fstar
ZLof| it 71 H7F AR Aot SR
t} (https://naturalcapitalproject. stanford. edu).
3l -8 n|=k Natural Capital Project A
O JdEo] YL glom AFEA o uhet F
7HA] i3t A A B| A FrERES Algstal ok, =
AqoAes =4 W 284 =92l InVest
Urban Cooling Model& A3} =1 Urban
Cooling Model> @A7HA] =i Aol A= thof
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A7) grgron] o] Aol B 9wk
A2 Aol K ) Q78 Aglel s T8 Ho
Ll 2o spe EAmdolt,

AT omE ) ofd FAEA A LT
% ol EX|ol8 AT 020 3|5 Tejste] 2022

20 oXx

u)

o A
A Aol 24& F71 f15ke] LA HA|7} ofd
TARYRE B Yo R AT, sid AR
= A s, AEE, 1lE, 12%, YWis, 4
9%, 4%, SHs, Y%, 29, EdlE, X
2%, FAELE F 1371 Bt Holch, = W &
A} A F 2= InVest Urban Cooling Modelof| 4] &

A ARE AFEH= 48T A5 (Cooling
capacity index, CCi), @47 A4>(Heat mitigation
index, HMI), 18]1 HH42% 74 Zk(Average
temperature reduction value, “C) 2.2 A4 s}3ic},
2d I FQ AAFILS Natural Capital Project
2 A2 AR Aol 7]eEol Jlon =2 82
th-3 3} Zth(http://releases,. naturalcapitalproject.
org/invest—userguide/latest/urban_cooling model,
html).

KL’ETO

ETI= AT

CC;=0.6 - +shade + 0.2 - albedo +0.2 - ETI

Cooling capacity index (CCH+ 3|3 A <9
Shade, Evapotranspiration, 1281l E#7Fe] S8
gt 24221 Albedo AR E Foff TA I gho]
A EtHKunapo et al, 2018; Zardo et al, 2017).
Shade factor+= 22l JH = EXJo]§ {3
ol "HAT Eo] 2m o4 EFY ¥ (Tree
canopy)©| A3k HIER 0~19] gH& 2=t
Albedo factore 0~1 Ao] 9] gro. g2 zy7+9] & x|o]
€ T B FEA vlEE UebdtH(Phelan et al.
2015). Evapotranspiration index (ETI)= 4713

Potential evapotranspiration gfo. & Zrz-9] HA

= =2

25}7| E]= Reference evapotranspiration, Ke
= EX]0]-893H9 Crop coefficient, 123l ETmax
L

AFEA W ETO &8 At vl

P

=4k AHg-3kitH(Phelan et al. 2015). ©] 74
TFoAA Y ASAHN Be BY U 54
o2 A} Qe SE gtk

Urban Heat Mitigation Index (HMi)= +X2
20,000m” (2ha) o4 tht it 527} tAFA] o] m]
A& PZ+ta s YePdtH(McDonald et al, 2016;
Zardo et al, 2017), Wr B2 ol i =27}
ARIBEL QA SFTHH HMie CCio} 548t 3h& 7t
AA ek, v A of it =27 GASHA E
CHA oA W s FAS CCigke 1t i =4
2RE Y A v 7] B4 d%e
ot Bat7] 22 EXo]g AluE e 4T Faad
H| 2.5 $J3)] ARS-H T}, InVest Urban Cooling Model
& AFNAA BFLE T2 ARE AN S
A9 9] Urban Heat Index (UHI) magnitude®}
Urban Heat Index Maximum (UHImax) 5= Ab
2351t} g AHE= Annual, Seasonal, Daytime,
7121 Nighttime 7|28 2 253 0] 7H55t0
Global Surface UHI Explorer (https://yceo, users,

[e)
<

(o)

=

i

earthengine, app/view/uhimap)oll 4] % 0] 715
sich, t7] SR de R Qs A A W AlkkE
< A 2k ge2 AT 9 oE At
E2 FAtE o] HA 7} R InVest Urban Cooling
Modelo]| A= Gaussian function with kernel radius
£ o] &3to] A4t Tairm:=FH Actual air
temperature with air mixing (Tain)E AAFsHc}, 2
A Air temperature without air mixing (Tailoms)
© off FA o8 AFEEY T T X199
rural reference temperatureS YelW ™ UHImax
+ oAl UHI 220 2|t e ofn|sh=t] o]
= 3 EA oA B2+ maximum temperature

9]' Tair,re[ %}:‘04 i]'o]% ‘OJU]@—E]—
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T;z = Ztir,ref + (1 7HA/[1) ' UHImlLX

2. YEHOO|E & EX|0|E AlLIZ|L

InVest 22 & A 275+ T4 YAame 2
7 Biophysical table, YE s, & IR E FLEH
¢}, Biophysical tableZ 7} EX]0]-& 539 shade,
Ke, Albedo, Green area relation, Building intensity
& 7HA 3L dck(Table 1), Y8+ Maximum
cooling distance, Reference air temperature, UHI
effect, Air blending distance® ©|Fo] X tHTable
2). 37X 7= Evapotranspiration raster, Area
of Interest shp, Land use scenario raster©]th
(Figure 1),

EXJo]g Ay o= 20109 ' tfEF EX|T
B o) e s Alele #12 445
Aok AU e #2= A W eELH 0|~ FIHE

O
7] 9l8te, S7tElE QEATO|AE BAIR
A 2H4 0 2 wjR|stoit, AluE] @ #32 AUt
Q #29} FUT 1O QLEAHO|AE FTIA]E
7129) AAxA A Go| YAeh= EAA] Tl AR
E] TAA] QIO R @ ZAH|O| AT ZTA7 | ALt

£ 2dstSick(Figure 2).

EA FAZE QI3 BEAJo]E xRl T oAl
B AluE] 2 #23 A3 eksto] g7ka Al AH
L& A7HA FAloll FYsHAl EatufR|ehe B4
ol g M2k ojulatn], Al e #32 A EAE =
Al Qlol| A e SRR o R A ejatke] ahE st
AN B AR AFS SREHE A B o

Table 1. Biophysical table parameters

Land Use Shade Kc Albedo Green area building intensity
Background 0 0 0 0 0
Developed 0.05 0.37 0.18 0 0.7
Agriculture 1 0.7 0.2 1 0
Forest 1 1 0.15 1 0
Grassland 1 1 0.2 1 0
Wetland 1 1 0.11 1 0
Barren 0 0.3 0.2 0 0
Water 1 1 0.06 1 0

Table 2. InVest model parameters

Parameter Description and input value

Maximum cooling distance recommended value 450m)

Distance over which green areas larger than 20,000m? (2ha) have a cooling effect (Input: Model

Air temperature in a rural reference area where the urban heat island effect is not observed (Input:

Reference air temperature | Average of the highest air temperatures b/w 1991 & 2020, 28.6°C, https://www.gn.go.kr/www/

contents.do?key=4847)

The magnitude of the urban heat island effect, i.e. the difference between the rural reference

UHI effect temperature and the max. temperature observed in the city (Input: Summer daytime UHI 3.17°C in
2018)
el e Radius over which to average air temperatures to account for air mixing (Input: Model recommended

value range 500-600m)

Area of interest

A map of areas over which to aggregate and summarize the final results

Land use Land use scenarios

Map of evapotranspiration

USGS Monthly Actual Evapotranspiration (ET) map for the City of Gangneung (Input: Data for the
July 2018 to fit the UHI data, https://earlywarning.usgs.gov/fews/product/460
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o

Note: The dotted circle indicate the study area in the City of Gangneung (Left). Some of ares do not have USGS evapotranspiration

data and dark rasters indicate high values (Right).

Figure 1. The boundary of study area (Left) and evapotranspiration map (High: 161-Low: 1).

Scenario #1

Scenario #2

Scenario #3

Note: Developed areas are concentrated in the central area of the study site. Forested land uses are distributed throughout the study

area.

Figure 2. Land use scenarios.

=

AR R 2A5HA He EAoE A 9
|3t} AZHA 25 E AFd =R 29| B0l X3t
& AR A A o] AHA 13] 50ha] 205]=
% 1,000ha®] At =27k AgkE|glet, ojuf AJute]
O #2= EA] FAFAREH, AvE L #32 EA
Qo K e EA|o]go] HetE| =g AT
o9} Zr-2 4t o] 9IS 7 WA Sl Attt
A W AFEA o] 71 FUsHA HiAE 4 Q=S
InVest 2.3 9] sub—function & 8421 Proximity—
based scenario generator H @S o]-8-5to] HAlS}
o] A7steict,

=]

2 Aol AR S A B A A (https://
egis. me. go kr/intro/land.do)ol| A A&35l= 2010
o it EA N EEE ARSIt S AR
+ 20189 A=l on 30m =R AR 7=
2019@0]th, BEARR= AZERIRAY, 5949,
A, 27, $7, U, Selom FEEo| glo.
IVEST wlo]4] Q@R QJeie g7 2 44
A} &= Biophyscal table EX|o|-& HRof ukzeo] 2+
A8191.0 1 Spatial Referencet= Korea 2000 Central
Belt 2010 (m)& 2-&3}9ic}.
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III. &4 A7}

w2 AFolA @ A Az A Y8 A
(Cooling capacity index, CCi), € A7 A|5=(Heat
mitigation index, HMI), B2 =747k (Average
temperature reduction value, ‘C)of w2 if_‘i
#lo| A ARz X9 W G A7 @4l °§ a]
A A0 el ek, 94 00 % 148

08 oEadolx W HY EXolgOIA 22 Y2
$% A5k Hol 1 QU] ATehA A B

A2 AU 2 #12 0,55, AV 9 #2+= 0,63, At
2] 2 #32 0,649 ZFe Kotk (Figure 3). & Alug]
L #32 Auel e #20] vlg) 0.01 &2 Bt W48

Hl EXjo]golA =
Figure 4), vpA|2}
A2 Aute] @ #2014
0.33°C, AlU2] 9 #3014 0,382 %E}Uri Lo] Al
29 #30] @A Bt FAHH G35 Holil qlrt,
=, YA E R A QEAT O] A % S7HA 7] =

71&9] ApAmA| 2] o] QJA|Eh= EAIA] oA
Bl B4 QPO R @ EAH o] AT FTHAT]E EAO]
& Ao A 7P o A7t a2 Holw 9t}
(Table 3), o]= e A E= FA3HE A o)

flo
nue
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oyl
rt
O
o
i)
R
ol
ng Hr
39,
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¢

e A9 ) o] AAg EnE 2T 4 e
44 EX0lg Atel 29l 2st AL Arue

Scenario #1

Note: Dark areas indicate high values.

Scenario #2

Scenario #3

Figure 3. Cooling capacity values (High 0.81 - Low 0.05)

Scenario #1
Note: Dark areas indicate high values.

Scenario #2

Scenario #3

Figure 4. Heat mitigation index (High 0.99 - Low 0.05).
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Table 3. Average CC value & average temperature reduction

Major parameter Scenario #1 Scenario #2 Scenario #3
Average CC value 0.55 0.63 0.64
Average temperature reduction (°C) - 0.33 0.38
Table 4. Morphological spatial pattern of the land use scenarios
. Forest land uses (km?) Other uses (km?)
Scenario - - Total (km?)
Contiguos Non-contiguous Total Total
#1 310.05 89.14 399.19 640.81 1040.00
#2 362.52 171.98 534.49 505.51 1040.00
#3 398.98 135.52 534.49 505.51 1040.00
Alutel e #3004 4Rl 9] 3} Aol thE Al oA 2 &Jej7} Qi

Lof ujgf o] HLEMF’- %E}(Table 4).

ol ”11 = "F A=t FEeH Fxt
g1 24 (Morphological Spatial Pattern Analysis,
MSPA)Z 57t HlofE Ei= o|n]A] Hlo]E ¢ et
& A E7] o) AR-E= oItk MSPAS ©]
2-(Neighbor)& 7#43= 91724 ¥ (Connectivity
rule) ¥ 58 A Z(Effective edge width)S 7175}
£ Wggtel QJaf Fol=l= 2429 (Core area) AHY
0 2 EE AAEHSoille and Vogt 2009; Wickham
et al. 2010). MSPA &40 w2 Q14 9l #39
Bjo] 4kl 9 AR A A HALS AL 2 #10] A
310.05km?, AlUte] @ #2014 362.52km?, Alva] e
#30] 4] 398.98km*&E AJUt2) 2 #30]A 7} A4 =
7k Ao 2 yehar 9l

V. 42

7H& EXAR Ulofl A $1A] 9 el H 28 T
gt Exo] g9 a8 THle EXO]SARY] F1
=oAL, i) 4 e dd| SR
Hold & o v eF B EANY & L4801 A
Zretelo) QA AR vl Fasit), ot
oA &2 A= 5 A9S AR A=
HolA I AR =] FHAE Holut =A] SRS
gt B0l gAE Y] B e HolFe drehe A

rr e ol

do

H o Al= InVest Urban Cooling Model<
o]-goto] ZFAl 8 EAA S Yo r oA
o]z QA ZHofl WE =A] FAGAG AE 24
SHTh EA0l AU &= SR A A5k
2010 W tfjE EXuE 2 Ao #18 A
skt Aluel e #29F #32 AlvkE] L #1of| ]3|
1,000ha 7|9} Al7}e} EAJo]-§ 48} FAlo] &
ELdo]| 2RO Exo] g HeE Ags5itt, o|¢}
HEo( A AUE L #2= S7HE = ii’\ﬁﬂolé%
AR Faloll AAR A S = wiA|sHl AL, ALt
& #30| K= 712 A=A A o] HX]S}% =4
A o A EE =R GFo R QEAFO|AE F
77l AYE &5 Adste] g2 R EA]QLL
O] ubHIbE AFE T At A S 2
EE gt A o2 2Ashe BEXJ0]E 74]27% ﬂ“o
sto] E-g5kiet, FaAveE that A AA, Al
2] 2 #3 (CC=0.64)2 AUzl 2 #2 (CC=0.63)]
vl 0.01 2 Ho YZ-8Fx=(Average cooling
capacity index, CC) g2 Helch, &4, A7t
W B A2 Aluhe] 2 #3 (0.38°C)oll A Alute
2 #2(0.33°C) B} 0,05C W ti7]| &% A7o] #

l> Obr

2

ik
=, AR 2 ELT 0| 2F F7HA17]H
7SI QA0 YRS £ sl
B 47 QhoR 9ZAuo| AT F7HIYIE EX
o1§ WAOIA 7 S AXg EBE Bl A
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ofs], ol thtm Abgl E 2B Aelo] 2
Ao] W of7) AR ek 243 5 e o
A7 Y AR AR A Holu} £

IE sl HH QEAHO|AZ B E

AHHE AT BT 2R o2 Ao 2431]
Bl @ 2 24k bR 2 prE 24
Sh Aol o EHAY 4 ek ExjolgAsloR

of | go|g 7HaL ek,

nd
AE 7 ‘ﬁ 1 CCe} 2 ‘?4_’5}04 = "q:r“’ﬂ/ﬂb &
A7 aaE ALt ARSE= AR g InVest
model database websited| A Al 5= AR E AR
st e A vl ARt 9 A A E
ol AFE 7ol 1 A==t =2 Prh(Zardo et
al. 2017) wheba] e Auko] AR % 3R sl
= ARgAIA] o digt 2 2E9] Cooling effects F
8 M9 Y E HAEZE Dasht & Aol A]
£ sl RS GEHAE SoHE
ot 3% 7l gsia $18 20
7} O‘E} 2 2O AL oA AFE U it
=257t P(2ha)9] A79} air mixing WA Eﬂ—’,\—@ T
gk a9 YR Ao A #AZ vl o E g

= Aol A3} AR w0 3HA|E Hlr}, wheba 2
Aol Al ISk t7] 224k s Adigie =
ofafi5l7| itz LEAF o)A X Euof TE EA|
AL A A Aoz sfAst= Aol HE
2215k 7)—]\0]1:}.
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_‘_,

XA}

2 =2 20209 et WS Ret ke A
tho] x9S ol 3iE o1 U th(NRF-2020S
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