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ABSTRACT

Climate resilience is crucial for reducing heatwave damages, leading the Korean government to deploy various response

technologies such as rooftop/wall greening, cool roofs, cooling fogs, and pergolas. However, few studies have

comprehensively evaluated the economic benefits and costs of these technologies. To fill this gap, this paper utilizes a panel
datasetincluding weather data (daily temperature, relative humidity), wages, industry-specific worker counts, and regional
installations of heat mitigation technologiesto estimate labor productivity losses due to heatwaves. A two-step regression
analysis is then implemented (i) to assess the impact of these technologies on the Heatwave Resilience Index (HWRI) and
(ii) to examine how the HWRI is associated with heatwave damages, measured as the sum of labor productivity losses and
heat-related medical expenditures. Finally, a benefit-cost ratio (BCR) analysis evaluates the economic benefits of such climate
resilience processes. The results show that the loss of labor productivity in Korea due to heatwaves from 2016 to 2022 is
about KRW 265.1 billion, or 0.18% of total wage payments. The BCR for cooling fogs is 0.80, that for cool roofs is 1.66,
that for rooftop/wall greening is 2.60, and that for pergolas is 0.86. The contributions of this paper are summarized as
follows: (i) construction of an original panel dataset we constructed and (ii) a two-step estimation strategy that incorporates
both the climate resilience index and mitigation technologies for estimating their reduction in damage costs related to

heatwaves. Our analysis is expected to provide useful information to policymakers to establish cost-effective heatwave

response technologies.
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H& 7ot Zopxl P TAX Ao Jrfdow &
g I o= TA9] QI H Q1 YFol 7]
FHASto] digt FHHd YA A S7HAIZIZT |
EOoltH(Kim et al, 2020). 53], =2 A, AF9
92.1%7F TAlo HYFEo JI(LX, 2024), 75 =L}
A4 @A) mAle] AEse] k. mAloIAS] Eedol ot
2 AAHASH Heje Rt A2E o) vepd
Bqdon qlslo] wEAe AFH Aot % W Lo
A%t ks B& At 193 =2 2, ke, UE 5
o] ¥y 5 Rl &4, IS 25 AEH 49 5
7o 2dZslo] {utE 4 Qlti(Korean Ministry of
Environment, 2022).

=0z AR Tt P A BRek AR
M oget A8 23S Aldgstar ok AAE &
LefolAs ZAFTAE I A, 9] AR 14~
17A] 3%19] £9] AR19] T F= A A ¥38& A
a5kl low, RAAHE IE Alde EVHR F9E
Aoty &9 Y FTES daskl  Yrk(Korean
Ministry of Employment and Labor, 2024). $tH, X]X}A|
A= AlFlEC] S aH o= Ad & L s FF
U fEE nhsh, =4 Wi =4 303 O5 &5 5
o] 34 A ArdE FASHAL Aek(Park, 2022). 3, &
AHsiE Eol7] At &4 A AHde Ao R S
o} 9 HH=3} AR, =2 E7E I(cooling fog) AHX],
357138 FFZ(cool roof) A & WIZF FFIL HA] A
HALY, PR T TOsv A4 5 OUe 29 38 Vs
Eo] H8E 7 Qltk(Lee and Cho, 2024; Pyon, 2022).
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5l 7lgo|ck(Baik et al., 2024; Yoon et al., 2016).
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1) 199489 9o 1 Z¢ 7]50] FAEZ|7HAE 24d0lh=
48 =] th(Bae, 2018).
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Aol Q57| wizo|th EE, A= AAAAIE T S AT A= 26 = 7R EA4 717
Kol ¢ 71& A7 dolEE Beso] Wol-Hg BA  EAsH 20164 ~ 20228018, FHAE Ter D L Re)
NEgozA Ao B4S Aolet + Uk AnAel Gl e /12AAAE aFFolugEle LU
a Xﬂzﬂﬂo] A9 oY 71$Hst 48 AFo] +HE Agrjgow Egstnt
g487t itk FHo g Qe 54 EAHAY 2HE A &
o83}t AL Htdslo] B =RoAE Aol 177 Al S 24 (Wet Bulb Globe Temperature, WBGT) AlZ0]|
S gyoz THEd SEAY 29 g /1EE) & 2 ARA 7L 9 S5 ARs BEEE. 20164
Ho]-H]-& B (Benefit-Cost Analysis)e &9l &3 7|& ~20224¥ oEZ(5Y ~99) 7[ARE £H-E H5td] 7]
o Be/< HrkstAt gt & =&olA= 90l 4 A 71AENGELA A FSte STHESALE
HAAo7 AWEQ A7 vAE gy 7HHFo=E & (Automated Synoptic Observing System, ASOS)¥} BF =3
FAARG O] TR FE Doz Aoy, EF o ZA| A H(Automatic Weather System, AWS) X 2E &
< 71&0] Heide AFA FeE Hojow Hoftoe sto] AW P72, HiU|L, AdsE AeE S5
24 FH9 22 ol ditt 2EHQ A4S th & =woAe AEFEE 7P 7R 71 ESAE
AlEstgint. §3] 7]go] A8H A=olu A AHY AT 5, g #5400 4 V|2Atm 2 AdsE A
u|A| & 2Hdof A9 o A] dto] whE HolE FA5HA 25 7 AEFY 7IBEER ARSI o, wWiAYE
oA ZV]'Oﬂ £ B4 A Ho-2g4% MaH| N3EELTE ZF 7|ZAAA Y] 7155 A 5] tii#oHA]
& Fa-FH FH9 HAY FY 5y 59 Hels ©H ERth IetEE FRole 1 Ul E TR 71T
Aow AZTN 7|E AFEY 29, & =wolAe &4 549 AwE &Eoinh 7]”7@37]13]'&540“‘1 A5t
s 71&9] AR FAA 7HAE AlE oA SEA = 94 712 AmE A4 FA4 Aol aEE 73
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shalch & =79 74 dits 59 38 7€ == AL 9 ¥ o= &&= U
AT JAHEAEY] A EFEAN EE&E 5 e AoE WBGTE &850 54y &4 HSS 34T &,
e EAAY SAog ATSR BA] Slotol BR
Aol BAAEO) et A B4 wuS 7] @ ARE AU AR 59 BT AU U4 ARt
otlon, A3Fox= At AHE 177 A =5 Tl EHY AGA TG AN EF /A E (2
A A 24 A3, 7 Al 71e9] HAHe] H ) 18) ARE &S B+ AT dae B¢
BCR 4 A Lol AU, Argelis oot S PIACTIE 098 ddYges SHua
ZEH A9 FAHES A&Estch Zd 71& AR S, AAAERTE SEEHA &
ZF AAAE R TP EI Qlo] FEIMFFREES %6H
2. 2MXIg 2 S2AdpH AFzlo] A Aoz Zh 7| 2AAHA] Sz w5t 4
gt A=E &5t
2.1. BMxtz HWRI £ 9o &8H A=+ KOSIS T4 £
2, A A, FEFERE, ALLEA, (gE 1]
TEASQ] 2 Yo 2SR} MmH|F £ 7\4 c9o x5 27E9lon, WA 23 Table 29]
O Qe =3 AN gor Fddn. 294 Rt 9t
A Amr] Ams ARAWR7I APARIE T Ao R £ g 7l& 4X) ulg AR A4S 2

) & AFOAS AR B ofg 1S e FYLT, ST LyUsS), YT T J16R AYEILE

3) ARRYAARAY AR A4S oJmiel o] AR ool ety A9 oh 2AT vigel AL EFSH W] WE
of LRAWA AZH B WAEYS HsAo] EATE SAR AE YA AW Guet AF BPE 4 Ao OE 4 g
b WAl EAje

4 Yogoust Minarae] <19 0129] £91 Al ge2to] o9 oS G717] o) ALALCAVaglow and Minard, 1957), ¥
G 7] HEE BE Tejg JAEdA A50] Aol @A] vIely HFARATOSHA), vIF FAEEL, SRS
2 £ 7JAHOA ol galT glom, B JIAHOIAE 201895 E WBGT 243t0] AZET UAckLee et al, 2019),
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Table 1. Input data list and source
Data Sources Items

Cost of care for febrile .
. HIRA Claim data
illnesses

City and district (Si-gun-gu), inpatient/outpatient classification, number

of patients, claims, and total cost of care for T67 (heat and light effects)

Weather variables KMA Open MET Data Portal

Average temperature, maximum temperature, relative humidity

Wages, number of workers by

city

MOEL

Business labor force survey

Number of workers and wage by industry & city

Heatwave response technology

installations

Open information portal of

Korea

Heatwave response technologies installations by year

Note: All collection periods range from 2016 to 2022

Table 2. Indicator configuration variables by sector

Sector Sub sector Source Variables
Economic power KOSIS Regional Income Amount of local tax per capita, Financial independence rate, GRDP
Survey of R&D in Korea R&D expenditures per capita, Number of researchers
Economy Industry - ;
KOSIS Economically Active
development . Unmployment rate
Population Survey
Emergency Medical Services
L Numer of Ambulances
Statistics
Medical response - -
. . Number of Hospitals-Health centers-Medical personnel-Emrgency
capability Korean Urban Statistics . . .
medical center, Health insurance subscribers
Social
KOSIS e-Regional Indicators Unmet healthcare ratio, Number of hospital bed per 1,000 people
Lo . Daily water consumption per capita, Water supply rate, Number of
Social infrastructure | Korean Water Supply Statistics .
people under unmet water supply, revenue water ratio
Energy Korean Urban Statistics Energy use of buildings
. . . Number of old buildings (20 ~24y-25 ~29y-30 ~ 34y-over 35y),
Vulnerable facilities | Geospatial Information Platform .
Road area, Railroad area
Shelters of extreme o Number of Welfare facilities for the aged, the homless, the disabled,
Korean Urban Statistics .
Physical heat and children
Infra L Park area, Unexecuted park area, Orchar area, Green area, Paddy area,
Green Infra Korean Urban Statistics
Greenhouse area, Forest area, Stream area
Density of . . Number of buildings, Average height of buildings, Average building
o Geospatial Information Platform . e )
buildings coverage ratio, Average building volume ratio
Local Finance
Amount of welfare budget,
Budget Integrated Open System
Governance -
KOSIS Natural disasters management fund
Response personnel Korean Urban Statistics Population per 1 fire-fighting officer, Number of Officers (si-do)
KOSIS Population Statistics Population under 5-year-old, Population of over 65-year-old, Number
Based on Resident egistration | of the disabled
Vulnerable . B . T
. Korean Urban Statistics Number of Beneficiary of national basic livelihood
populations
Number of construction workers, Number of skilled agricultural, forest,
Human Local Area Labour Force Survey

and fishery workers, Number of grunt workers-temporary workers

Underlying disease

Medical Service Usage Statistics

by Region

Number of people in hypertension, Number of people in diabetes

Population density

KOSIS

Population density
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d HojHsrE 2G4 Aw8[E L5Pig &4
9] dAE 83ttt FA|eF7|F(L0)= 7] TR
ot =AY A4S AAY &4 BUiskL 9o
(ILO, 2019), "|= A FAHAIE(CDC)2}F EU 3%
olM= 2 HES FY 9o F2 948 XS

Il O]\q‘

234% A=n]E9 Feole Ex9 4 glo] A%
HAMAPE7H Ao AAE A & L3
S EHNS WBGTE 43T &, o]E &85l
Axtd Atdd ARbE ka3 B4 HIS(Loss
Fraction)& 3} 274t 0|t} WBGTSH :EAIAY &
A HSE BF Al 99z F4E

[WBGTS] 4] Yaglou and Minard (1957)°f 2J8] %
22 AAE WBGT 2E 23 Zth

o

WBGT=0.7T,+0.2T,+0.17, (1

~

)

A WA T, T, T= AH G725, S72E
T2EE 9usin, WBGTE o] 259 7F8o
A= & 5 QlTh AT ZF2EE ASOS B AWS #
SaoA APHoR #SHE HtAF847F oYY
2ol 7173701 Aleshs ARZE WBGTE AHEd
= e 241l At ol ddsk] 5 & ==l
Ae 71878004 Agste 7123 dHisEts 889
of WBGTE 4% & & KMA2016 2dg 283t}
(KMA, 2016)(4] (2)).

¢

WBGT g 49015 =— 0-2442 + 0.55399 7, +0.45535 7,
—0.0022 7% +0.00278 7', T,

2

oy, F7&kL 7,94 AFHEZ247} ofERE £
=olAE = 7144 E-85k= Stull (2011)9] 7]
7)) D BHESE(RDY S572% 7+ A4S 089
of §F2=E F45H, 4 ) £

T, = T,arctan|0.151977 v/ (RH+8.313659) |

+arctan[7, + RH)
—arctan [RH—1.67633]
3

+0.00391838 RH * arctan [0.023101 RH] — 4.686035
3)
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[l 4Hd &Y 4] WBGT 19 =32 s 74
TREE 75 B9, ofeiet 2ol AIXIE WBGT 3t
2 71Z0 7 L EAAA ] &4 H]L(Loss Fraction)S 7|
A

A o= QItk(Cai et al., 2022; Parsons et al., 2021).
1 WBGT—Prod,,,,
Loss Fraction = —x [1+ ERF( =]
2 Prod,, < V2

“4)

A @olA ERF(x) :%

SE7} EAAAE] nXE BAYAY JFS St
3fo] BAIBH, o] 42 ﬂ%}r& A Qg g
Eda 7P mEA BAE oA BaATIEA
2 Wg 4 9ok Prod,m# Prod, e AZF B
AR A9 & = WBGT g9 B4 #EHAE

olu]s}m, Cai et al. (2022)0)4 AAIE 1Y dahag

= 83t} 9g LE4TLE oE2EE Ao

,Loag 0lol-34o] ©2=9] S0 |71t 400W, &uHY, WS
Ezﬂqg 52 AZFg 200We] =B AEIF 87 EE
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A 4= Qlon, o] & &-gsto] 4] (5)°F Zo] HHo

ALY AN (Loss Amount, ) S 5
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F(153%) iv] A 9E ZFLS9 HlFer, 2550 9
TS e &4

7] glsto] xatel otk
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E =FoAL 2016 ~2022d 770E7F A 177 A
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s &85t 9 VFHEY SEAee] e
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£ 9% JPH R FHote Aol AGuitt Aol
o BAALE Qlxe}, - A G AT & 59 3
=g g9l 0] o 4o 7ofst=s s AS6H]
ojyrt. ¥ 019} 22 227 AW HWRIE 59
Aol E o A A, A A -EE Qlxel, And
2 AA, A % S T A9 EEoh= Hopd A
S 5 SHAY 7IAFHE AHelER, 7| EYY
IS Bt JustHA AT 4 Avks Aol ik 1w
Aot 20HA 8L 2297 AT T ARE E-8ok

ololgom, 7 Azo] 248 AZTY BEES BE

Table 3. Mean and standard deviation of WBGT by labor intensity

Labor Intensity Per

Hour

Sectors

Prod, Prod_,

mean

400W

storage

Agriculture-forestry-fishing, Mining and quarrying, Manufacturing, Electricity, gas
steam and air conditioning supply, Water supply; sewage, waste management,

materials recovery, Construction, Wholesale and retail trade, Transportation and

35.53 3.94

200W management and business support services,

Accommodation and food service, Information and communication, Financial and
insurance, Real estate, Professional, scientific and technical, Business facilities
Public administration and defence, 32.47 4.16
Education, Human health and social work, Arts, sports and recreation related

services, Membership organizations, repair and other personal services

Source: Cai et al. (2022)
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o9l wolow WA A9, 7 AETe WY
E40] Holohi, AR AR AAANAL B A2
ujH|5to] A|=(CFGAIAA) S2 HAR}Fe =N FAA
24 23} Ve $o14E ¥U 4 Aok w7 FHs}
o8 B9 A FA7E Al 5 FYAAAPZE S
wegsto] Al Wl AT,

A 2cHA BEAof 9kA HWRIE= F2F/4J(Vulnerability)
1} A-8-52(Adaptive Capability)E ¥rgste] E4 A Y
o] Eeolzie wao] Yoht T RAT + YLAE U
ElUlE= X Fo|th(Baik et al., 2024; Hwang, 2024; Korean
Ministry of Environment, 2022). HWRI+= 37| ZA|, At
3, &9, AHAL, QG 5 57/ Rl E A, sig
570 FEd AES I ALE mEHETH(A] (6).

Table 4. Indicator configuration variables by sector

g 7|59 ZMd =M 433
HWRI= Econ+ Social + Physical Dimension (6)

+ Governance + Human

o9 X (sub sector)
SEEEE

N m&
M
¥=¥
rlo
i)
o
B
.
o
i)

2,

FTAEE U= 7RIS AMESth(Baik et al., 2024;

Hwang, 2024). Al4tE 7F5AE Atete HEgkol 48

'3}31 o|& Hg't ko] 7+ sh9] B9l A HEgko] "o &4

HH2(Sector)2] 319 B2 A EZL Gty g HEC

A #®gho] i, thA] 7 FEo] X1k HshH s A
ojo] HWRIZ} Ht}.

Sector sub sector

Variables

Economic Power

Amount of local tax per capita, Financial independence rate, GRDP

Economy
Industry Development |R&D expenditures per capita, Unmployment rate, Number of researchers
Medical Response Numer of Ambulances, Hospitals-Health centers-Medical personnel-Emrgency medical center,
Capability Health insurance subscribers, Unmet healthcare ratio, Number of hospital bed per 1,000 people
Social Daily water consumption per capita, Water supply rate, Number of people under unmet water

Social infrastructure

supply, revenue water ratio

Energy

Energy use of buildings

Vulnerable facilities

Number of old buildings (20 ~24y-25 ~29y-30 ~ 34y-over 35y), Road area, Railroad area

Shelters of extreme heat | Number of Welfare facilities for the aged, the homless, the disabled, and children

Physical Infra Green Infra

area, Stream area

Park area, Unexecuted park area, Orchar area, Green area, Paddy area, Greenhouse area, Forest

Density of buildings . .
building volume ratio

Number of buildings, Average height of buildings, Average building coverage ratio , Average

Budget Amount of welfare budget, Natural disasters management fund
Governance
Response personnel Population per 1 fire-fighting officer, Number of Officers (si-do)
Population under 5-year-old, Population of over 65-year-old, Number of the disabled, Number
Vulnerable populations | of Beneficiary of national basic livelihood, Number of construction workers, Number of skilled
Human agricultural, forest, and fishery workers, Number of grunt workers-temporary workers

Underlying disease

Number of people in hypertension, Number of people in diabetes

Population density Population density

5) 1% M 9 EAFH=AAT V12 AR
= gAskaL glod, A 9 b

AX AEHZE st Qich

4 € FAAA Y Fo] gaFY B 7|5 HHdE oS AME sHcE
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9] MoA HWRE, = A\ FeEAs BF ZAn
Aol o] A MAY BAZ HEs] ) ZAHY
. 4= BQUE, D, = EGASDL, HL = EY
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QoA s 194 FRACNA FHE 71& 7t T v
9] Z71% W HWRIE Z7}A71e FEE ojulshd,
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(10y& HWRL,Z W0EF (5, +26,HWRL,)7} A},
(HWRIS) §-A & 3}), , 7} HWRE © 9&sitte He 7t
A ATTER TeslE B89 dAuHeo] s
UeRd 4 e AAf,
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AL H7ME 4 . €dRA|7FA](Net Present Value,
NPV)H-Z 27| BYu]E 4 2FH8o] & 7ed+S
Helo] A =EHEE 7eE AAE Hlaste Hoj
= SHAI7E A5y, Y <4=2E(Internal Rate of Return,
IRR)H-Z || FARE 7t Hlwo] =2 AREE o] 2pA A

£ 7N R A AHY £9 S Ve BALE
B7kete Hlolls AR g2 A0 wdsto] 7+ V&
H AAe AA ¥t golgk BCRE BAY #4
ARE gt ojnf H-&2 7t Ve HATET
H|-&-S oufste, 7] FAH|-El HAH-& S7|&
9] ol wet vid Aok G- FAH-Eo] ZHETh
olof we} 79| A%t &2 27| FAMES UE&AF
2 U 3 A7t LQHE oA EN ALE

3.1, =S A0 QIS AElH &M FHa B
& Osi =4
[WBGTQ] 4| &4 717H20161 ~2022d) 52t 5¢

~ 99 7|2 XA WBGTS] HAZHe oF 15.84T(20174)
oA 16.44C(2022¢¥)= AAtElo] AR 15C FHHollA
16T F5t Afo]of] £x5t= 202 ALt 7Y W2
WBGT FAZo] #&H 20173(15.84)2 Aoz g
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2022(16.44)2 HAgo] T2 AxHTh o} A=z o
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=5} tH(Table 5). 2016W(21.37C)2 £4 7|7+ & 7V
2 BEaE B o2, 3 55 72 ASo=
S o] o 53 70| AH o= EA YRt st
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Table 5. Basic statistics of average WBGT by si-
gun—-gu from May to September

Year Min Avg Max

2016 16.36 21.37 23.10

2017 15.84 20.82 22.73

2018 16.08 21.25 23.25

2019 15.92 20.79 22.50

2020 16.20 20.78 22.23

2021 16.17 20.94 22.74

2022 16.44 21.09 22.94
9= Z7KE BQusol ggo] wdE Aoz, Fy
4 Aol FAXNLEE T35 = A= F14
2 + gt

S Ao A0R Uyt
(Table 5). o= A A7 AEYH 1,510,385% A F
0.18%0]l sfigst= F=xo|tt. Zof o5 5 BAHd 7
&7F 7P A VR sl 2018, 7 ZHA] UrERd o
£ 2020902 YERRT 201899 w54 A
76169 YL 7|E5900, ol HA IF AEH

0.48%0°] SlFol= X2 &AM v|ZE A 7PF 2 A
2 YERTE 20189 7]20] Hd ofH] 3A 553
o 7|229] ZFo g Q3 YA A5/t thE SjHTt

lo o rlo

Table 6. National total heatwave damage by year

r

. A
2t

T Ao siAd 4 ok 202069 =FABAMS
A2 6369 POz, EUN BIF A 0.04%= HA
£ 718513 em, o= o] Al7]9] WBGT gto] &47]
7 F 7P A Uit A dEES Eeldh

2F4A} FE HE-2 AB 279 Yo' YEHC
o, o] AB A WY 2,678 A 5 2F 1.0%2] H]
= Aok AoE Yyt 2948} Mg v o
Al Bt 7]20] =UE dfoll AHiHo R =A UEhTh

EA4717F 5 4 AleE AB 5 BA SRS
1569 Y02 FAEQItK(Table 6). AlHE AN H|F
o] 7P 2 A9 T FIAE, =34 S
(168 o] A=-A7] 5ol vl AA= Fou, A4
o8 A AFAEH(60,9779 ol o3 &4 v]Fo]
=7 Yelgth o] WBGTZ} 7|23 4o o&stng
EAAPolgh= A 81l Wt g Ak thH] Hi7]
23 PAEETE 22 - ggAe ABd &4 HSOl
A Yehd Z e si4E S ok e, A&, A5 5
AdH o g Hit7|2o] E2 FH AgoA &4 BFo]
E2 A0E UEEH ol& A9 w2 7% 5 5
714 891 9ol 59, BY, AxY 5, TR =5 8
Fol 400 W= F2 AR FARA} H|F0] 53.8%% A=
B2l 46.0% thH] 7] ol £AHo] TS A &E
H Zog AtmEth

AE A7e s &40 217 6019 4,
5859 Yo g AHQl e  Woll, F AFAEN
o] B} FAAXA thH| o} &HN H|F2 JFoR

[¢)

(Unit: Billion KRW, %)

Year Total heatwave damage Cost Ofilclir:ssfe(: febrile Labor productivity loss Total wages paid Loss fraction
2016 339.0 2.3 (0.7) 336.7 (99.3) 138,190.8 0.24
2017 168.0 2.0 (1.2) 166.0 (98.8) 132,741.5 0.13
2018 766.1 4.5 (0.6) 761.6 (99.4) 158,889.3 0.48
2019 199.3 2.7 (1.4) 196.6 (98.6) 168,885.8 0.12
2020 65.6 2.0 (3.0 63.6 (97.0) 142,592.7 0.04
2021 175.4 2.7 (1.5) 172.7 (98.5) 153,745.8 0.11
2022 161.3 2.9 (1.8) 158.5 (98.2) 162,223.4 0.10
Avg. 267.8 2.7 (1.0) 265.1 (99.0) 151,038.5 0.18

Note: 1) Heatwave damages are adjusted to 2024 real values.

2) The number in the parentheses indicates the proportion compared to the total heatwave damage.
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Table 7. Average heatwave damage by si-do (2016 ~ 2022)
(Unit: Billion KRW, %)

Si-do Total heatwave Cost. of .care for Labor productivity Total wages paid Loss fration
damage febrile illnesses loss

Daegu 16.9 0.10 (0.6) 16.8 (99.4) 6,097.7 0.27
Gyeongnam 21.7 0.22 (1.0) 21.5 (99.0) 9,034.9 0.24
Gyeongbuk 16.5 0.17 (1.0) 16.4 (99.0) 7,087.7 0.23
Jeonbuk 9.2 0.12 (1.4) 9.1 (98.6) 43237 0.21
Chungnam 13.0 0.12 (1.0) 12.9 (99.0) 6,252.4 0.21
Busan 19.3 0.14 (0.7) 19.1 (99.3) 9,550.2 0.20
Jeonnam 8.3 0.20 (2.4) 8.1 (97.6) 4,519.4 0.18
Dacejeon 7.3 0.09 (1.2) 7.2 (98.8) 4,116.3 0.18
Gwangju 7.2 0.09 (1.2) 7.1 (98.8) 4,096.1 0.17
Sejong 1.2 0.00 ( 0) 1.2 (100) 685.7 0.17
Incheon 12.3 0.15 (1.2) 12.2 (98.8) 7,257.7 0.17
Gyeonggi 59.0 0.53 (0.9) 58.5 (99.1) 36,519.8 0.16
Seoul 60.6 0.47 (0.8) 60.1 (99.2) 37,710.8 0.16
Ulsan 5.6 0.04 (0.8) 5.5 (99.2) 3,569.7 0.15
Chungbuk 6.7 0.10 (1.4) 6.6 (98.6) 4,740.1 0.14
Gangwon 22 0.07 (3.0) 2.1 (97.0) 3,785.4 0.06
Jeju 0.8 0.14 (17.2) 0.7 (82.8) 1,690.9 0.04
Avg. 15.8 0.16 (2.1) 15.6 (97.9) 8,884.6 0.18

Note: 1) Heatwave damages are adjusted to 2024 real values.
2) listed in order of highest percentage of losses

3) The number in the parentheses indicates the proportion compared to the total heatwave damage.
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Table 8. HWRI by si-do and year
Si-do 2016 2017 2018 2019 2020 2021 2022 Avg.
Seoul 37.67 37.51 42.70 37.61 37.24 38.88 40.01 38.80
Busan 30.87 31.01 36.96 30.33 30.66 29.89 30.50 31.46
Daegu 29.64 29.11 33.59 28.63 28.32 28.76 30.61 29.81
Incheon 29.84 28.37 33.58 28.74 2822 28.12 30.08 29.57
Gwangju 28.73 27.19 33.61 27.45 27.38 27.40 28.75 28.64
Daejun 29.62 29.27 33.42 29.25 2923 28.13 29.55 29.78
Ulsan 27.93 26.59 32.58 27.18 26.34 26.39 28.79 27.97
Sejong 23.65 23.84 30.31 25.30 24.86 23.42 24.84 25.17
Gyonggi 43.82 42.67 46.32 4236 42.86 4155 43.88 43.35
Gangwon 25.06 24.06 31.36 24.85 2478 25.17 27.94 26.18
Chungbuk 27.40 25.55 31.31 25.22 25.25 24.49 25.72 26.42
Chungnam 27.58 25.83 31.36 25.98 26.65 25.18 27.39 27.14
Jeonbuk 24.59 2422 31.63 23.85 23.84 23.44 25.61 2531
Jeonnam 26.47 25.66 31.97 24.69 24.12 23.89 26.02 26.12
Gyeongbuk 27.78 26.64 32.56 27.07 26.94 26.52 27.63 27.88
Gyeongnam 27.87 26.84 34.29 28.84 27.79 28.15 29.00 28.97
Jeju 22.09 21.22 25.51 20.82 21.29 2231 21.48 22.10
Avg. 30.84 29.94 35.68 30.02 29.91 29.68 31.37 -
(22.10) 5 HEd A9 MetHo g e 32 UE o s Bfolle = 7I5ed4d ARE
Wt 0.000806 AF5Al7]= A HAx 5%
e Fo|2 AWy, 20189 HWRIZ} 35.682 7} oA v«l Rl A=, L}E}‘;b‘/} oj2{gt £AA=
=% oH, o]% tha Aaste] 2020W7} 20210 XMV} AA F & & A A Rl
Z}Z} 29.91, 29.68= 7IE3 7t 2022d0] HHA] 31372 gt 71 &g =<l =4 23
HHsote = EAth ol#et Wik sfinith xoE Stk AR & o}
$ 523 2 g 47 71%0) BePo] WEh: o A B 24 A, 2 e FrE
59 ald] uet Y 257t WEHS Holz HWRIS] o|&30] ths) SAHOR folud uHgo
Table 9= &7 Fi& Z¢ 7|$&E4 M9 £24 WAS Z= Z0F YehgdthTable 8). HWRIL 49.23

o
X 713011 o3t 3l f4Ae] 2 AE A Holth &
A oA FHEIC} FF T, S E=sl O
E‘Q% nE £8 B2 Z< 7|1FHEY AR A5l
FYulgt P vA = AoRE Yeith WA, F¥E1
o] A% ViA & &8 F& ARE 0.0167 FSA71=
og FAEQoH, ol 1% FoFeEolA gt A
2 Yetsith F219] FeoE I m'y B8 BE A EE
0.000069 FSA71= AR Ve on, SA/HHES}
9] AL 1 m™& 0.000236 7} A5A|7]= A0 & YERG

>.
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Table 9. Step 1 regression estimation results (Dependent Variable: Physical Dimension)

. Estimates
Variables Parameters
(Std. errors)
0.0166578™"
clfog, 1)
fodi4 ! (0.0051166)
. 0.0000692""
clroof;, 0y
N (0.0000259)
. 0.0002358™"
grroof; 0y
’ (0.0000552)
pergola 5 0.0008064™
bt 4 (0.0004253)
Note: ™, ™, and * indicate significant at 1%, 5%, and 10% significance levels, respectively.

Table 10. Step 2 regression estimation results (Dependent variable: Amount of heatwave damage (1,000 KRW))

. Estimates
Variables Parameters
(Std. errors)
TR 3 -1,325,978.1""
WE ! (258,348.5)
HWRI
— 3 13,5103
HWRI 2 (2,700.5)
34,011.2
HF By
(23,515.2)
13,785.4™
HD By
(4,255.1)
i 1,131,187.3™
Weather variables HI Bs
(152,488.1)
29,314.4™
PHD Bs
(8,550.2)
-57,079.3
PHI B
(34,145.0)
-3,166,219.2
Intercept ﬂ[)
(6,382,526.7)
Note: 1) result for the mean equation
2) ™, ™, and " indicate significant at 1%, 5%, and 10% significance levels, respectively.
F2AD % e MMt 9§ A4P5E, De)T BY WA A 57} 5248 F
W, 7 gNSY A BANGYS(HD), BAFE @ Wt 2A dehbs Aow ey
(D), HNEZFFLF(PHD)7E TAXLR =4 1A12L 264 3A4Z S5 F4E ATE &85t
A F7H71e AR FAHEUT A ZH Al £ oS 7€ AEYS 28T 5 3
t Z299 AHHPES} FEE Bt A0 7, EQjo] @ THTable 9). ZF A9 HWRI 3+ Aolshd, 4 (11)
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Table 11. Marginal benefits of installing heatwave response technologies by si—do

(Unit: KRW)
. Rooftop and Wall
Si-do Hﬁ/\R " Cooling -fog Cool zoof Greening Pergol.a
(/1 location) (/m°) () (/1 location)

Seoul 38.80 4,548,684 18,896 64,389 220,201
Busan 31.46 7,853,711 32,626 111,173 380,196
Daegu 29.81 8,597,203 35,715 121,698 416,188
Incheon 29.57 8,706,374 36,168 123,243 421,473
Gwangju 28.64 9,121,484 37,893 129,119 441,569
Daejun 29.78 8,609,147 35,764 121,867 416,767
Ulsan 27.97 9,423,745 39,148 133,398 456,201
Sejong 25.17 10,682,928 44,379 151,223 517,158
Gyonggi 43.35 2,501,369 10,391 35,408 121,091
Gangwon 26.18 10,231,828 42,505 144,837 495,320
Chungbuk 26.42 10,120,895 42,044 143,267 489,950
Chungnam 27.14 9,798,611 40,705 138,705 474,348
Jeonbuk 25.31 10,621,274 44,123 150,350 514,173
Jeonnam 26.12 10,258,245 42,615 145,211 496,599
Gyeongbuk 27.88 9,466,299 39,325 134,000 458,261
Gyeongnam 28.97 8,975,004 37,284 127,046 434,478
Jeju 22.10 12,065,920 50,124 170,799 584,108
Avg. 29.10 8,916,631 37,042 126,220 431,652

Note: Benefits are adjusted to 2024 real values.

Table 12. Installation cost per unit of heatwave response technologies

. . Persisting period | Annual maintenance .
Technologies Installation cost Annual total cost Convertion to KRW
(year) costs

Cooling fog 100,000,000 25 7,200,000 11,200,000 -

Cool roof $129 10 $2.58 $15.48 22,446

Rooftop and Wall
. $223 40 $28 $33.73 48,908
Greening
Pergola 2,000,000 108) 300,000 500,000 -

Note: Costs are adjusted to 2024 real values.

Source: Author's calculations based on manufacturer interviews, Manso et al. (2021), William et al. (2016), and Jungrang District Council

(2021)
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Table 13. BCR analysis of heatwave response technologies by si—do

. Rooftop and Wall
Sido Cooling .fog Cool zoof Greening Pergol.a
(/1 location) (/m?) () (/1 location)

Seoul 0.41 0.85 1.32 0.44
Busan 0.70 1.46 2.29 0.76
Daegu 0.77 1.60 2.50 0.83
Incheon 0.78 1.62 2.54 0.84
Gwangju 0.81 1.70 2.66 0.88
Daejun 0.77 1.60 2.51 0.83
Ulsan 0.84 1.75 2.74 0.91
Sejong 0.95 1.99 3.11 1.03
Gyonggi 0.22 0.47 0.73 0.24
Gangwon 091 1.91 2.98 0.99
Chungbuk 0.90 1.88 2.95 0.98
Chungnam 0.87 1.82 2.85 0.95
Jeonbuk 0.95 1.98 3.09 1.03
Jeonnam 0.92 1.91 2.99 0.99
Gyeongbuk 0.85 1.76 2.76 0.92
Gyeongnam 0.80 1.67 2.61 0.87
Jeju 1.08 2.25 3.51 1.17
Avg. 0.80 1.66 2.60 0.86
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