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Roles of urban heat anomaly and
land-use/land-cover on the heat-related
mortality in the national capital region

of South Korea:

a multi-districts time-series study
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30km buffer(n=42)

35km buffer(n=47)

40km buffer(n=51)

Hoj& §BA7

EA SR E(%)

=4 -0.69

A -0.72

=AE -0.36

=t -0.44

F4 -0.17

BEFH A9 0.64

A 0.66

= 0.59

§ -0.58
§ -0.63
¥ -0.25
§ -0.43
-0.17
§ 0.55
§ 0.66
§ 0.53

-0.54
-0.59
-0.23
-0.48
-0.25
0.99
0.69
0.55

Note. p-value( < 0.01: §, < 0.05: f, < 0.1: T )
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WA= 54 719 75th et thr] 99th S Aepd oA o] A&

AR

daeid ez AoE

30km buffer(n=42)

35km buffer(n=47)

40km buffer(n=51)

e Y FIFE(PI)(95% 127 7H)

13.74(7.77, 20.05) §

A2AFAE A =N T B (per 0.1°C)
EA G T 2.65(-0.13, 551) ¥

EXNEAZA R A2ATAH

=] 0.03(-0.44, 0.51)

Ahd 0.09(-0.32, 0.51)

=AY -0.02(-0.51, 0.47)

=Rt -0.5(-1.24, 0.23)

F A -1.35(-6.14, 3.69)

=Frd A9 0.04(-0.41, 0.5)

A 0.2(-0.37, 0.78)

S ~0.8(-25, 0.93)

13.49(7.94, 19.32)

2.35(-0.11, 4.87)

1A 39 AA(per a percent; EAGA & BAT)

0(-0.38, 0.39)
0.04(-0.3, 0.39)
-0.03(-0.47, 0.42)
-0.41(-1.1, 0.29)
-1.39(-6.12, 3.58)
0.02(-0.35, 0.39)
0.11(-0.41, 0.63)
-0.64(-2.06, 0.8)

§

.*.

12.78(7.49, 18.34)

2.31(0.11, 4.54)

0.02(-0.35, 0.39)
0.05(-0.28, 0.38)
-0.02(-0.4, 0.36)
-0.4(-1.03, 0.23)
-1.5(-4.9, 2.03)
0.04(-0.31, 0.39)
0.12(-0.38, 0.62)

-0.49(-1.84, 0.87)

Note. p-value( < 0.01: §, < 0.05: ¥, < 0.1: T )
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E 5. 40km buffer AGNA 2 9Fo] HE TP LATNY L LLAFNY, EAGHEH, EX
EHAE WS 29 ABA.

BE A9 A8 Z/RPDE BANYen BE ot 95% 4277kl AR DL Ee 4
Qe gn s o8 719 75th AU ojn] 99th A A B el M) AEES] Arjee o ot

6541 W=t 6541 ©] & @A oA
A E Y FIFE(PI)(95% 12 7+7F)

40km buffer(n=51)

T2AE Y E (%)
99 A1E9Ey 0.08(-8.7, 9.71) 17.28(10.69, 24.27) § 9.65(2.82, 16.94) § 1456(655, 23.18)  §

LA DI EAAHNEHY @A (per 0.1°C)

A d e 092(-3.23, 5.24) 2.8(0.17, 5.5) ¥ 1.89(-1.03, 4.9) 2.87(-0.46, 6.31) +
EANEARA R T2AEAEH9 A A (per a percent; EAEHEH BAT)
=] 0.1(-0.61, 0.82) 0.01(-0.43, 0.46) 0.12(-0.38, 0.61) -0.1(-0.66, 0.46)
= 0.2(-0.44, 0.84) 0.03(-0.37, 0.43) 0.06(-0.38, 0.51) 0.04(-0.47, 0.54)
TAE 0.08(-0.67, 0.83) -0.03(-0.48, 0.43) 0.11(-0.4, 0.62) -0.18(-0.75, 0.4)
=% -0.77(-1.98, 0.46) -0.28(-1.04, 0.48) -0.37(-1.2, 0.48) -0.47(-1.4, 0.48)
A -4.17(-10.7, 2.83) -0.71(-4.79, 3.55) -2.41(-6.92, 2.32) 0.36(-4.72, 5.7)
B25rd A9 0.1(-0.59, 0.8) 0.01(-0.41, 0.43) 0.08(-0.39, 0.55) -0.02(-0.56, 0.52)
IR 0.56(-0.42, 1.55) -0.07(-0.67, 0.53) 0.11(-0.56, 0.78) 0.15(-0.61, 0.92)
=2 -011(-27, 255) -0.65(-2.26, 0.98) -0.71(-2.49, 1.11) -0.3(-2.36, 1.81)

Note. p-value( < 0.01: §, < 0.05: %, < 0.1: T )
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Sl EANEHEHE BASA 2 A Z2AEAIEH} EXNEIAES 4

ry
o,

30km buffer(n=42) 35km buffer(n=47) 40km buffer(n=51)

e Y FIE(PI)(95% 12 7+7H)

EXNEARAFE 12AE A9 #AA(per a percent, EAEBAHAEHY BASNA &S

=4 -0.21(-0.56, 0.14) -0.17(-0.49, 0.15) -0.16(-0.47, 0.15)

A -0.15(-0.44, 0.14) -0.13(-0.41, 0.14) -0.13(-0.4, 0.13)

A -0.17(-0.62, 0.29) -0.12(-0.56, 0.31) -0.11(-0.48, 0.26)
=R -0.67(-1.36, 0.01) T -0.57(-1.22, 0.07) T -0.58(-1.15, -0.01) T

A -2.28(-6.92, 2.58) -2.27(-6.86, 2.55) -2.29(-5.56, 1.09)

TR A 0.24(-0.11, 0.59) 0.18(-0.13, 0.48) 0.2(-0.08, 0.48)
g 0.39(-0.04, 0.82) T 0.31(-0.09, 0.71) 0.33(-0.04, 0.7) T

S 0.25(-1.15, 1.67) 0.11(-1.13, 1.37) 0.29(-0.87, 1.45)

Note. p-value( < 0.01: §, < 0.05: 1, < 0.1: 1)
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HE S2. 30km buffer Ao A Z o] ME FHE L2AFHTE 2 L2AEHE, SAEHEH

B Z71E(PDE TdHJ o &3S Qto)= 95% Al G-7to] 7| A% Ak A9 e o] A

E

)

A

e gu= o532 7129 75th HAErY div] 99th HAELL el A o] AlES FUfid ez AgoJs .

654 =] 9t
30km buffer(n=42)

654 °]-&

=R

4 4

A E Y FIFE(PI)(95% 12 7-7F)

T2AE (%)
EH" AEHEn -2.78(-12.22, 7.67)

20.37(12.82, 28.42)

A2A N YT =AG T B4 (per 0.1°C)

EAEd &t

1.55(-3.71, 7.1)

EXERAEY} 1LA}

=] 0.16(-0.76, 1.08)

e 0.42(-0.35, 1.2)

TATY 0.11(-0.86, 1.09)

=%  -1.31(-2.62, 0.03)

A -4.98(-14.5, 5.56)

255H 29 0.38(-0.51, 1.29)

IR 1.02(-0.08, 2.14)

=2 0.16(-3.12, 3.56)

2.89(-0.44, 6.33)

-0.01(-0.57, 0.56)
-0.01(-0.5, 0.49)
-0.02(-0.6, 0.56)
t -0.15(-1.03, 0.75)
-0.41(-6.11, 5.63)
-0.1(-0.64, 0.45)
t  -0.17(-0.85, 0.52)
-1.23(-3.26, 0.85)

11.29(3.53, 19.64)

2.23(-1.48, 6.09)

4918 32 A A (per a percent; EAEHEH BATH

-0.02(-0.66, 0.61)
-0.06(-0.61, 0.5)
-0.08(-0.73, 0.58)
-0.4(-1.37, 0.59)
-0.13(-6.53, 6.71)
0.12(-0.49, 0.73)
0.33(-0.44, 1.11)
-0.56(-2.83, 1.76)

14.54(5.57, 24.27)  §

3.31(-0.91, 7.7) T

0.11(-0.61, 0.83)
0.28(-0.35, 0.92)
0.06(-0.68, 0.79)
-0.75(-1.84, 0.35)
-2.3(-9.26, 5.19)
-0.01(-0.7, 0.69)
0.11(-0.76, 0.99)
-1.11(-3.72, 1.57)

Note. p-value( < 0.01: §, < 0.05: §, < 0.1: T)
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HE S3. 35km buffer Aol A Z o] ME FHE L2AFHE 2 L2AEHE, SAEHETH

B Z71E(PDE TdHJ o &3S Qto)= 95% Al G-7to] 7| A% Ak A9 e o] A

E

)

A

e gu= o532 7129 75th HAErY div] 99th HAELL el A o] AlES FUfid ez AgoJs .

654 w9t
35km buffer(n=47)

654 °]-&

=R

4 4

A E Y FIFE(PI)(95% 12 7-7F)

A2AE A (%)

39 A48 Y -1.4(-10.55, 869)

LA DI EAAHNEHY @A (per 0.1°C)
EAEAHEY 1.62(-3.12, 6.59)

EXERAEY} 1LA}

=] 0.07(-0.7, 0.84)

e 0.23(-0.44, 0.9)

=AE 0.02(-0.89, 0.93)

=%  -097(-2.31, 0.38)

A -4.73(-14.3, 5.93)

255H 29 0.23(-0.51, 0.98)

IR 0.77(-0.26, 1.81)

=2 0.09(-2.69, 2.95)

19.03(12.08, 26.4)

2.51(-0.43, 5.55)

0.01(-0.45, 0.47)
0.01(-0.41, 0.42)
0.01(-0.52, 0.54)
-0.18(-1.02, 0.66)
-0.46(-6.08, 5.5)
-0.07(-0.51, 0.36)
-0.18(-0.8, 0.44)
-0.97(-2.66, 0.75)

10.14(2.99, 17.79)

2.03(-1.26, 5.42)

4918 32 A A (per a percent; EAEHEH BATH

-0.01(-0.53, 0.51)
-0.02(-0.49, 0.44)
-0.06(-0.66, 0.55)
-0.42(-1.34, 0.51)
-0.11(-6.43, 6.64)
0.1(-0.4, 0.59)
0.18(-0.51, 0.88)
-0.59(-2.48, 1.33)

15.31(6.92, 24.37)  §

2.92(-0.82, 6.8)

0.03(-0.56, 0.63)
0.14(-0.39, 0.67)
0.04(-0.64, 0.72)
-0.48(-1.51, 0.56)
-2.42(-9.22, 4.88)
-0.07(-0.63, 0.5)
0.06(-0.74, 0.86)
-0.73(-2.91, 1.49)

Note. p-value( < 0.01: §, < 0.05: §, < 0.1: T)
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¥ S4. U7AE EX (2241499938 Ao 50th HAEY thy] 99th HAeld A9 )
E9E A9 2 uAEYE, SAGH Y, EXEAAE IS HY] A3 B A= HAEd
S7HEPDE FdEH o Z35 oto= 95% A ZF7Eo] 7[AH AT, AT ] A dn = 542 7]

30km buffer(n=42) 35km buffer(n=47) 40km buffer(n=51)
A e FIFE(PI)(95% 412 F+7F)
I2A 18 (%)
Y9 A9 gy 13.76(7.74, 20.11) § 12.83(7.26, 18.69) § 12.45(7.11, 18.05) §

a2A AT =AEd R B (per 0.1°C)
EA G E T 2.21(-0.57, 5.06) 2.09(-0.38, 4.62) ¥ 2(-0.19, 4.24) ¥

EXNEAAES n2A1EE A9 #AA(per a percent; EAEBAH & BAZ

=4 0.09(-0.39, 0.57) 0.09(-0.3, 0.49) 0.09(-0.28, 0.47)

A 0.14(-0.27, 0.56) 0.13(-0.22, 0.49) 0.13(-0.21, 0.46)

=AE -0.18(-0.67, 0.31) -0.14(-0.59, 0.31) -0.16(-0.54, 0.22)

=% -0.52(-1.26, 0.23) -0.48(-1.19, 0.23) -0.46(-1.1, 0.18)

A -2.48(-7.28, 2.56) -2.27(-7.02, 2.73) -2.01(-5.44, 1.54)

5 A9 0.03(-0.43, 0.49) 0.01(-0.37, 0.38) 0.03(-0.33, 0.38)
g 0.18(-0.4, 0.76) 0.1(-0.43, 0.63) 0.09(-0.42, 0.6)

S -0.66(-2.38, 1.08) -0.63(-2.07, 0.83) -0.47(-1.84, 0.92)

Note. p-value( < 0.01: §, < 0.05: f, < 0.1: T)
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¥ S5 9U7AE EX(22A14938 Ao 90th HAEY thy] 99th HAetd A9 )
E9E A9 2 uAEYE, SAGH Y, EXEAAE IS HY] A3 B A= HAEd
S7HEPDE FdEH o Z35 oto= 95% A ZF7Eo] 7[AH AT, AT ] A dn = 542 7]

=9 90th HAEFd thr] 99th HAEtd oA o) AFgEe] diidd oz Jofs At

30km buffer(n=42) 35km buffer(n=47) 40km buffer(n=51)
YAEFY FIE(PI)(95% 2 F+7F)
I2A (%)
E9E ALY 10.17(4.5, 16.15) § 9.95(4.74, 15.41) § 9.25(4.29, 14.45) §

I2AEAEH =ANEHEHY #A (per 0.1°C)
EAgd & 2.03(-0.73, 4.87) 1.79(-0.65, 4.28) 1.81(-0.35, 4.03) t

EXNEAXFES n2AEE 39 #AA (per a percent; EAEHEH BAZ

=4 0.03(-0.44, 0.51) 0.02(-0.35, 0.39) 0.04(-0.31, 0.4)
A 0.03(-0.38, 0.44) 0(-0.33, 0.34) 0.02(-0.3, 0.34)
=AE 0.22(-0.25, 0.7) 0.2(-0.24, 0.63) 0.18(-0.19, 0.55)
=i -0.7(-1.4, 0.01) T -0.53(-1.18, 0.13) -0.51(-1.12, 0.1) t
4 -2.23(-6.92, 2.69) -2.27(-6.88, 2.58) -2.29(-5.78, 1.32)
5 A9 0.14(-0.31, 0.6) 0.05(-0.3, 0.4) 0.07(-0.26, 0.4)
B 0.26(-0.33, 0.85) 0.12(-0.39, 0.63) 0.13(-0.35, 0.62)
= -0.19(-1.93, 1.58) -0.27(-1.65, 1.13) -0.17(-1.48, 1.15)

Note. p-value( < 0.01: §, < 0.05: , < 0.1: )



(@) (b)

Average temperature (°C) Average temperature (°C)
23.1-23.7 23.1-236
23.7-24.1 23.6-24.0
24.1-244 24.0-24.3

244-246 24.3-245
. 246-249 . 245-249

(c)

Average temperature (°C)
23-236
236-238
23.8-243

243-245
. 245-249

A

a9 S1. Z buffer @ E5F %9 AHH ExE,

(a) 30km buffer, (b) 35km buffer, (c) 40km buffer.
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(@)

0k

©

(e)

(6:9]

18 S2. 40km bufferdl Al EXEAX F(%)e X8 HA

(b)

Greeen coverage (%)
11.0-246
24.6-315

o 31.5-4438

- 448568

- 56.8-74.7

@

Urban forest (%)
3.0-12.1
12.1-189

o 189-242

- 242-329

- 329-69.1

®

Wetland (%)
0.0-0.0
0.0-0.0

mo00-00

- 0.0-04

- 04-91

)

Building (%)
45-124
124-252

= 252-324

- 324-40.6

- 40.6-54.6

(a) =4, (b) A, (o) =AIH, (d) =2, (e) A, ()

(g) ¥4, (h) 2.
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Woodland (%)
03-73
73-206

= 206-33.1

- 33.1-46.6

. 46.6-66.3

Crop-field (%)
0.0-0.5
05-34

mo34-102

- 102-148

. 48-32.1

Impervious area (%)

267-373
- 373-474
. 474-580
- 580-83.9

Road (%)
3.1-84
8.4-10.0

= 100-133

- 133-155

- 155215

i
e

i
=
ah
g
)
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Abstract

Roles of urban heat anomaly and
land-use/land-cover on the heat-related
mortality in the national capital region

of South Korea:

a multi-districts time-series study

Jeongju Jang
Department of Biostatistics and Epidemiology

The Graduate School of Public Health

Seoul National University

Background: The urban heat anomaly has been suggested as a
representative risk factor for human health in metropolitan
areas, but few studies have measured a quantitative increase in

risk due to the urban heat anomaly on heat-related mortality in
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the summer season or assessed the role of various types of
land-use/land-cover(LULC), which may contribute to the urban

heat anomaly.

Objectives : In this study, we evaluated the association
between the urban heat anomaly and heat-related mortality risk
in the summer and the potential roles of multiple types of
LULC indicators.

Methods @ We used district-level time-series and cadastral
data from 51 urban districts in the national capital region of
South Korea. We applied a two-stage analysis. In the first
stage, we estimated the district—specific heat-related mortality
risk by using a distributed lag non-linear model. In the second
stage, we used a meta—analysis to pool the estimates across all
districts and calculate the association between the urban heat

anomaly/LULC indicators and heat-related mortality risk.

Results : We found that the higher urban heat anomaly was
related to lower vegetation and higher urban surface indicators,
and the urban heat anomaly was positively associated with the
heat-related mortality risk. The association between the urban
heat anomaly and the heat-related mortality risk was more
pronounced in the elderly(age = 65 vyears) and female
population than in the non-elderly and male population. We also
found that the LULC indicators affected the heat-related

mortality only through the urban heat anomaly.
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Conclusion : Our findings indicate that urban areas may be
more vulnerable to heat-related mortality risk as determined by
the urban heat anomaly. These results suggest a need for
urban heat mitigation strategies such as increased vegetation or

surface albedo to help reduce heat-related mortality risk.

Keywords : Urban heat anomaly, Land-use/land-cover(LULC),
Urban development policy, Heat—mortality risk

Student Number : 2018-29058
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