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Evaluating the Effectiveness of Heat-Wave Adaptation Policies against
Climate Risk: Application of Local-Level Health Impact Assessment
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Abstract

This study aims to empirically assess the effects of heat-wave adaptation policies on the incidence of heat-related
illnesses. The study period is the summer of 2018, in which the temperature in South Korea reached a record high. We
tested the four generalized linear models, including the Poisson, negative binomial, zero-inflated Poisson, and zero-inflated
negative binomial regressions. After fitting these with the heat-related patients count data, we selected the zero-inflated
negative binomial analysis for its superior goodness-of-fit. The results suggested that temperature increment is associated
with the number of patients with heat-related symptoms regardless of whether or not a heat warning went off. Further, the
empirical results demonstrated that the increase of both urban forests and cooling shelters in residential areas are asso-
ciated with lower incidences of heat-related illnesses. Given that climate change is expected to increase the intensity and
duration of heat waves, it is necessary to establish better systems for both weather prediction and information delivery in
implementing heat warnings. Furthermore, this study suggests that green land use planning and heat-illness prevention
programs could be viable measures for preventing adverse effects on human health from extreme weather events.
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Table 1. Temperature and number of patients per day

Description Mean S.D. Min Max T-test
. Warning 3452 234 268 41.8
Daily max. t=-5770
temperature None 2920 353 202 392 .
() p=0.000
Total 3217 394 202 418
Numberof Warning 350 406 00 250
patients t=-18.86
(Person/ None 140 273 00 260 0=0.000
Day) Total 257 368 00 260

Table 2. Descriptive statistics

Mean S.D. Min Max VIF
257 3.68 0.00 26.00 -
3217 394 20.18 41.80 1.37

Description

Heat-iliness patients per day

Temperature (C)

Heat-warning

Hazard consecutive days 8.09 11.11 0.00 42.00 1.47

Weekdays

(Weekends=0) 0.73 045 0.00 1.00 1.00

Population (million) 039 025 0.02 120 1.62

Ratio of elderly

e 1437 406 837 3070 2.71
population (%)

Expos- — -
ure  Fiscal selfreliance 49 99 1599 1690 67.90 1.61

ratio (%)

Ratio of non-urban ) g9 3480 0.00 97.89 2.29

areas (%)

Total forest areas

(m1.000 people) 031 125 0.00 868 133
Adapt- - Neighborhood forest g 01 43 45 000 9360 1.17
ation  areas (m*/1 person)

Cooling shelter

(ho/1000 People) 061 066 0.07 337 3.00
agl, =489l Igal Fgadler AdEnt el &

AHP2T= B 32.2C, Y SR ZAEE A&dee
Bt 8YE YL, 4002709 AR F HY2 72.6%, U
27.42%°] SFsIATt, & 2919 FL 72X A o4t}
Bt 3%t ], AR Bl Bt 14.4%, A EE B
38.9%, HIZAIA|S H[&2 Bt 22.9%5 UERHCE X&B&ﬂiﬂ

] g5 KﬂHAEi— Bt 0. 617Hii
Uebdtt, o]#st WaE 7He] BAMIAA| S (variance inflation
A TH A = = A 2 AS

o % 9
2. BT Y MBtE g

(Table 3)-> ol 22l HpTHS: FQlato] 7RALR S
£ 2ok AR, FolF I HRY, FJute) EokEY
Q) FolFRFY By AYP=EE wlwst Autolrt, WA,
Model 1:= Zolg 3wy o] EAANE %Ehﬂétﬂ, of At
o] dFa7]2o] 545, g U7HA 2 244

Tl =
7898, Fuds 490l 43RS 29 ; AR

THER Xl—/—"\—%—’?ﬂ ’3} 01‘)’1& L. OIHH( exP(O 003))
F Yo sligsh= 73 1,941 (= exp(0.665)) 57Fk= A& <jv]
g,
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Table 3. Model comparison

Model 1. Poisson Model 2. ZIP Model 3. NB Model 4. ZINB
Variables
Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.
Temperature 0.140 **  (0.003) 0.076 **  (0.004) 0.143 **  (0.006) 0.103 ***  (0.007)
Sioknoss Heat-lasting days 0.005 ** (0.001)  0.002*  (0.001)  0.006** (0.002)  0.001 (0.002)
Weekdays 0.665 ***  (0.027) 0.368 ***  (0.029) 0.689 ***  (0.048) 0.566 **  (0.051)
Constant -4.266 % (0.109)  -1.536 F%*  (0.123)  -4.403 **  (0.202) 2779 ***  (0.232)
Temperature -0.209 **  (0.012) -0.165 ¥ (0.025)
flate Heat-warning days -0.018 **  (0.004) -0.339 ** (0.103)
Weekdays -1.039 **  (0.087) -1.060 **  (0.182)
Constant 6.834 **  (0.390) 4.881 **  (0.738)
a 1144 %% (0.041)  0.854 ** (0.039)
Log likelihood -10591.15 -9426.606 -8105.65 -8020.804
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sk <001, #* p<0.05, * p<0.1
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Table 4. Effectiveness of heat-wave adaptation policies

Model 5. ZINB (All days)

Model 6. ZINB (Days with heat warning)

Variables Sickness Inflate Sickness Inflate
Coef. S.E. Coef. S.E. Coef. S.E. Coef. S.E.
Temperature 0.102 ** (0.007)  -0.199 ** (0.043) 0111 ** (0.010) -0.403*  (0.170)
Hazard Heat-lasting days 0.006 ** (0.002) -0.207 (0.141)  0.010*™* (0.002)  0.127*  (0.061)
Weekdays 0.614 ** (0.049) -0.842 ** (0.235) 0.634 *** (0.048)  -0.727 (0.664)
Population 0.764 ** (0.103)  -9.057 ** (1.378) 1276 ** (0.114) -45756* (23.117)
Exposure Elderly ratio 0.025** (0.011)  -0.083**  (0.039) 0.008 (0.010)  -0.120 (0.657)
Self-reliance ratio 0.016 ** (0.002) -0.032** (0.012) 0.013 ** (0.002) -0.656 (0.487)
Non-urban ratio 0.004 ** (0.001)  -0.007 (0.005) 0.007 ** (0.007) 0.245 (0.168)
Total forest -0.017 (0.032) 0.001 (0.092) 0.042 (0.030) 5.098 (3.972)
Adaptation  Neighborhood forest ~ -0.018 ***  (0.005) 0.002 (0.013)  -0.013** (0.004) 0.293 (0.210)
Cooling shelter -0179* (0.079) -0.083 (0.262)  -0.1647** (0.071) -41214 (35.045)
Constant -4.018 **  (0.310)  11.107 ** (1.860)  -4.335** (0.390) 42.2563 ** (19.190)
Alpha 0.710 *** (0.034) 0.572 ** (0.029)
Log likelihood -7710.05 -5032.98
AIC/ BIC 15466.11/15611.39 10111.96/10243.86
N 4,092 2,287
*% p<0.01, ** p<0.05, * p<0.1
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