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ABSTRACT

Natural disasters cause significant damage worldwide. Heavy rains also increase health risks and affect public health. It
is crucial to establish systematic survey systems to understand the health effects of climate change. Therefore, this
survey-based pilot study aimed to identify the health effects of extreme rainfall. Meteorological data were collected from the
Korea Meteorological Administration (KMA) in Seoul. The study subjects were the residents of Gaepo Xi, who visited a social
welfare or health care center. All subjects agreed to participate in a survey conducted during and within 1 ~2 weeks of heavy
rainfall. A total of 37 participants was included in the study. An analysis of the participants’ responses was conducted using
the Public Health Assessment for Emergency Response (PHASER). The results indicated that women, apartment residents,
elderly, and single households were more likely to report a higher rate. The survey revealed that the studied instance of heavy
rainfall did not cause flood damage or health problems. In addition, the heavy rainfall did not affect health outcomes.
However, a survey was conducted during and within 1 ~2 weeks of heavy rainfall using a validated tool among participants
from various socioeconomic levels, including apartment residents in Gangnam-gu and those receiving nursing visits. To
determine the health effects of heavy rainfall, more studies need to be conducted using secondary data, such as cohort and
panel data. There is need for survey systems on the domestic and international policies related to the health effects of climate
change.
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A AR HE52F, HE 59 7IFHs= Qg
AR5 W) wAYo] Z7ksti QIEHIPCC, 2018; Kang
and Choi, 2023). A|A7]A7]7-(World Meteorological
Organization, WMO)°]] w2 7|& H3I}Z2 QIsH X AA
8 I ALE 19708 71170 B3 oLt 2010E
3165402 9F 58] F5FTHCho and Kim, 2012). $-]
Ut ox WEES, BE 57 2L A B
o AT o 20204 B WF B9E <3 Al
o 457, A% 129, 24 79, olAful 6946%o] WA
th(Kang and Choi, 2023). 2022 Z9L A7+t 99l
= 297 U WeE Atk 20239 B9 3 2
o] ¢ @ol & 1s}E YUrh(Kang and Choi, 2023).
2023 797 S5 ZFA G 500mm7t = FL7F &
ObAIEA ABkAE} AZeElo] A% 170 1 R AR
239 5 1 AP AP CHKIm et al., 2023).

1% wisk A A H ks 2AH Esfn
o] opd At w7t At B o]F 9L, B A A}
T AEY A Ao (PTSD, post-traumatic stress disorder) 5
YA 7755} o] Lol FIEEKCho, 2019; Lee et
al.,, 2021; Lim and Sim, 2018; Sim, 2019). A% A+ =
At wjsfiatet Aol =EEHA g2 2] HuE
B9 A T A7 2E, 9, 58 e D 4o
o] Uth= 235 gRIsATHCho, 2019). 3 714 &
QA ojgo] g At MaRolA oF 243%7} A
PTSDY] YIFO =2 &ot= Aow YERFOH(Lim and
Sim, 2018), PTSD 9JgF#o 2 BFE Autulsix=S o
Ao 9-goli} Bt oo B UL 19%2 ekt
th(Sim, 2019).

AT 7T wstz odak A Ha| WA A%
P Aol Eelgo wet Al E 7|7k s
qPHoz 4RE +UGE 24V dasit JFe
2008 A H 7S jof LAk = WollAl 7
sz Q) Uehit Qg Woksh, 3Rol 33
gg SAefE BYH] U FA WIHCCRA
Climate Change Risk Assessment)S 5wttt AA|5}al Q)
o ml= 7] HEke] AZFRF Frte] gtk kWS
A gigtot I, BETL 9 ARA 18 A
QoA 71wste] Qge 238753 UrHChae,
2018; Park, 2016). S-2|ueh= 20174 2¢¥ R|7L24dst 5
O g QIgt 7| RS F 119 Aol FF= mof whet
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Attt A3 2A] W8 E 5ol =
29 7% Wglo] 2 A 59 ¥ AR, I8 dF
A A FE Sofl TRt Aol s 719 B Q1A AE
AE A 4 e s Skl 1By 18t B EoF
oAl =7t Frsto] 7|FHstE Qg AT 7t
JAo] glstA FREA] Qok7] o] #ol LA st
719 B QIA-AG AH RARE F71H R HAHA|
Z5l= AAo|tH(Chae, 2018).
of 5= HE 5 7IFHE Qg AAA 7t
A7l A B} 2
oe AEE Bl Q)
(Chae, 2018). w}ghA
% 7% oMES 3
o

2 ZAKPilot) F4] 0.

)

l

12

A7l 2APE Zasitt
At A= 715 skE Q1% =
(Heavy rainfal)Z A17g3}o] 7]
bga AHEAE ST,

S~

]

J
b o o ©

r

(v

tu of
o

=)
oN

N
re
4
o
113

21. 71 d4 =3

7144 A 2] (https://www.weather.go.kr) S 225}
o 2023 7~8¥Tt A=Al TEH, 5, AEH, AR
AW g g7, H7e, A7, B, 9
S, B9ER, GEHE 5 /14 ARE +Us 7]
B dHelo] w59 AR A A7 2ol
90 mm o4} A FEAY 12A17F ZF--5Fo] 180 mm o4
dArE wz AHolsty 52 FoH o] AL A7 FoF
o] 60 mm O AGEAY 12A]7F 7320l 110 mm O]
A aidE g2 oottt k3t HE HEE vt
7t HF FFdEol xFE FASE At £ A
= TSt AE-EEYR(HYU-2023-125) 5=
dro} X3 =] it

20234 79 1YEE 89 3147 “AHE #po] 5 1
o, “ABES AR T HE AHeF i WS
S ojflER Agste] ZAE WS

“NE zpo] H4= mar9] 3¢ 20239 79 11Y 0%
2A] 208% AE BT NEF AE Ao] THAEA &
A Yoll= BlEo] F45HA fd=of sigrt 45 Aot
Al o]Fo]X|A] Qko} Fo] WA= @Al LA A
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o}A HjERof E|ZEo| o|HA| X5t Fa}
o] = UF F7to] BuY FAfo] WHAgst
S AE WY o] F¢- 20234 7€ 13Y
] 7]1& S9-FoH7 SHEZ AT
Jupd Ao] 139 ghitzof ZAshe A=tof
H7F WeE| 2 Qs 7k BhAto] REANS Ao
15597 HAEY AupdAde 14UEE HEE &
02 o2y HA dFU7 T2 H|E Lot UE
Agoletal HEE it “EiF 7He"9] A% 714 T o]
# Ao gFo] I YES GEo = HEoIHA
Z3e v A @2 v E BRlon A REE A9
oA HHETHEEE Al 70 km(Z% 20 m) o4
Higo] E9lttal = th(Kim, 2023).

2 AT st A AAREES B3 2AE A
St AL T oftE AFAL 9 HHEHAAE
HUHAS, ol FA] Aldo] &5t o] Gl A& A
75 oz APt olof] 2AF LA} hAFR;
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ZAAE Q] - 2023 89 16~ 18Y, A&+ AFTEA
SEAH, 5T vPEE RS, AT ARLE =QIEX
AE9 A2 2023 79 28YE FETQ oHIEZHE
1~23 oy Zofo] 593t WA= RE FP= U
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23. 2 &7

B 2L UFEE A8 A7 19 oS A
BZA -85 ZAKPublic Health Assessment for Emergency
Response, PHASER)O| wat A&E5}tH Appendix 1).
PHASERE=  SH=Ad-E Ao HAIE (KCDC)Al A 7]&0]
e Ax=9 E219 xS WA upsto] Atz
258= 20124 ofF F A9 HS(2012¢ 8 269 F
B 28U7IA] HlF &2, 20124 8¢ 30 EF §H)o]
T o 9 A oA Al ARGS AALL B0 AP dS
A A A 78 D A 71 R A
g ez e 239 ¥ AU Ras 47 7}
78 RS B0 NP TR AA 2 A
4 Agusier JEade] @Y U BAd oAEAY
T80} o] &S AL ZAA SR s WA 7Hedt
s, oA, s JAdS 5 ot A3
AgS Briok=t E&EHaL ot ojo] AF A 7|w¥t
02 A FES FHAston AFAEEHY B4, M
oo Ju, A7, AHFE A, 27396 g ¢
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o us " AR IR, APAH, Y vEE, AT
7t & ZHEAG. AF9F2 257 A=Y
A4, =4, 1), WEvAEHERY), dguAde
(GrEsh, A28, 9, A4, HIad dgEHE
, HBA, HEE, $9), T AAESE S, BE9),
d 8l IEE, H, B 5), 23] FRHES,
), HRAS R, wEE), 71e 22 5 Bt

&5
it} (Bae, 2023; Kim, 2023). &% A3} mokS
AHFE S5 od S 2= M
ot 9 ¥ W82 Appendix 29 Zom HE
w12} ZYE& YA v]-SEH (Missing) 5=
sttt vl 3E#ES A3t JIHRE &3 F3E()
A Zk(Imputation) 0. 2 23} I Z3§5}o] Ho]F
(Data cleaning) X H|o|BAlE 5531t

= 40 mx wl ol
>
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o
ox M=
N
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24. A 24

ZAF A dREY B4, ASES 71X Bt AH
ZAH RS A=, AR 4, Y BE A, 17439
it At s 9 FE TF, AAH, 49 wH=EL)
4 A7FF 27E glsh] fsf Rl EAFAS
AA, chi-square test)yS E35t 7|& 574 4 (Descriptive
analysis)y& AAISITE BE B4 A& SAS 9.4(SAS
Institute, Cary, NC, USA)S o]-&3}o] EA3}3t}.

3. g¢Z&n
3.1. ZAIHYXLS] 2t At

ZA A = A HE Aol e AT R
A, BT FEEAAE, 45+ s BEY, 8%
T AREE RIEAAE 5 Folo] 53 £ 3789 o
HAREE FPEQUT 2AF PR JE 9 Yol
of 2t & 80A o] H&o] 81.1%, 59.5%= 7 =4t
T8 §32 oFHE 9 FH 32.4%, 9HA|5} 18.9% &0
U S 7H7E 654 o)AF Q191 FS- 91.9%=2 7H
Eoon 7 s 199 HEo] 40.5%2 7HE &9k
TH(Table 1).
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Table 1. General characteristics of the participants
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Table 2. Characteristics of the survey during the

Variables n (%) heavy rainfall
Apartment in Gangnam 5 (13.5) Variables n (%)
Social welfare center in
. ; 16 (43.2) Complete 0 (0.0)
eongdong-gu (More than 80%)
Public health centers in D h fl ~
Location § 21.6) 0 you .ave ood Severe (50% ~ 80%) 1 (2.7)
Seongdong-gu damage in your home | Moderate (20% ~ 50%) 0 (0.0)
Senior citizen center in 8 21.6) after the heavy rainfall? | Slight (Less than 20%) 1 2.7
Seongdong-gu ’ No damage 35 (94.6)
Total 37 (100.0) Total 37 (100.0)
Lt 7 (18.9) Where did you usually Indoor 8 (57)
Gender Female 30 (81.1) . Outdoor 7 (18.9)
stay during the heavy
Total 37 (100.0) infall? Total 35 (94.6)
<50 1 27) At Missing 2 (5.4)
50 ~59 1 2.7 Do you have No 30 (81.1)
60 ~ 69 3 (8.1 information about
Age (year) 70~79 9 (24.3) heavy rainfall? Yes 7 (18.9)
=80 22 (59.5) (Check all that apply) | TV 14 (31.1)
Total 36 (97.3) Internet 2 44
Missing 127 Radio 2 (44)
Apartment 12 (32.4) Newspaper 1 (2.2)
Detached house 12 (32.4) Print matter 0 (0.0)
Type of housing Semi-basement 7 (18.9) Text message/ 18 40)
Unknown 2 (54 Cell phone alert
Total 33 (892) Word of Mouth 2 (44)
Missing 4 (10.8) School 1 22)
<2 0 (0.0 Other 5 (11.1)
T f households | > .
ype of households | >65 34 (91.9) Do you have No 18 (48.7)
(Age) Total 34 (91.9) . .
— information to prevent
Missing 3 (8.1 health effscts about Yes 16 (43.2)
N 15 (405 ea e.ecs?a ou " I
5 12 (32.4) heavy rainfall? 1ss1ng :
Household size 3 2 (5.4) (Check all that apply) | Public health centers 2 (10)
(person) 4 3 (8.1) Hospital 0 (0.0)
Total 32 (86.5) Pharmacy 0 (0.0
Missing 5 (13.5) Community service 8 (40.0)
center ’
“;(17-_9__’_ 50]_ :[401_7]_ _'_i Xﬂ‘rrol' 1‘;__] } A 01‘”4017} SeEior1 citizen center 3 (15.0)
- Schoo 0 (0.0
27L AgElgo] 757%E 7P Rtk I AF o 7 s
er .
T390 it AEAEE ojH HEE HESUIE Very good 4 (108)
A SHEAH A A’ H]-E-© 0 713 =90 «5l=
ASZAFAIA Bl o] 40%2 71 u?_ﬂﬁ Sik= How did you feel about |-9%% 13 (35.1)
YBEIR QB APAAE AL AD BRI o vt g e | S Ghs)
99 13 2 . oor -
BE oA WS U 7 <SAREA H]E0] 40%E 7} heavy rainfall? Very poor )
T EAY ASeE % 299 A HE olHst Total 37 (100.0)
ol AU = 22002 ST H[-E0] 35.1%, 1 ~2 (dissatisfied) 7 (18.9)
‘HE'O® _g%—a—]_ H]80] 27%Z0 7 &=9t7, “RE Alg} How satisfied were 3~4 5 (13.5)
your life during the 5~6 2 (54
g 1A v WFTS B At Aol AR o= | =0
P a D]—Z-l A mo. uhE A heavy rainfall? 7~8 6 (16.2)
T EEY }. = 103 9EdolA o 9EE(9 ~ 107) (1-10 points) 9~ 10 (Satisfied) 17 (46.0)
o7 Sl H|Eo] 46%=E 7H =QkTHTable 2). Total 37 (100.0)
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19 WFERS B LS ZehelA AN A
ol AHURTE TE/IA WS 27] WA, B,
S A ARk, YA ABee 4
:Lﬂ/lﬂ HX—]UH A]X]—‘QXP) }.—,]o:]_q- 75___]9_}-(};] 5;]73
&Y, 5% A AWESE, BED), T L &
EA, A, B, 2507 ABET, 44D, HEA
SN, W), Jlek gy 8 Ve WekEY AR
% A B5el 4 WA Plge e g -
S 5 AoHOHE ERHOIA Thet 2 A F4
s Aol el SR, Han
3 Ao, U= 5, L35 9 7]
22 ehtA] ghotthTable 3).
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Table 3. Health effect of the survey during the heavy
rainfall

Variables n (%)

Do you have health

. No 35 (94.6)
outcomes during the
heavy rainfall
. . . Yes 2 (54
(including your family)?
(Check all that apply) Respiratory diseases 0 (0.0)
Endocrine disorders 1 (20.0)
Cardiovascular diseases 2 (40.0)
Cerebrovascular diseases 0 (0.0)
Musculoskeletal diseases 1 (20.0)
Fracture, damage 0 (0.0)
Gastrointestinal diseases 1 (20.0)
Skin disorders 0 (0.0)
Do you have mental
) ) No 35 (94.6)
disorders during the
heavy rainfall
. . . Yes 2 (54)
(including your family)?
(Check all that apply) Sleep disorders 1 (33.3)
Anorexia 1 (33.3)
Anxiety symptoms 0 (0.0)
Depression 0 (0.0)
Attention deficits 0 (0.0)
Disruptive behavior
. 0 (0.0)
disorder
Suicidal ideation 0 (0.0)
Other chronic and acute
illnesses and accidents, 1 (33.3)

addictions, etc.
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2023) PHASER‘— 7]/2}7\]1 3ff
AR L R A, 2
Foax FFR JEAA 1=
of &8st7] Az A= ArH(Bae, 2023; Kim, 2023).
ofo] At T Al & A AHE X HASFRAL
AA R w=g HAR AH|A 7)dHE uld A|AHL L=
st ol A 27149l 78k HlolE 2 B8stuat o
o 2 2ALE 5o AgolN A8 s B
7t At e AUl FET obtE AFAL BE ke o
A7 5 et A AA SRS B9 45 A g
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(TAD) AGofA TLds FAF A0 ZFPE o] ©7]4
o A7 JeRe selslA] oy ek LA U3
Fo] A} A3E YHESHGeneralization)sH=1| o] 2]-2-0]
A % Stk 4% A7l mEE Y559 st HA
ARABA B 5 DA AZIFE IR A
Th(Bae, 2020). 7|29 A5 2 12 9 ZH} o
7193 T3 3o} ol9le] 7| s} AT vlHlE A
o, 7|ZH3steh= o] Z7|7tol| 24 XFsie ol=
o1} A7} AA] A7|H o7 Atm Holof sl A0
A B ZAEel & ARE BASoF FolthKim,
2023; Shin et al., 2023). o]of & JFo|A= 7|5 HS}
2 Qg AR ASE Webh A7 gl nlAs 23
£ Slsh] Petel N ARE WA BH5E 7}

4

A FBE, d AR 5 274 ARLL F83tol 715
A% 3FS AT Part ek w3 Aol A
Moz My AT AW HEG UYoR FWHE X
e 717z e A9 AR AT YA AlE AT
of A% Y 24 AA FES AT 4P A7t BAF
& Adate ot

2 ZAR)A AAE Afo] AFA el A, YEBS

5ok o] w7 g 0|9k A% ABE 4TS F

A AT BHe w7k ZolAe FHL slprl T
Zth= 9]Ao] A9

T 580 olzlg] Eaees aT A %
D}(Appendlx 2, 3). SEuete] A% HE A, HF5 =

¢ 53 2L J1FHsia AR A7t BAgio] wA
5}al QO™ (Hwang et al., 2023; Kim et al., 2022) £79]
8 WFHE 71549 YF0E TA F9FL ]
202 AAE sl A4o] 78l 298 el

E3lAA 49 Yelo] Fal QltkSim and Lim, 2021).
~ol A& A9 diF-& skt A diFE 19609
o A= o] ket 957t SRSk A9 *JEH% A
Skal Qlth. olof] #A FLFES Vo R HAH st
Adz= A gof ool ojz Y] m™E skees 30d
% 39T older &shs 47 A9 4 & A
S REE AR g A 46 Urtof gt
Albstar Qict. olof] F& M4 &) S Al ==,
ot S T ZAA Hi=A)A SR 9l AlZolatE 9] Hlj4A|

A AAS 7K "7t 9th(Yoo et al., 2013).
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Appendix 1. Public Health Assessment for Emergency Response (PHASER)
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