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ABSTRACT

In the context of the Ministry of Environment’s 2022 Climate Change Adaptation Plan for Public Institutions, public sewage
treatment plants are one of the important targets for climate change response aimed at sustainable water management.
In this study, it is applied a modified methodology to four water regeneration centers (public sewage treatment facilities)
in charge of sewage treatment in Seoul to analyze the impacts and risks of climate change and discuss priorities for
adaptation measures. The results of the study showed that heavy rains, heat waves, and droughts will be the key impacts
of climate change, and highlighted the need for measures to mitigate these risks, especially for facility managers.

Key words: Climate crisis adaptation, Risk assessment, Climate impact analysis, Seoul sewage treatment facilities

FAO: 7I=217|M8, /I8 B VISSEEA, MSAl 2AHYUE

Received 24 January 2024, revised 23 February 2024, accepted 29 February 2024.
*Corresponding author: Sunghwan Hwang (E-mail: shhwahg@si.re.kr; Tel. 82-2-2147-2925)

12|43 (2H79) / Jaekyung Choi (Researcher)
MSEYIA| DI OJZALZ 37, 03909
37, Maebongsan-ro, Mapo-gu, Seoul 03909, Republic of Korea

2 A (LtARKY) / Jaekyung Choi (PhD Student)
MEEHA| SHEF MSAI-UR 163, 02504
163, Seoulsiripdae-ro, Dongdaemun-gu, Seoul 02504, Republic of Korea

3 0|¢1M (7) / Younsun Lee (Researcher)
MEEEA| O 0842 37, 03909
37, Maebongsan-ro, Mapo-gu, Seoul 03909, Republic of Korea
3 848 (BT H) / Sunghwan Hwang (Research Fellow)
MEEEA| O Oj84H2 37, 03909
37, Maebongsan-ro, Mapo-gu, Seoul 03909, Republic of Korea
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

61

pp. 061-068

Journal of Korean Society of Water and Wastewater Vol. 38, No. 2, April 2024



SSOTASIAIE| V27| St 2 B A

62

S
A

LM 2

71397 (climate crisis) -£¢]=
change) ] HZHdS 72t S24H4Ql tf-g ool
solAu] ALEEIRLe M, 20194 G SATE Aol
9 SE 239 whol “7| 3 H]AFALEl(climate emergency)”
of 3 2F $H HFo| xIH7|= 5F3ItH(Oxford
Languages, 2019). SA1715 .ol 7] 5wla} @t o
o B4 5 AT Aol BEE] Adson ¢
el 20000 AR b slEust 2goa)
(2021-2025);S 4l o & -S(adaptation)t] 2 o]
AYPA gL 7Aslste] 20239 A3 =7F 7)%9]7]
g 73 da S Ssch
E3h, 7|3t Ag1h wste] o e H7kE
=7} ©+Q] 2-2-7|&](National Adaptation Plan, NAP)
o AR cole] 48 AT olHA HAAE

oul, Saliet A 7} AL g A

o
A A, 710l AS AR el st

7] % ¥ SH(climate
7}4)
S

£ BEIIR) A% 20169 R A
717k AR 20219 BIAA 367 FF1 ]
HgYAe Sestgon, 2024 69 B3

ol
= ol o

e
iy

So718e A-s Rl dHE FAA QA e o
718 LA P E e 371 Eoke 1L
&, A, & B4, 7IEr= o]l sjgsh=
627 71¢o] th ol AlH2 Hele 51dzte) AE 7|

1
200k FF 2087119 el Zolul, T Wl A4
2 EL AQER WIS HIITHMOE, 2022).
YUt SIFENASHREDS FohA
2 BHELE AFS gom 1 F AR 7]
M} P +P2 AUt 7150 oy B
EHVESTAPYE $3l4] 2} A9 A% dlolejol 4
ol W Hopy Brh GO 2718 AFHA Yw

rir
N

A T B o5 AHgshL glod, ol 7]
Tzt G 242 dl g1 Fa Ade |
Aol Ak Aele) xR B gl Wit =
Ak B4E AAlsht g8 71ete] e AR
T SR, 91, A ol whekA sk e A
oAl mogto] WSt olF sjAsty] At o

wo] Aol Aasit 53] wuviHe] Ao o

M= oSt olsiEAIAe] dE, AmeR 9 24
o] Basteh.

7138 715 st Alyzle 9 mjE 7)e A A

2 AT AAAG FEABAS FA7E 75
3} AL BAsl] ALY +UT 4 UES B
L Qlek feueke] Hdgk(1991~2020) |k A
309(1912~1940)2] 23S wlsstel A8 7|5
3 24 A3 e 2jek ALl HAsle g
A5A% WMSL ERsR o1, Fe7Ias
9, 2021), A7) 7|FHE} B0 2 1A 303 B
= ol & HaATHE o8 AFIAE o83t
eu] 1004 o)4 WEARE HgelL At 67 7]
HEasl AR AgEgon ALl 49 B AT
ol ALSE AeTlREL Amel stk ot
a7 BErIe] Awd ASTA £ SAA
RCP45, 8.5 A|UF] o] tiak 2025-2035d B =517]
5 U JlsAe AT BelR 2, i, 59, o
A, AEol disiA 155 Abole] gro= ghibket #:¢l
23171 R 45 ARSI 2L IPCC (Intergovernmental
Panel on Climate Change)2] 62} 7| S 3} AlLt2] 7t &
S A3 A A 7 Z(Shared  Socioeconomic Pathway, SSP)
2 5 olo] Wi e FA5E ek,

7|5 sk SEAolal el WAt aE, =,
A A YA E 3Rt 7|RE A S E4A
AR 4, s ST 9 B0 g
SFATHIPCC, 2023). F&dtAede A
oM TAsH= steE +H, Aste] Holst= A
= ARRE A BT AR SAS] A
83 FE71EeIH, AGARR FEAHIAE Alest
o A& 7HsRt WS A 73St A8
o Sh A o] Bhifelo] Bkt vlF 8 Al
A= 20124 ARl Y= 1470 skeA 2 5 3
Art 24 39073 715o] FAH o] e Bt
A 15ho] A= AR 7} Qe o] % w8Al= S]]
Ald 3]E8 AF(NYC Wastewater resiliency plan)2-

=

Ak

o2

ol
IF %2 e
Wb R

o 1 12 & ox

so 71T 93, JABE W7k A0 5L 4
3 THNYC DEP, 2013). f-2uet= E3e] R4
oA =7F % A F3 d&S AIste AE =
£ sl 340 he dAoE T4 U o 3
3h 7he e A 9 A oggskE 33 =
obw Zpeh 717917 W A BE 24 BEw
5}l QJth(Lee et al., 2022). 7| SH3}7} thokst Qlxet

MoteEsiBa| 3|38 2 M 25 20241 A%



2{2-0lot- SIS

b3

oot

= %S & o e AT I
to FFstEA A o vz 584 7iAol
AT(Cho et al., 2012)= ZA5h} F=x]a)

A e R gt At vget Aotk E

7o) A9 ASH At e I
Aa Zttof gigt tf-2-0] Eal(Government of Korea,
2023)8tH = 2 A+t R0k FEskrA gt
gges 71597 A= H7F 9 7SS
ZAL #4817 flske] A&Al 47) S A E (F-5-5F

mlo mJ.
ol of
ol

1¢

e >

°f
9]
T

o r %

1 4

oo o

SAZA D)) AR, AT, BEANL EH
o4 715Hs} FF} P ass BAste] 7| FHS

5o A1 AckstnA B,

2, Sy 3 Y

_I'\)

MEA| 470 SRHYMIE

Bk %%Al% 2005ARE AEEEA EAYAY
B3 B A

47 9 pelo] pit ze
3 B AN A dejd SAAAAE Aolsa
qlon], Fe, WA, ¥, A & 47e] BRI

7} Table 19] EA|E H}sa} o] & A]A-8-F 4,980,000
m/d= A&A 2571 G- HAeE A7 %= 574 A dHEE
Z3eto] AE|tdg FAstar lon Z- EXAYAIE
+ ol& A4 WAst= S=E A Eskal Sl

A& Bt A WEFS @il Qe TAEA]
2030 SrEAE] 7| EA S S DrlsleEEdA s
v o 2 AL Qi sl ajAke] tdgto] wal
she AlIFS s =t AJd S Sl =E

7% 74she BEE Shn ok F93 Ad 24
B 517, i7l%¢ﬂf‘4 A T AdET

soislon 3719 A da

i 9 3?# EWH X]O}ﬁwr Tﬂ'ﬂ/\]“ 7H’H el
522 7 Z0]|tkSeoul Metropolitan Government,
2023)

SSP rskAbA] Aluel oo mhe eluel 7T
e el v|wdle] AFF7]Lo0] 23~6.3°C AF
23 Aol HHF 4L +3~18% Z7HNational
Institute of Meteorological Sciences, 2021)& Zl o]t} o]
2 4l EARAE) AL G AT skl
W ATl HeAl WY AR 7))
A B4 Astel 1FEn Eel 63 7 Fs

Auel e Qo4 42E ol FAR %
oA AFet WHAN T STt 7R
o, Au7le, FRrle, AA7I)E ol g,

o AR WANARE WHAAT Dol B
sto] ARgSETE 7 FHIAIUE 2= 62} AlvE| 2
9] SSP1-2.6, SSP3-8.5 AlUg|eE A-83sF3ch

15}7155 7159171 A Aof| A AL U=
= Table 2g]. 71-o] XA_Q.O]_O:] g.L_oUﬂol/\ 6]—4- 1)
d4=9] o= AlAZIE7IFoll A AATE AL A
THEAee o 7R EAIAE

Hestadon oA 2ol
ozl weEE WelE

o 32 md
L H
my N

off rr ok —lo L
ha

=

i

A

o o 1f o oxt

=

Table 1. Locations of Seoul’s four water regeneration centers and sewage treatment areas

Center name

Area responsible for sewage treatment

Locati
(Capacity) ocation

Districts at Seoul

Districts at Gyeonggi

Jungnang

1
(1,590,000m’/d) Seoul Seongdong

Jongno, Jung-gu, Seongdong, Gwangjin,
Dongdaemun, Jungnang, Seongbuk, Gangbuk, | Part of Uijeongbu City
Dobong, Nowon

Tancheon

(900,000mY/d) Seoul Gangnam

Gangdong, Songpa, Gangnam, Seocho

Part of Hanam,
Gwacheon City

Seonam

(1,630,000md) Seoul Gangseo

Yangcheon, Gangseo, Guro, Yeongdeungpo,
Geumcheon, Dongjak, Gwanak, Seocho, and
Gangnam

Part of Gwangmyeong
City

Nanji

(860,000m’/d) Goyang Deogyang

Yongsan, Eunpyeong, Seodaemun, Mapo,
Jongno, Jung-gu, Seongdong

Part of Goyang City
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Table 2. Indexes and definitions of extreme weather elements

Extreme weather o
Element Index Definition
Heat wave Heat wave days Number of days per year with a maximum temperature of 33°C or higher
Cold wave Cold wave days Number of days per year with a minimum temperature below -12°C
o Heavy rain days Number of days in the year with daily precipitation of 80 mm or more
Erlz(;’;ti;?lr)l Baseline less than |Number of days per year with less than 20 mm of daily rainfall
20 mm more than | Number of days per year with daily rainfall of 20 mm or more
Heavy snowfall | Heavy snowfall days |Number of days in the year with 5 cm or more of snowfall per day
High winds High winds days Number of days in the year with a maximum wind speed of 14 my/s or higher
Drought Drought index Days above the drought SPI Index
2.3 7|23t fI™: EIt 1~5% H=2lsto] “9fsfi=(hazard) 2, 7] -3}

=
=
FEFS W= S %@xlg(risk codes) 2 E=3}0]
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1. In-depth interview

Selection of risk assessment target range for 4 water regeneration centers

!

Draft a survey
!

Survey improvement through Seoul City opinions and expert advice
!

Conducted in-depth interviews with operators of 4 centers, including risk indicators due to extreme
climate factors

d

2. Evaluation using risk indicators

Apply exposure and sensitivity to the risk matrix to derive a priority risk level excluding items that have
low impact or are not urgent.

d

3. Review of water regeneration center adaptation ability

Assess the presence or level of systems and infrastructure for climate crisis adaptation and prepare a
detailed implementation plan focusing on areas that are lacking

Fig. 1. Risk assessment process of seoul water regeneration centers.
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Table 3. Results of changes in the extreme weather index under the SSP scenario

20-year moving average extreme weather index (days/year)
H 1 Precipitati Hi H High
Classification eal Cold eC}pltathH ea:tvy eavy . 5 Drought
wave wave base line 20mm rain snowfall | winds
days days less than | more than| days days days days
Th
e current 14.6 3.8 88.1 17.7 2.6 5.1 0.0 16.8
(2000~ 2019year)
First half 25.9 2.8 152.3 18.3 1.0 4.5 0.2 25.2
SSP (2021~ 2040year) | (+11.3) (-1.0) (+64.2) (+0.6) (-1.6) (-0.6) ‘ (+8.4)
1-2.6 Target period 27.2 2.7 154.2 17.9 1.1 5.0 09 23.9
(2023 ~2042year) | (+12.6) (-1.1) (+66.1) (+0.2) (-1.5) (-0.1) ' (+7.1)
First half 27.4 1.4 151.7 18.9 1.0 6.2 21.4
0.2
SSP | (2021~2040year) | (+12.8) | (-2.4) | (+63.6) | (+1.2) (-1.6) (+1.1) (+4.6)
5-8.5 Target period 31.9 1.3 150.9 18.3 1.0 5.9 02 22.3
(2023 ~2042year) | (+17.3) | (-2.5) (+62.8) (+0.6) (-1.6) (+0.8) ' (+5.5)
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Fig. 2. Risk assessment results by extreme climate factors of seoul water regeneration centers.

Table 4. Risk assessment result by target of seoul water regeneration centers

Center name Jungnang Tancheon Seonam Nanji Average
Average 3.72 4.46 3.25 4.45 3.97
Avg. 2.44 4.73 3.27 3.49 3.48
Heat wave 3.20 6.14 4.48 4.70 4.63
Cold wave 2.13 5.32 3.34 4.21 3.75
Facility Heavy rain 3.54 6.33 3.82 3.33 4.26
Heavy snowfall 2.08 4.67 2.79 2.91 3.11
High wind 1.81 3.71 2.41 3.71 2.91
Drought 1.90 2.19 2.76 2.10 2.24
Avg. 3.54 4.76 5.20 5.54 4.76
Heat wave 5.60 5.24 6.18 5.50 5.63
. Cold wave 2.93 4.55 5.84 7.21 5.13
iﬁ;lgt; Heavy rain 6.34 6.20 6.92 7.23 6.67
Heavy snowfall 3.78 5.97 6.99 5.31 5.51
High wind -0.09 4.67 2.51 3.81 2.73
Drought 2.70 1.92 2.76 4.20 2.90
Avg. 5.19 3.88 1.27 4.31 3.66
Heat wave 7.00 5.54 1.38 3.50 4.36
Cold wave 5.53 2.72 0.24 2.71 2.80
Public :
service Heavy rain 5.64 6.23 1.32 7.23 5.11
Heavy snowfall 5.68 4.27 1.99 7.31 4.81
High wind 3.51 3.21 1.71 2.11 2.64
Drought 3.80 1.29 0.96 3.00 2.26
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