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Analysis of Runoff Reduction Effect of Flood Mitigation Policies
based on Cost-Benefit Perspective

ABSTRACT

As the frequency of extreme rainfall events increase due to climate change, climate change adaptation measures have been proposed
by the central and local governments. In order to reduce flood damage in urban areas, various flood response policies, such as low impact
development techniques and enhancement of the capacity of rainwater drainage networks, have been proposed. When these policies
are established, regional characteristics and policy-effectiveness from the cost-benefit perspective must be considered for the flood
mitigation measures. In this study, capacity enhancement of rainwater pipe networks and low impact development techniques including
green roof and permeable pavement techniques are selected. And the flood reduction effect of the target watershed, Gwanak campus
of Seoul National University, was analyzed using SWMM model which is an urban runoff simulation model. In addition, along with
the quantified urban flooding reduction outputs, construction and operation costs for various policy scenarios were calculated so that
cost-benefit analyses were conducted to analyze the effectiveness of the applied policy scenarios. As a result of cost-benefit analysis, a
policy that adopts both permeable pavement and rainwater pipe expansion was selected as the best cost-effective scenario for flood
mitigation. The research methodology, proposed in this study, is expected to be utilized for decision-making in the planning stage for
flood mitigation measures for each region.

Keywords : Flood mitigation, Rainwater drainage, Low impact development, SWMM, Cost-Benefit analysis
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715HskR QI =3t - Rlee] S7ie} mAskE /IR A%

2] M) me F5 vl Ao Fheha gtk

ool ZgH-et XAl 715 st Heth At T=rbede|r 2
g, & FHste] AR RS AL ok AR =7 715

3} A2 A(2021-2025), (Government of Korea, 2020a)%]| 4]
© B8 UsE Z3ts R 715ste) gt X&)t
s A WA 71 g wRke 2 dAElon, et
G2 AP o3} {7 S0 wet velsh Fefe] AFARYA IS
O 2 AL ik 20208 EE TA|LZ; I EHRE 7| EA
%(2021-2030), (Government of Korea, 2020a)°|4+= o]+ &
A5E TR U =] A 9 S Vo Qlsle]
HAEh= Alsle] A3 W ool ek AlRS EFhekaL gtk
(Government of Korea, 2020a).
715HskR QI 84 la e FoRd W SR
o] gk olF ATES A =
F1oFd AFE sl B 1] =& A the AR ne]
$A= g MAs = ez 313Ea 9lti(Lee and Choi,
2016; Joo et al., 2018; Kim et al., 2020). o]2{3} g]~= &
oM 7} o AP S Tele 35 AuThE e
4 e eAlElolof SrRyu and Kang, 2020). eb i
FA3x} =27} 71583} 2-Stha(2021-2025), (Government of
Korea, 20200)2] %1% 26 3 Tl 745} Ao =i A5
g FHZAP, BlEAFEE AR 9 8 8 S| 5] AR
=5 EBye] Ao X5 71s TWA, skdte o Jekd A
735} AR Bol AREEle] Qlom, g B8 2ds 91k A
gk delA, AN 7 g A8 9 B4 St
Tz WA, Begk RUEY A28 2 So] 9ltiChae et al.,
2021). A¥E EBeghe Al S7FERE]7)EAIE((2021-
2030), (Government of Korea, 2020a)2] 7|22l Q354
EHAL glow, IR S5t AEAIE FAl fFAs] $ig
A&7Vsst B3] A 750 TR defsfof she Wkl
o} mEgh 34 AAe] A AEA AZEE BAA Al EE
7897t obEbd, iRk Eufd, ARBIsHY S Aeko = <Qls
2121 AF o]do) SHAIZE EAIFHE AXlsof stk whebA,
AdY 7k o Bl Fawel] e A 459 HHS SJEl
tefet AAES] T e 295 o8 A8k #ol
g gsjrt.
T2 dste] WYshk= =] Zrdl] thS3h7] 918k F8
A F sl 7] AlaEle felAlE s el

S
Pyt sTshe AdAl7RE B4 skl

SAA) Y A48 = uAg

= =1

722 KSCE Journal of Civil and Environmental Engineering Research

(National assembly research service, 2020; Lee et al., 2021;
Park et al,, 2019). ZL2fu} 7|5 @sts Q1gk ¢ FHe] wiste}
FAE 5o wINIE Z712 213f(Sobieraj et al., 2020), 719
AAE Y] AR H2 FS ol tigh g-Al
7IeE AR X ol Y= AAolrk 2022 8¢9 A& A
Ahol] e 7193 dighs BAleE 7154991 F-9+= oF 3,155
Gohs AkkslE B, dsl B 7,905 0] U
ATk AEAHe] =4A] 7 E FER o) 5 Agvlsie
PVEs] AP KE) et AA1E SR wiRg el PER
7] wjFolgkl B T At Ministry of the Interior and Safety,
2022). w3k s A E sEEAT RS SAdA] AR
TS AFS Qlo] ZIRistE gk -5 wiskE st
AARIEE 7189 Ha AARIERT 20d oY e
15-2 TA3FaL It Ministry of Environment, 2022). o] 24,

TFHAe] AAZIES st 3 ] 85 o] dade
S ZdzEar vk A A d uA 59 s 8%
i) AR A 29 GRS B AXE HF Bl 1
ARYo] g wh= Alote] ARE Fs 9ol thgslr] 13 a4
Ql A1l Aldo]= 2(Han et al., 2012; Mei et al,, 2018), Th2
55 b AT 79l B4 A% B} viEe] FAH Bl
g v A B A TR Aoz ojgE Wask
Ark

2 e A T shRl ek =3 3
(Low Impact Development, LID)S 83+ EAH #8271
< ¥35TKBae et al., 2019; Shin et al., 2013). LID 78L&
AP, ZFAK, BlEol8AE 507 vk 4 lal(Ministry
of Environment, 2016), 7|& =A19] Z-¢- X|<d o719 ule}
28 7Fssk 7R 97 @ekd & Stk LID 7o) B
e A7 & EA% T A7 AHE A9 R, Shin et
al.(2013)2 FHAHQ] FIY sh-Frols o= =3},
T8 4 7S 9 A8dks AveleE EAske] fE
A3 B3 AR A3k, LID 28 7 diM] $3535ks 15.62%,
EA 2L 13.01%2] A7 3= o0tk Yoon et al.
(2020)= LID 7o = T 27, AT, S8 A8
st 971 7] 23k A83 F, AR aAlETE
o s fEF Hsks Ayste, sd A7l T £
o] 71 ARl Ao = #A8IItE Kim and Kim(2021)2
LID 7Y & F574 2%, 353 379 AAFAA
(Bioswale, Rainwater Garden, Planter Box) 7|HE& #-8-3}<]
AE B9 5F AR DS Ssiel, AAFALe] Beje
97 aEYdS 43190 =12] AR Hu et al.(2017)=
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o 2 A ofalel olak 1] sl Baleled,
LID “g2hs AAeis wf 3o b8t 53p7) 9%elar, T Al
A BB SALE 0-1%, T4 2 B 5-8%2) B4
3} 2= HojFQIr) Sui and van de Ven(2022)%= w]=
AR2F San Antonio A9 o2 AYANFA], AT,
=3}, T4 T 7S 288k, 4714 LID 7e B
ok ARl 9%, T AR A4S F T we
oM 25%0.% 7P B & AREIE THEE Holsltk
olglgk A8 ITES e LID 7I¥E ARS8l =5,
A4 o) wislo R 4 sl A wvke Ysisieck
7 Aot LID 719 218 wizol] we} Aolgh 23} ===3]
2k LID 714 5 574 28 20 35 A7 &3P} okl
23} Ok A8 Se 7h op o Sde] B LD
AAES A8kl T4 A% 235 BAEIA, LID 71
AR E<egk 7ol digh A RESISink B3 LD a9kE
43 ATES §5 AR Hold e AAEE W
AepA] kor], A oarad gl Slo] Fadk 949l
A o) ojg BAlo] R
vl AR AHIAFGe] it TR 1998 H
20223 87HA] =7}tk 15% 4390l o] Ministry
of the Interior and Safety, 2022). 53], thi3E2] sl AFLAIAL]
Ak 2 Lopolld Wthgh THRE RISkl glot AAIF oL
F&A0 2 AgHRE 21 9itkJoo et al., 2018). $HERe
" 715s) WA 2020, o 715Rs) A gtae)
ot Aade AEsk] ffste] 715wst 28 BAAd Bt
2 HA 959 S5 HEke 2 HESIG: o]« BEg
7% 9 AEA oA Wste] tuls) Slshe e Aae)
vl Foke YPEo R Wk Ware] ZAge ojujait)
(Chae et al., 2020; Chae et al., 2021).
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Fig. 1. Maps of Study Area: (a) Gwanak-Gu, (b) Seoul National University Gwanak Campus, (c) Soil Texture
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2.1 Chd X9 3 22 A2

B ] dbd A9S =7 R frode] Mgtk Aol
22 A)2A $IA= Fig. 1(a)9h 2o] A&5EA] Ao $1x]st
o} FRFs2sE 19700 =0, =it B33 frode
R Bkt FHd| YRele] FEs-2 1%k wsf A 7k
o] =M, AR 2011d 797} 2022 84 W FE59=
3t 1 2 =27} okEERE T W AR SR eIk
Fig. 1(b)] T2~ A =g AwHE, |z A&o 2= &7l
A 7 Au St ARE K7 & 117]9] 7905 v
T Aok o] F 7IAL AHES EFRhL S JoF K e B
2 k= fFoola, o Al ARE 7] 7] A2 792
T30 2 F3P= F-oo]ckPark, 2015). £ A= Tl 2~
U 494 B g sas ol APt dytel av] g
(AFE] T 7<) 7} el gk Aokt F9S dhd A9
2 A3t % 265.5 ha WAl thste] AR F1Psldc) Fig.
1OF & A7 7900 aidshe A9 tigh EY=S Vet

rol] AREEl A9 AP event)2 #H509] A7 PSAe
1997 ARE] 2021 71A]1e] AAG A5 5 Hd I8
2011 79 279 7:9(348.5 mm)yS FE3hR= 2011 7Y 2693
B 2011 79 29U714] & 49e] 7S APFo g A
g 7Riolk= & 501 mm 597} Wiglar, ol AR8ZH 96ARE]
APt 71 AAE AEE Fig. 26 JERAT
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Fig. 2. Precipitation and Temperature Time Series Data of Gwanak Automatic Weather Station (2011/07/26-29)

2.2 SWMM 2

E. oA7tol| A= Storm Water Management Model (SWMM)
< AREStY EA &% Sdiek LID 7Y F&d mE
SZ=% W3tE mojslytth. SWMME 1= 34K 5 3 (U.S.
Environmental Protection Agency, USEPA)oI|A] 7IEsk A5
SO R, EAMel A-838l7] A3t Zhg- ARl whe
=, T B sk, uiAl Aol digh AlE, &4 9 AAIE
3te] FHHA AMgEtiLewis and Michelle, 2022).

300 600m

(a)

SWMM E&L& 74, 71 53 e 7)1dsHa Qe 799
e, EH 54 ke N E ARSEH, £ HEe
W AES SR EE=(1:2500), 2= R F A AES
A FAAFE(1:5000), BFT& Yol Bad AhiF EA9]
5o AmE ARER] & 45 ATHKim and Kim, 2022).
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Fig. 3. Study Watershed Delineated in the SWMM Model: (a) Building and Road, (b) Sewer Enlargement System
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Table 1. SWMM Model Set-up Characteristics and Input Parameter
Name Number Parameter Units Value
Sub-catchment 193 Area ha 0
Y%imprev % 50
Node 246 13
N-Imprev s/m 0.05
Outfall 10 N-Perv s/m'”? 0.08
Dstore-Imperv mm 1.9
Conduit 256 Dstore-Prev mm 3.81-7.62
Weir 2 Suction Head mm 60.96-110
Conductivity mm/hr 10.92-29.97
Storage 4 Initial Deficit - 0.25

W AEtistaolA AlEnke g ddwo] 9l

(

s
Z

b mge

Kim and Kim(2022)¢] #7-2 E3)] 43
Sz SWMM =3 w78 28315t £ a7 SWMM =¥

HHES wkgslgith At W A=) =
= 9] ARFR(HES 20,000 m’, FUEZE 5,000 mP)=
2011 89 Algustae] AR e 3 2 gl of%-
of] F7} AA)w Apdon], AlgRke 94bed Aoli= ZA8HA)
oL} #ed Baiael wigrle] ARl 7Rkste] B wkedsil
o) Bye] mpieES Y3 S M) afos B3t
a1, Park(2015) 20] AuS Fxsle] FHaEw AFES 8]

T3 w7 <E Table 14 A3kck

Table 2. Green Roof and Permeable Pavement Parameters (Adapted by Kourtis et al., 2020)

Layer Parameter Units Permeable Pavement Value Green Roof Value

Berm height mm 0 100

Surface Vegetation volume fraction - 0 0.2
Surface roughness s/m'? 0.015 0.25

Surface slope % 1 1

Thickness mm - 200

Porosity - - 0.5

Field capacity - - 0.4

Soil Wilting point - - 0.1
Conductivity mm/h - 1000

Conductivity slope - - 10

Suction head mm - 50

) Thickness mm - 100
Dr::;lge Void fraction - - 0.3
Roughness m/s"? - 0.015

Thickness mm 150 -

Pavement Void ratio Void/Solids 0.15 -

Permeability mm/h 500 -

Thickness mm 400 -

Storage Void ratio Void/Solids 0.3 -

Seepage fate mm/h 750 -

Vol43 No.6 December 2023 725
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S5 A E vl FelE aefsle] el RS
ARSI HFTE = T BehE AleleE EAE Sl AE
=27t dioE ARkl Jlo] EFgol ok w=gh £ Ul
& Afz Aldo] ofn] EAIAL Slo] F7FA] Ak APdS
ARk AZE FHR ok thEow, 4F FEO) f1AIskL
U= P o] siE) Fels Ay, Ao HEshs 95 3t
obd 587 vl F=dl| oJF vigs At T2 2SIk
uep, & el 283 T4 Uk AAS LD 7HoR BFE
< W57 S B 2 % o] & wsAkdel| A83t
7] AgeE S2d=st AR iRkS AL Ui J5E sash]
et A &3 S RkS E3RE F 7R AAS s}
Ak

3714 AAe] Ag A Le] vk did f-o
HHTH] 28 HES §lel= 7Fgste] LID 7149
I A =2 HAe] 50%2F 100% -8, TE]aL
A5 WA 50%, 100% 28-S 71819tk LID 714e] shejn|e]
= Table 22 AeJstiom, APA+-5 Harste] st
(Kourtis et al., 2020). P77 87 Sl Uk A=) mkedel
71RE AR89 AREEeld Bk AR § 94
o] ke WAL A T WA AFS T kS sl

€]
=

[e)re]

=20
A==

Table 3. Flood Mitigation Measures Application Scenarios:
Application Ratio Per Scenarios (%)

Scenario Permeable Green Roof Sewer
Pavement Enlargement
1 0 0 0
2 0 50 0
3 0 100 0
4 50 0 0
5 50 50 0
6 50 100 0
7 100 0 0
8 100 50 0
9 100 100 0
10 0 100
11 50 100
12 0 100 100
13 50 0 100
14 50 50 100
15 50 100 100
16 100 0 100
17 100 50 100
18 100 100 100

726 KSCE Journal of Civil and Environmental Engineering Research

—
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Zt g S &35 B3] $3), LID 7H(ET4
E=, SA=she 238 AE AR (S1-89)= o] B8
Ha(Za, A5 2 AnY {59 Ashe} d5a 2
Hluskal, LID 71983 977 S s 3712 2185 34
A2 Q(S10~S18)= §-4 vlo & &2 H&uk W3l ulwst
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24 FA HI Akt

B Aol Z the Ao g A3 LID 7HER =3
Lol 4 =3t iehId i wAle] gk Hl8- A1
et ERIES Faeiltk A dres arste] 2 A
H|-g-0] AP =7] wiiEoel], thsdt HlwE $Jste] I3t A=)
7IX 2 Wgksledof Bt} o)1= 98 AnB)A} £7} X]93(Consumer
Price Index, CPI)E A}k Eq. (1)& o]-83}o](Alves et al.,
2019; Kourtis et al., 2020) SA7Ix]=2 HESFIC)

year A~

Value Value,,,, > (cpPr :

year A

CP ]y(’,ar B)

B2 Blg F fAEge) 7S, wHl ARl Hlge] W)
7 ek vlel Al ZhkE @A ARl B ulge B
e = FAFASRPES 288l A7
jefe] 54 ARellM ¥shs vl8<] 4% Eq. Q= Akteh=s
A 7}x) 82 HAl5=(Present Worth Factor; PWF)E a5 1]-g-0]]
FahaL, vid S Hhlshs )] A9 Eq. (3)o= ARkl
AS7INSAA 71X 3 kA S(Present Worth of Anuity Factor;
PWAF)E 3 H]-&ol wato] AAVIA= ehksl= Wholtt
(Ministry of Land, Transport and Maritime Affairs, 2008).

1
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0, wAF7E 59 e 10de g st
HaL, LHO| A 3 Al AAIg A5H] 2 AlgHE
HIEO B B o o] AANIE Xk AH] vjE-S
Aksle] Z27]3A1](7,091,97290/100 m?), BH$-7)(ALF
AT 2] 70%8] 4,964,380%)/100 m?), S| ZHR|(FZA ]2
2%¢2] 141,893/ 100 m%)2 243}53c} Back et al.(2018)-&
FATHINE] 55 FADR] AAAESE tPFo s B4
¥ =25 ¥ LID 71 A8 vlgHe] £41& At
E2WH 6000 m*el) Hg3 T £ w2 vg-S A
7] 10, W8] 24 7|3F 403 AAskal 7] FAME
(70,9129/m?), B12$-7](62,6719/m?), F-A1ZE]H]8(2,672¢
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22} =53] 7]Ho] H]8-2 Yeo and Jung(2013) G7-E Farsle]
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Yeo and Jung(2013) AEH, AeH AAl, €338 23t
AAAE AR BHe o s S35 2448 93 ule A
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2.727%2 % A8}k
Rk 2 9kA ) vl8- 3N A5E Harsklth
FAH| e} AAN)E 83 AF$IH]= Ministry of Environment
(20182)2] 3= Hof Rzg HA 9 HaPde] AF-Q HojA
AL Y= RIS FaLsditt SR TAH]
© m TSGR APIE 83 A5 Harsle] EaE
Lk e ] SRR L s BT i 2 R= A e P B
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Environment(2018b)2] 3% Al A AqrEskEAg A A3
2 (EAI 7 )7l B3 A (A2xhE Harsted,
13-15d%0]] 21 57 A|RpAe] shrdaagh] Aehd wixiby
o] LS A5 T FARENIE A=) 2 o] A83)th

P

£ 7= LID 783} 5= 7] A Aoz A s
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A

W g Tfa ARt 23S BAsIsicE LID 719 A3 AvE]Q
£ vlodste] ke Bvaporation), 215K Infiltration) ¥ A|ZH
fr=%(Surface Runoff)] W3}2 B3t 7 =8 E481L,
HFZE%(Peak Runoff)e] Wsl2 34 T3l A7t 874E &I}
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271 A JeRdth 594 T 22 BESES B
TS Fole 4] LID AAo|ng ATk wisle) 71t &
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Hhgeh A HEEke] 93] 7RAaths FRIsich e,
Freelln] Sl vlsh AT wsht vie 2A] vERsiTh
Frfe] EYES Fig. 1(c)ollx RIgE 4= Slxel, 799
o] A=/} Aol HFEo] A wigvt A&e 7R
EXRE 7HAAL Q7] wiEe] B wspt 2 895 VR
= Aoz Aledrh

AFETR] 79 F 714 LID A&o] BT 100% wHde
S9elM 23.88%= 71 Bo| AL, o1F AFRE T
& A2 S6, S8 Al QoA 2zt 21.17%9} 16.67% W
FH2319drk LD ARE B 50% 2185k S5 Ae] Q) HlausiE
H, AREGETE T4 T FHE 100% AR 7R
S8 AlUE].e] A9 S5 tiH] 2.94% 7HAsleian, £ =31 A
HIE-S 100% AlBo2 F7HAZ1 S6 Aluke]e.e] - S5 ]
745% HAsoirk LID 8ts T AlE 79, shte] 22
Hg ¥18-S 50%014 100%0 2 771 739-9] AFHaE
A7k & AFRETY Ul S Sl ts A

UePS Hofgtt o2 53l LID A3 mAlg 71e Al 2ol

(

]

off
ﬂJlO a’g el

2 o o2 o
4 2

R

I

Ir

(3

ox [

S

f ol
o2

Vol43 No.6 December 2023 727



B Evaporation Infiltration

15.00
10.00
5.00

0.00

S8

-5.00

RS

-10.00

Changes [%]

-15.00

-20.00

-25.00

-30.00

1

Shs

o =
=

Surface Runoff

Peak Runoff

Scenario

Fig. 4. Percent Changes in Evaporation, Infiltration, Surface Runoff and Peak Runoff for LID Measures

shte] LID 78S A838h= 749-< a3} LID 33 F shpt
oln] AlYE AlutE| QoA R A A8 HWAS ST
7A5-0] mApL AdolsA vEeRgs ERIsITh

HAiEe 9 2 2% S5 AR 25 100% wHde
S9 AU QA 71 Al diM] 7R B HE<l 16.76%
aslodrk thao 2= 89 AR Qo T 2 RS 50%
2 72A1Z) S67, SssE S 50%2 7HAZ] S80] oAl
2 15.89%9} 13.41% W HFREF0] asiick A5RE%
o] 7k 27 W3k AuE] e S 531 GHo] 50% wkdE
S2 AUEIe 2 HFREER] 7IE AvelL. div] 4.38% 7231
th F 7HA¢] LID A 5 shs w502 Alist 49, 43
28 vl TAIRle] T 2 =27 SAs3) A3 v)s|
AFHEFS o =2 ¥8E AT T8 T =29
, A GRTE SA] ] frywo] SdsslE ) Ak
Sl AP APde] S50 SHAE 9ol AR 5 Sl
797F A ), A v O] el fEERe At
3 Ho] B4 B weRT AFaEge] =7 dvk
theo 2, F 71A] AFo] FAle| Agste] Al vlg-S T/
wo] ZA7E vastgirk LID 71 A3E 2% 50% 483k S5
Ae]Qel 2 ARG 100%=2 2718 492 Auny, 2=
st AAE 100% F7HA17] S6 AluE| et B 2 RS
100%2 =771 S8 Ae]Qol] I3l 248% ] =& 27F S}
el A B8-S 50%04 100%2 S7H71E 739, <4
slo] B ¥ =2WT Y & 598 JERdith £
AL AFFSE ML FEs FolEA sl AFR=
o] Fol= Far} VERAL Sss) A Ss) Al

= O

Y

F

ol

d
o

N

off

728 KSCE Journal of Civil and Environmental Engineering Research

Table 4.Flooding Loss Total Volume and Percentage Compared to
Existing Contidion (S1)

Flooding Loss
Scenario Total Volume Percentage

(10°1tr) (%)
S1 70.98 -
S2 68.08 -4.09
S3 65.06 -8.34
S4 69.27 241
S5 67.32 -5.16
S6 62.21 -12.36
S7 67.12 -5.45
S8 65.14 -8.23
S9 59.97 -15.52

A A AP 53] R AAARI] S718H 5]
ulo] HFHEY) FoNSA Wrk

] ] 2 8] 99190 W SRS AR A7
=S Table 4 RIS RS ATA REP} BEAE
St SAsP % 7p9] LID 71 o] B 100% v
Afelool 71 Akl o) 1552%: 7F3 B stk
T 71 A F g vsow Ak, PRt v
SPsIpL T T menrh o B o) URSS AR
o). 2 Alelol efsspl she AR AR Fs e
wet sl Shev, St P AR A8S B A%S
AR ZH ARG FAFE FolE ek
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Table 5. External Outflow Total Volume and Change Compared to
Pre-Implementation of Sewer Enlargement Measure

External Outflow
Scenario (10°1tr)

Total Volume Change
S10 636.02 +9.00
S11 632.07 +8.93
S12 622.30 +9.04
S13 593.04 +9.17
S14 587.76 +9.29
S15 579.55 +9.74
S16 573.20 +8.79
S17 570.34 +8.90
S18 564.95 +9.07
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