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ABSTRACT

Urban flood management(UFM) strategy ought to consider the connections and interactions between
existing and new infrastructures to manage stormwater and improve the capacity to treat water. It is
also important to demonstrate strategies that can be implemented to reduce the flow at flooding sources
and minimize flood risk at critical locations. Although the general theory of spatial impact is popular,
modeling guidelines that can provide information for implementation in real-world plans are still lacking.
Under such background, this study conducted a modeling research based on an actual target site to
confirm the hypothesis that it is appropriate to install green infrastructure(GI) in the source area and
to take structural protection measures in the impact area, as summarized in previous studies. The results
of the study proved the hypothesis, but the results were different from the hypothesis depending on
which hydrological performance indicators were targeted. This study will contribute to demonstrating

the effectiveness of strategies that can be implemented to reduce the flow at flooding sources and minimize
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the risk of flooding in critical locations in terms of spatial planning and regeneration.
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Figure 1. The location and elevation of the study area
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Table 1. Summary of GI characteristics
Parameter Permeable pavement Green roof
Surface Bern height [mm] 5 75
Vegetation volume fraction 0 0.1
Roughness (Manning’s n) 0.05 0.1
Slope 2 0.3
Soil/Sand Thickness [mm] - 150
Porosity - 0.4
Field capacity - 0.105
Wilting point - 0.047
Conductivity [mm/hr] - 72
Suction head [mm] - 20
Pavement Thickness 150 -
Void ratio 0.4 -
Impervious surface fraction 03 -
Permeability [mm/h] 72 -
Storage / Drainage mat Thickness [mm] 150 50
Void fraction 0.5 0.55
Seepage rate [mmj/hr] 78 -
Roughness (Manning’s n) - 0.3
Table 2. Overview of scenarios modeled in this study
. Green infra Gray infra
Scenarios
Source Impact Source Impact
Baseline (no installation) X X X
S1. Green in source + Gray in impact O X X @)
S2. Green in impact + Gray in source X O @) X
S3. Green in impact and source O @) X X
S4. Gray in impact and source X X @) @)
3. J2-030] elzZa} ALtz A e aefete] e Hlastr] flste of
a9 QZeke 7)E Azl Al A Af9d A8WA 5 0 e 2 Ay
#% $458kGreen Roof, GRS FHAEY  Qleh o, Abel ol el E4) 9% 54<
(Permeable Pavement, PP)= S3a & stsith. grgatel a9 Qo] Aol s18uAS 23
SWMMeA TEdTeke E9, B A o @S stk B9, ¥ AT4 1
+43E 2P3te] FAAYCM, 2 3 G elo] Axehe uAe BATEY 9
AAgaes ATl AXE wi7idsS = Aysisled, ad # ade] d=e 7«
o] &3] Table 12} o] 44319 thHRodriges et ZF 22 57814 A5S B3] S8 Aol
al., 2021; Abualfarj et al., 2018; Tirpak et al., gk = HAF ABE wgsie] §AS 9
2021; Randall et al., 2019). AFTh AAF A3 B AFea] A ad <
2 AT 2d-ade] dxele A8 ZetE ANYS uo FAD £ A4 BAE



70

WA - ol

ot
rl

— Noded — Node6 — NodeS — Node13 — Nodel1

Flood volume
by individual sulr-catchment
|

Flooding (CMS)
w
s

f\ »'|,||
LA

]

: il
o ﬂ.-..fa.:mr { B

Elapsed Time (hours)

10 12

Repeated simulation of
omitting rainfall input (0) for
individual sub-catchment

\— difference 4

Same rainfall inputs (1) for
the entire study area

uoiesyIsse|d

Tiow
I medium
R hiah

(contrib

uonealyisse|d

Jiow
I medium
I hinh
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Table 3. Summary of green-gray infrastructure implementation
Application condition
S.p?lt.lal Sub-catchment Gray(conduit cross-sectional height) Green(GR+PP)
division number
Original (m) Conduit type Enlarged (m) Area (ha)
3 3.0 closed 34 20
rectangular
Source area 12 30 closed 34 20
rectangular
7 12 circular 1.4 4.0
Source-lImpact 14 12 circular 13 40
Intersection
Impact area 2 1.3 circular 1.5 4.0
16 1.2 circular 1.4 4.0
Table 4. Overview of results by scenarios
Runoff (mm) Flood Infiltration Peak runoff
(1,000m3) (mm) (CMS)
Baseline (no installation) 264.0 16.7 0.7 337
S1. Green in source + Gray in impact 255.0 3.9 32 314
S2. Green in impact + Gray in source 2579 12.6 4.4 315
S3. Green in impact and source 248.7 5.6 7.0 314
S4. Gray in impact and source 264.0 9.3 0.7 338
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Figure 6. Spatial analysis framework for FRM(left panel) and land cover map(MOE, South Korea, 2019)(right panel)

Ax ol WHH ] e FRet FAF s AEAFE BRE et weh AEE E
‘retain’ 7S AR vhkek a9 <1z} 7] g 2ebd 9SS Rolsfor gtk
He Aot 712 =4 B4 Fetems & d7e 2 7 Al EAet=, of
BRete 4o 42 Hugehs U $HE 5 A7 A BE S AP s b
F itk AdAAE T FAA G EAlEN = A ofy Tk 9 Fme} A &ARt <
FAFY ‘relieve’ Tl E S LA A] w) o G TS & Avhe Holvk uhebA, A
T Alz="el dg kS Eol7] fsf) ARl RS A% ATddAE AT AR FE
S 23 F gle 2ol B T Al A aeste] e A% A" tig £
9% o glvk v moz spd B Y v Ae FddoR vk L Shelfrol AlFA e
o} A U resist TN FUHAYL 2 B QA Lo} Az T =t
TrERH AES B3 F3le F 2 Ayl ol AR ol dig M-S efslr] o
Aol stedr 8 5 544 53 =2 s sk 23] H9e e e mde 33
AE AT =9 nejEok vk HF=s =Y Zart Aok HEol ¥ A7
Me ad 3 age] lze Ik 2S5 dAA
v.d E 7171 S 22 RS s THE Tle
TTRE Atz steletl, FF delMs
2 AT e el 7l 9 9 99 £F TIe e VIEeR 24E dANA HE
ZllEE 7o 2 SRR E8ate] F4d IS AASe o] tigte] € & Sith
ue I dFe e EA =4 ad-a g, & Ao AAlE 27 Qlxet Aluke] e
dlo] Azate] g7E Agd e AN A = ddA e AE AA SEEsE, A4 Ex
e AEch A7 2 48 et o B TS AR rH e d4E9l
T AGdME ad Az, T Fdarb Adskg ok 2By Al o 20383t 2dE S
Ao ago] Az T Aol 5 3H02~20)7}F 2k 1hadl HE mskw B A7
Azl frelg Ae® Gl ot Axf A AR ARl T 122 12ha)e AEA
23 A AeAFdA e F 4ol BF 2 o] Wk addE s el S vtes
d dzepnt gk AluE et o fEd A Ae 1ER EEY EARA G ARV v
o2 =¥ 2%E 13¥ 9, oW FEIH Aoz w021y lha) AXERE Eoln



74 i - ol

T

lors AENE e £ A7) Ao
AARE 4G A AT Aoz A

B ATE HHE AME FAHCR dta 9l
W= ATRE =Esta QA 7] wEel 9
AR Adske | d¥ A e,
FAIE L A SHAAN T4 BAYLY] 55
= Fo|la HF A 5 AP & Has}e}]
A3l ALA ks FAT AA7el dig waF

References

Abualfaraj, N., Cataldo, J., Elborolosy, Y., Fagan,
D., Woerdeman, S., Carson, T., Montalto,
F.A., 2018. Monitoring and modeling the
long-term rainfall-runoff response of the
Jacob K. Javits center green roof. Water
(Switzerland) 10, 1 -23.

Bae, C., Lee, D.K., 2020. Effects of low-impact
development practices for flood events at
the catchment scale in a highly developed
urban area. Int. J. Disaster Risk Reduct.
44, 101412.

Dawson, D.A., Vercruysse, K., Wright, N., 2020.
A spatial framework to explore needs and
opportunities for interoperable urban flood
management. Philos. Trans. R. Soc. A
Math. Phys. Eng. Sci. 378.

De Vleeschauwer, K., Weustenraad, J., Nolf, C,
Wolfs, V., De Meulder, B, Shannon, K.,
Willems, P., 2014. Green-blue water in the
city: Quantification of impact of source
control versus end-of-pipe solutions on
sewer and river floods. Water Sci.
Technol. 70, 1825 - 1837.

Escuder-Bueno, 1., Castillo-Rodriguez, J.T,,
Zechrer, S., Jobstl, C., Perales-Momparler, S.,
Petaccia, G., 2012. A quantitative flood

risk analysis methodology for urban areas
with integration of social research data.
Nat. Hazards Earth Syst. Sci. 12, 2843 -
2863.

Fletcher, T.D., Shuster, W., Hunt, W.F., Ashley,
R., Butler, D., Arthur, S., Trowsdale, S.,
Barraud, S., Semadeni- Davies, A.,
Bertrand-Krajewski, J.L., Mikkelsen, P.S.,
Rivard, G., Uhl, M., Dagenais, D.,
Viklander, M., 2015. SUDS, LID, BMPs,
WSUD and more - The evolution and
application of terminology surrounding urban
drainage. Urban Water J. 12, 525 -542.

Ghofrani, Z., Sposito, V., Faggian, R., 2017. A
Comprehensive Review of Blue- Green
Infrastructure Concepts. Int. J. Environ.
Sustain. 6.

Hoang, L., Fenner, R.A., 2016. System interactions
of stommwater management using sustainable ur-
ban drainage systems and green infra-
structure, Urban Water Journal, 13:7, 739-
758.

Horton, B.Y.RE., 1945. MORPHOLOGY 56, 275
-370.

Intergovernmental Panel on Climate Change
(IPCC), 2014. Climate Change 2014:
Synthesis Report; Contribution of Working
Groups I, I and I to the Fifth Assess-
ment Report of the Intergovernmental
Panel on Climate Change; Pachauri, R.K.
Meyer, L.A., Eds.; IPCC: Geneva, Switzer-
land.

Korea Land and Geospatial Informatix Corporation,
2021, November 17. Inundation trace
information [Data set]. https://www.data.
go.kr/data/15048627/fileData.do?recomm
endDataYn=Y

Korea Meteorological Administration, 2010. 2010



tlo

449 24 F4 A%

A adl-ade] d=et A AR A A7 75

Abnormal Climate Report.

Merz, B., Kreibich, H., Schwarze, R., Thieken,
A., 2010. Review article “assessment of
economic flood damage.” Nat. Hazards
Earth Syst. Sci. 10, 1697 - 1724.

Ministry of Environment, South Korea, 2019.
Overview of the current status of the land
cover map. Retrieved from https:/fegis.me.go.kr

O’Donnell, T., 2019. Contrasting land use policies
for climate change adaptation: A case
study of political and geo-legal realities
for Australian coastal locations. Land use
policy 88, 104145.

Petrucci, G., Rioust, E., Deroubaix, J.F., Tassin,
B., 2013. Do stormwater source control
policies deliver the right hydrologic
outcomes? J. Hydrol. 485, 188 -200.

Randall, M., Fensholt, R., Zhang, Y., Jensen, M.B,,
2019. Geographic object based image
analysis of world view-3 imagery for
urban hydrologic modelling at the
catchment scale. Water (Switzerland) 11.

Rodrigues, A.L.M., da Silva, D.D., de Menezes
Filho, F.CM., 2021. Methodology for
Allocation of Best Management Practices
Integrated with the Urban Landscape.
Water Resour. Manag. 35, 1353 - 1371.

Rossman, L., 2010. Storm Water Management
Model User’s Manual Version 5.0, US
EPA Office of Research and Development,
Washington, DC, USA.

Saghafian, B., Jannaty, M.H., Ezami, N., 2015.
Inverse hydrograph routing optimization
model based on the kinematic wave
approach. Eng. Optim. 47, 1031 - 1042.

Saghafian, B., Khosroshahi, M., 2005. Unit
Response Approach for Priority Deter-
mination of Flood Source Areas. J. Hydrol.

Eng. 10, 270 -277.

Seoul city, 2022, October 22. Seoul city green roof
project information [Data set]. http://data.
seoul.go.kr/dataList/OA-15635/F/1/datase
tView.do

Tirpak, R.A., Winston, R.J., Simpson, LM,
Dorsey, J.D., Grimm, A.G., Pieschek,
R.L., Petrovskis, E.A., Carpenter, D.D.,
2021. Hydrologic impacts of retrofitted
low impact development in a commercial
parking lot. J. Hydrol. 592, 125773.

Vercruysse, K., Dawson, D.A., Glenis, V., Bertsch,
R., Wright, N., Kilsby, C., 2019. Deve-
loping spatial prioritization criteria for
integrated urban flood management based
on a source-to-impact flood analysis. J.
Hydrol. 578, 124038.

Woldesenbet, T.A., Elagib, N.A., Ribbe, L.,
Heinrich, J., 2017. Hydrological responses
to land use/cover changes in the source region
of the Upper Blue Nile Basin, Ethiopia. Science
of The Total Environment 575, 724-741.

Yang, W., Zhang J., Assessing the performance
of gray and green strategies for sustainable
urban drainage system development: A
multi-criteria decision-making analysis,
Journal of Cleaner Production, Volume
293, 2021, 126191.



