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Climate exposure Sensitivity Adaptive capacity

indicator indicator indicator

Standardfzation Standalidization Standardization

Apply w%ghting Apply ‘\lcighting Applylweighting

f(Climate exposure, Sen.i'tivity, Adaptive capacity)

Standali(ﬁiation

Park et al., (2015)

| IPCC (2007) |

: Flood vulnerability = o x Climate exposure + i x Sensitivity — y x Adaptive capacity|
|

——————————————————————————————————1

|
| Proxy Variables for Climate Exposure, Sensitivity, and Adaptive Capacity (Park et al., 2015)

|
|
I Index Indicator Unit Description Source |
I Climate exposure CN80 Day Number of days > 80 mm Koh (2009) I
| CX3h mm Maximum precipitation during three hours |
| CX24h mm Maximum precipitation during 24 h ME (2012) I
CP24h200y mm Maximum probable precipitation
| (24 h duration, 200 year frequency) |
I C90th mm/day 90th percentile of rainy day amounts CRU (2005)
CSDI mm/day Simple daily intensity CRU (2005) |
| CX5d mm Greatest five-day total rainfall CRU (2005) |
| CPL90th %o % of total rainfall > long-term 90th percentile of rainy days CRU (2005)
CNL90th Day Number of days > long-term 90th percentile of rainy days CRU (2005) |
| Sensitivity SWF m?*/day Wastewater flow rate ME (2012) I
SRL km Road length ME (2012)
| SPD Person/km” Population density NDMI (2011) |
| Adaptive capacity ARS % River improvement rate ME (2012) I
I AGRDP One million won Gross regional domestic product ME (2012) :
|

o2l ¥F(Hazard), &= (Exposure), 24 (Vulnerability)2] #AH2 U &= UAS
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/3 FEMA Search Q Prepare for Disasters  Get Flood Insurance  wfs Apply for Assistance & Check Application Status

ula-_o_ ﬁl:lol- §¢E%=1 EE:EEH Disasters & Assistance v  Grants v  Floods&Maps ~ Emergency Management ~  About v~  Work WithUs +
5 AL - =t Flood Insurance
- 0|20 HUHRLE 1950 2E SHESLHUN | 2 WM NI [z

Flood Insurance

« 1965H ER2|CA|Yu =SH Z T Hoto| =4 0|50, 1968 5LE{ 8L HHf Find an Insurance Form )\

The National Flood Insurance

_I_Eg O | 1‘”1" El 91% mz;tah:i;: REENRRES Pr;:gramhprovi(.ies insuraﬁ(g to heip
reduce the socio-economic impac
Risk Rating 2.0 of floods.
° 1 969L;IO‘”i Dla-ol i}\E-lAE_O'” I:H?_I- _IO_JS!EO-IZ-”E I I-%—?Ei EEJ_%.I Ins;lranceOutreach
Publications
(National Flood Insurance Program) 0| 2F=0{&

Rules and Legislation
Flood Insurance Advocate

= 600 7H2| B e|A HIEHZ7FAEEIN US

Floodplain Management

Flood Maps

- odt34u3 T2 32 National Flood Insurance Program (NFIP) A5 R D Frol Eamlol Kool BRO T e
9| Federal Emergency Management(FEMA) 7} ':”:%LTL U=

The National Flood Insurance Program (NFIP) is managed by the FEMA and is delivered
to the public by a network of maore than 50 insurance companies and the NFIP Direct.

H S AlAISH= H y 2 X35l XO|©. 0 OISgF A
° I-ZH 7DI-ZH Z-IZ_I.Il = EA| Ol‘: Z| C)I-Zl-ll I:—I_I-Z.”o‘” 7-I_l_ol-: _I_I?_IE Dlg‘lE 7|- |:|°EI- T Floods can happen anywhere — just one inch of floodwater can cause up to $25,000 in
O | o ] H Cl3 ZFA= OF HF S A S = —_ damage. Most homeowners insurance does not cover flood damage. Flood insurance is
M3 0|'X| I-y Z| C)I-Zl-ll I_I-Z.”jl- N Fl PO" DI- _-II ol-Zl LOQE E o %T E%I Ol Ej |'0|' a separate policy that can cover buildings, the contents in a building, or both, soitis
E- E_I.Z-' O ol important to protect your most important financial assets — your home, your business,
|-|_ — 0 | MO

your possessions.

Disasters & Assistance v  Grants v  Floods&Maps v  Emergency Management v  About v WorkWithUs v

We proudly recognize all veterans,
including the many FEMA veteran
employees continuing to serve their
country by supporting survivors
before, during and after disasters.

Happy Veterans Day

‘ Hear from Our Veterans

X2 =X : FEMA / B, 7|122|7|8 2L}
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Flood Re

Flood Re is ajoint initiative between the Government and
insurers. Its aim is to make the flood cover part of
household insurance policies more affordable.

What's our story
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HthS chfc—l_Zg:ng xfy+z?=1cixfi

H = Amount of Hazard
fr = Hazard Factor (=1)

. | HXfrp<CcXfc+Xg-1CgXfg +Xiz1Ci X f

C, = Applied Green Infrastructure Capacity
fq = Applied Green Infrastructure Capacity Factor (< 1)
C; = Applied Gray Infrastructure Capacity
fi = Applied Gray Infrastructure Capacity Factor (< 1)
n = No.of applied technology

// : X H = Amount of Hazard
AR fn = Hazard Factor (=1)
C. = Current Capacity

Mitigating Technology fc = Current Capacity Factor (< 1)
; ir"e:';ilff”“r““““ IO Cy = Applied Green Infrastructure Capacity
- Green Wall fg = Applied Green Infrastructure Capacity Factor (< 1)

+ Ecological Waterway
+ Permeable Pavement

C; = Applied Gray Infrastructure Capacity
fi = Applied Gray Infrastructure Capacity Factor (< 1)
n = No.of applied technology

Evaporation

Hazard Factor Capacity Factor

Climate Change Deterioration
Human Activity

Carbon Emission

Volume of Technology

Fatigue

o | ameatemen | L Ao RCHHEHE Bt Y MUY 915 BN HERY
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: Gray Infrastructure
" Sermee ek 7|tk RRlo M-S o EHE
*  Gutter Hanger
Water Tank +  Collect Pipe
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Pipe Info Outfall Info Manhole
. Maximum
. length of . Diameter of No. of No. of
no. of Pipe Pipe Type of Pipe Pipe Outfalls Manhole Depth of
Manhole
40,281 10,675 km  Cireor Various 336 39,197 Various

Rectangle

SWMM
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- - =Sensor Measurement
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Suburb Area
Vegetative Swale (Width of Boulevard > 32 m)
Rain Garden (Width of Boulevard = 24 m)

(W:18m/H:18m
Rectangle shape)

Bio-retention Cell
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Plan of Grey Infrastructure

Pipe Info Manhole
. Maximum
. . . Diameter of "
Type of Grey Infrastructure no. of Pipe length of Pipe Type of Pipe Pine No. of Junction  No. of Manhole Depth of
P Manhole
Sub a 6 2.80 Circle 12 1 6 40
Sub b 17 6.69 Circle 12 1 16 40
Sub ¢ 10 4.26 Circle 12 1 9 40
Subd 9 3.85 Circle 12 1 8 40
Type A
Sub e 9 2.87 Circle 12 1 8 40
Sub f 9 341 Circle 12 1 8 40
Sub g 8 4.45 Circle 12 1 7 40
Sub h 7 3.11 Circle 12 1 6 40
Sub A 17 10.02 Rectangle 18 1 5 60
Sub B 26 15.61 Rectangle 18 3 23 60
Type A Type B Sub C 30 10.29 Rectangle 18 3 27 60
Sub D 15 4.15 Rectangle 18 2 13 60
Sub E 11 347 Rectangle 18 1 10 60
I & y . Sub F 14 2.98 Rectangle 18 2 12 60
ke R Sub G 10 3.19 Rectangle 18 1 9 60
‘ ‘ Type B Sub H 15 3.95 Rectangle 18 2 14 60
CRE HE EHE R) L3 QI MOIEIDNY IS HE (=)
HSHE 12 m, Y HEY, 20| 45 km HSHE 18 m, ALt HE, Z0] 6.3 km Sub | 19 7.20 Rectangle 18 2 17 60
Safety Factor of Grey Infrastructure Sub J 14 312 Rectangle 18 P 13 60
e - - o Sub K 58 14.10 Rectangle 18 3 56 60
Sub L 23 5.05 Rectangle 18 2 21 60
Sub m 12 8.93 Rectangle 18 2 10 60
= Sub N 28 16.90 Rectangle 18 3 25 60
N
Sub O 36 2032 Rectangle 18 2 34 60

Volume of Grey Infrastructure



[ g|A3 Al ] —— [ A3 2M —— [ Z|A3 Mz ] — [ Z|A3 ™I}t ] [ —— [
A9 2 [HA S A0 oS M . ol
THA MAS Ojde 2 =2| 2|lA3 M3 HA : 12|0] I}
- 2088'A0= Z==2t Z[CH 400 mmLX| LiE A2 TEE|H, o i J2|0] QIZEIZE XA = U= 8+F2 20~33% B=Y
1200 1200
= Amount of Fleoding (Prep. 400 mm) = Amount of Flooding (Prep. 350 mm)
—o=— Effect of Grey Infrastructure (with ) —o— Effect of Grey Infrastructure (with £)
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) 33.50% (wio f) @ 21.00% (B=0.6)
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B = Safety Factor of grey Infrastructure

= Amount of Flooding (Prep. 300 mm)
—C— Effect of Grey Infrastructure (with )

—=— [Effect of Grey Infrastructure (w/o §)

24,3196 (B=0.64)

Flooding (CMS)
Flooding (CMS)

18.10% (wio )

1200

1000

300

o
g

400

200

e

[ —

Amount of Flooding (Prep. 250 mm)

Effect of Grey Infrastructure (with )
Effect of Grey Infrastructure (wio §)

27.06% ( f=D0.65)

41.449% (wio )
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B = Safety Factor of grey Infrastructure

Flooding (CMS)

1200
= Amount of Flooding (Prep. 200 mm)
—o— Effect of Grey Infrastructure (with )
—=— Effect of Grey Infrastructure (w/o 8)
1000
800
600
400
32.74% (B =0.67)
48.30% (wio )
200
0

Flooding (CMS)
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= Amount of Flooding (Prep. 150 mm)

Effect of Grey Infrastructure (with §)

Effect of Grey Infrastructure (wio )
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Plan of Green Infrastructure

Type of Green Infrastructure  Applied Location Criteria
Bio-retention Cell Industrial Complex Area of Industrial Complex x 0.1 (m?)
Vegetative Swale Median Vegetation Length of Boulevard x 1 (m?) Width of Boulevard >= 32 m
Rain Garden Boulevard Length of Boulevard x 0.5 (m?) Width of Boulevard >= 24 m
Permeable Pavement Sidewalk Length of Boulevard x 1.5 (m?) Width of Boulevard >= 16 m
Green Roof Apartment Area of Apartment x 0.1 (m?)
Rain Barrel House Area of House x 0.05 (m?)

width of one lane : 4 m

Bio-retention Cell Permeable Pavement

i
£33

{—su:n
== mEal 2T

(60) L:-Eﬂ&’ﬂﬁ ZNRIE =5t
S (30)

QISR st




Area

Area of Green Infrastructure
(Bio-retention Cell)

Subcatchment

120,000 m?

200,000 m?
1.4 km?

3.3 km?

12,000 m?2
20,000 m?
140,000 m?

330,000 m?

Sub-8646
Sub-8646
Sub-6288

Sub-9844
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Street-based Green Infra

Vegetative Swale (2144 &2|CH)

|>

—> [ a2axz
ezl ologt

- Boulevard (L = 32 m)

Street based Green Infrastructure

Subcatchment  Area of PP Area of Rain Garden Area of Vegetative Swale
:] Boulevard (32 m > L = 24 m) 10603 101,691 28,644 41,430
1735 186,554 55,477 107,410
[ ] Boulevard 32m >L>24m) 2628 213,624 65,049 97,884

6288 186,600 29,530 37,369

6669 76,545 23,662 47,324

6910 225,893 58,886 105,718

7295 230,961 72,966 53,441

7305 853,137 276,779 542,481

7354 427,454 135,394 270,569

7642 227,655 74,338 70,075

7949 99,788 29,922 57,882

8067 36,701 11,745 23,490

8646 541,433 169,525 317,709

8831 435,533 138,539 261,899

8923 164,678 54,398 92,560

8937 78,470 25,823 37,222

8954 179,210 58,837 111,289

8958 29,994 4,751 9,502

9140 83,840 26,227 39,474

9514 776,445 249,438 496,299

9678 184,262 55,141 101,347

9806 104,004 31,184 48,261

9844 195,029 54,727 99,996

16m 0|4 24m D|2H 24m O}44 32m O} 2+ 2mo|4
Subcatchment Road Length  Area of PP Road Length Area of PP Area of Rain Garden Road Length  Areaof PP Area of Rain Garden Area of Vegetative Swale

10603 10,507 15,761 15,857 23,786 7,929 41,430 62,145 20,715 41430
1735 13,416 20,123 3544 5,316 1772 107,410 161,115 53,705 107,410
2628 12,319 18,479 32213 48,320 16,107 97,884 146,826 48942 97,884
6288 65,339 98,009 21,692 32,538 10,846 37,369 56,053 18,684 37,369
6669 3,706 5,559 o o o 47,324 70,986 23,662 47324
6910 2,823 49,235 12,055 18,083 6,028 105,718 158,576 52,859 105,718
7295 8042 12,063 92,491 138,737 46,246 53,441 80,162 26,721 53441
7305 15,200 22,801 11,076 16,615 5538 542,481 813,721 271,240 542,481
7354 14,181 nmn 20 39 110 270,569 405,854 135,285 270,569
7642 3,095 4,643 78,600 117,900 39,300 70,075 105,113 35,038 70,075
7949 6,682 10,023 1,961 2,942 981 57,882 86,823 28941 57,882
8067 77 1,466 o 0 [] 23,490 35,235 11,745 23490
8646 21,905 32,857 21342 32,013 10671 317,709 476,564 158,855 317,709
8831 13,278 19,917 15,178 2,767 7,589 261,899 392,849 130,950 261,899
8923 950 1485 16,235 24,353 818 92,560 138,840 46,280 92,560
2937 667 1,001 14,424 21,636 7.212 37222 55,833 18611 37222
2954 1,800 2,700 6,384 9,576 3,192 111,289 166,934 55,645 111,289
8958 10,494 15,741 o o ] 9,502 14,253 4751 9,502
9140 3439 5,159 12,980 19,470 6,490 39,474 59,211 19,737 39474
9514 18,755 28,133 2,576 3,864 1,288 496,299 744 449 248,150 496,299
o678 n2sse  mgw B9l 13,403 068 038 1201 067 101387
9E06 6,968 10,452 14,107 21,160 7,053 48261 72392 24,131 48,261
qB44 20,565 30,848 9,458 14,187 4729 99,99 149,994 49,908 99,996




Green Roof (=3t

_ Apartment, Office, and

Educational Building

Plan of Green Roof — Apartment, Office, Educational Building

Rain Barrel (2! E)

Subcatchment Building Area Area of Green Roof
10603 176,291 17,629
1735 201,257 20,126
2628 585,591 58,559
6288 108,186 10,819
6669 19,106 1,911
6910 257,190 25,719
7295 267,734 26,773
7305 231,206 23,121
7354 127,161 12,716
7642 29,228 2,923
7949 181,876 18,188
8067 107,587 10,759
8646 462,122 46,212
8831 177,774 17,777
8923 52,111 5,211
8937 109,137 10,914
8954 168,399 16,840
8958 77,937 7,794
9140 69,779 6,978
9514 77,503 7,750
9678 310,082 31,008
9806 184,009 18,401
9844 298,453 29,845
Plan of Rain Barrel - House
Subcatchment Building Area

10,603 257,419

1,735 183,139

2,628 568,252

6,288 85,548

6,669 29,290

6,910 237,459

7,295 24,293

7,305 45,294

7,354 5,371

7,642 7,048

7,949 38,608

8,067 123,009

8,646 205,427

8,831 150,788

8,923 183,324

8,937 274,576

8,954 163,141

8,958 69,891

9,140 131,000

9,514 33,303

9,678 64,130

9,806 20,866

9,844 84,344
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Flooding (CMS)

O Tt

¥ = Safety Foctor of green Infrastructure

1200
= Amount of Flooding (Prep. 400 mm)
—¢— Effect of Green Infrastructure (with y)
—2— Effect of Green Infrastructure (w/o y)
1000
6.55% (y=0.64)
10.25% (wio y)
500
600
400
200
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Flooding (CMS)

E|H, of iwf 3|0 AZEtZ X

1200

1000

800

E222 6~10% Y=Y

Amount of Flooding (Prep. 350 mm)

Effect of Green Infrastructure (with y)

Effect of Green Infrastructure (w/o y)

3.91% (y=0.65)

13.68% (wlo y)
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1200

1000

800
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Flooding (CMS)

400

200
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Mg 47 : 73 o1z

¥ = Safety Factor of green Infrastructure

— Amount of Flooding (Prep. 300 mm)

—0o— Effect of Green Infrastructure (with y)

—=— [Effect of Green Infrastructure (w/o y)

11

17.27% (wio ¥)

61% (y=0.67)

Flooding (CMS)

1200

1000

800

&
g

— Amount of Flooding (Prep. 250 mm)
—o— Effect of Green Infrastructure (with y)

—r— Effect of Green Infrastructure (w/o y)

13.34%% ( y=0.70)

18.97% (w/o y)
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¥ = Safety Factor of green Infrastructure

1200 1200
— Amount of Floeding (Prep. 200 mm) — Amount of Floeding (Prep. 150 mm)
—0C— Effect of Green Infrastructure (with y) —0C— Effect of Green Infrastructure (with y)
—=— Effect of Green Infrastructure (w/o y) —=— Effect of Green Infrastructure (w/o y)
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15.81% (y=0.73)

400  uemewy) 400

18.83% (y=0.76)
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Plan of Grey Infrastructure [ TypeA Plan of Green Infrastructure
[ 1 TypeB

Type A TypeB
P P ':'ype of Green Applied Location Criteria -
nfrastructure
Bio-retention Cell Industrial Area of Industrial Complex x 0.1 (m?2)
Complex
. Median .
Vegetative Swale vV ) Length of Boulevard x 1 (m?) Width of Boulevard >= 32 m
egetation
Rain Garden Boulevard Length of Boulevard x 0.5 (m?) Width of Boulevard >= 24 m
Permeable Pavement Sidewalk Length of Boulevard x 1.5 (m?) Width of Boulevard >= 16 m
CRE HIE EHY () T3 Ol AJO|EIONS HIE EH Y (a3 Green Roof Apartment Area of Apartment x 0.1 (m?)
gotE 12 m, ¥ FE, ZO| 45 km YokE 18 m, ZAtZrd HE, 40| 6.3 km Rain Barrel House Area of House x 0.05 (m?)
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Range of Simple Sum for both Infrastructure
Range of Interaction for both Infrastructure
Amount of Flooding (Prep. 350 mm)

Simple Sum of both Infrastructure (Min)
Simple Sum of both Infrastructure (Max)

Interaction of both Infrastructure (with a)

Interaction of both Infrastructure (w/o a)

40.32% (a=0.74)

54.22% (wio a)
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a = Safety Factor of Interaction for both Infrastructure
1200 1200
Range of Simple Sum for both Infrastructure
Range of Interaction for both Infrastructure
= Amount of Flooding (Prep. 400 mm) —
1000 —O—Simple Sum of both Infrastructure (Min) 1000 —0—
== Simple Sum of both Infrastructure (Max) ——
=0 Interaction of both Infrastructure (with a) ——
== Interaction of both Infrastructure (w/o a)
800 800
n 33.91% (a=0.7) n
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= 600 600
] =
S S
=) 48.49% (w/o @) 2
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400 400
200 200
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1000 —O— Simple Sum of both Infrastructure (Min) 1000 —CO— Simple Sum of both Infrastructure (Min)
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Flooding Reduction Effect of Interaction
for Two Infrastructure { I [€,,, C;] )
Simple Sum of Flooding Reduction Effect
for Two Infrastructure { C,+ C, )

Flooding Reduction Effect of Grey
Infrastructure (€, )

Flooding Reduction Effect of Green
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Infrastructurs Interaction o)
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3 Flooding Reduction Effect of Interaction
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test_y_pred = np.reshape(test_y_pred, (len(test_y_pred),1)) =
r_squared - r2_score(y_test, test_y_pred =]
1(y_test, test_y pred) S 30
str(round(r_squared,4)), fontsize = 5) =
(round(MAPE, 2) )+ X", fontsize = 5)
pdDstaframe(y_tort)
excel( ‘output. test.xtsx") 20
abrt N
Lot_impos (mode1, i ber) ‘~
_smportances (model, figure_number): _ . .
PIx- Flgre(Flgora masbar) e s e, teeo.,, N 0.6
t o
, align-‘center)
AL it (o ol Wantaime) s Fe .
e LD s 10 e, e
m\ensenble\ gb. py:494: Dataconversionuarning: A column-vector y was po-=c4 | | | . Tedramrocture
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me (test3) y n
Eoon ot_mportances (gbrt. Flooding,3)
def feature_impt(model, x, y): return test3() 3 0

odel = model.fit(x, y)
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Precipitation (Duration : 3 hr)
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