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[] Method and Apparatus for Forecasting Earthquakes and Making Informed Risk

Management Decisions
(AR G5 2 A7 @8 Z2F S 94 $H 2 =) (US7280920B1)
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CHOOSE A DAY & LOCATION

CHOSE THE TOP X NUMBER OF
VELOCITIES(CORRESPONDING
T0 SPECIFIC WAVEFRONTS)

WHICH QUAKES

CALCULATE TIME & DX BETWEEN YIELD VELOCITIES

THE CHOSEN DAY AND ALL MAIOR THAT NATCH THE

EARTHQUAKES IN PAST 40 YEARS TOP X NUMBER OF

VELOCITIES? ARE THERE
MORE THAN X
QUAKES WITH
WAVEFRONTS

: INTERSECTING
YES: THIS IS A FUTURE EPICENTER AT THIS POINT

(WITH PROBABILITY & MAGNITUDE} 2

NO: THERE IS NO
FUTURE EPICENTER HERE

STORE IN A DO THIS FOR ALL LOCATIONS AND

DATE-SPECIFIC e
FORECASTE FILE ANY NUMBER OF USER-SPECIFIED

kIIM:I
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[ ] Disaster Risk Assessment System, Disaster Risk Assessment Support Method,
Risk
Assessment Method, and Disaster Risk Assessment Service Providing Method
(A3 AD ZAA =, A AZB7HLH, AAAE F7HAHl = AFAIEH, 23]
AFB7E HH 2 Aul2 A3HHY) (US2004-0236676)

Disaster Risk Assessment Service Providing System, Disaster
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TARGET PART RESPONSE
ASSESSMENT UNIT

EVENT TRANSITION
ASSESSMENT UNIT

LOSS-COST EFFECT
ASSESSMENT UNIT

LOSS-COST EFFECT ASSESSMENT

LOSS WITHIN
ASSUMED RANGEP

E A 39 e w3 TS Agst, A
kol Akl Al Asgm R A Aol o v sE
skef Axte] Az Hej s Abgsta 24
Tol ARE ol gt AyEd B A
3t 2D AxE XET
10

DISASTER (EARTHQUAKE] HAZARD CURVE ESTIMATION UNIT

ACCELRATION AMPLIFICATION COEFFICIENT
(TARGET PART RESPONSE ACCELERATION] ESTIMATION UNIT

EVENT TREE CREATION UNIT

TARGET FACILITY FAILURE (FRAGILITY)
ESTIMATION UNIT

DIRECT LOSS AMOUNT ESTIMATION UNIT

COMPRENSIVE
ASSESSMENT REPORT

(ECONOMIC LOSS: EQUIPMENT LOSS AMOUNT OF BUILDING
/SYSTEM. OPERATING LOSS AMOUNT, HUMAN COST
ECONOMIC COMPENSATION: DAMAGE COMPENSATION

BY CASUALTY INSURANCE]

MISCELLANEQUS COST ESTIMATION UNIT
(INITIAL COST. EQUIPMENT MAINTENANCE COST, PREMIUMI

a0
SUSPENTION-CAUSING BUSINESS VALUE LOSS AMOUNT
ASSESSMENT UNIT
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[ 1 Method and System for Generating a Flash Flood Risk Score
(BT AYATE A3 9% HH7g Al2") (US2015-0019262)
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ANALYTICS APPLICATIONS
WATERSHED HYDROLOGY 42
DETERMINATION

DATABASE
LAND SURFACE DETERMINATION a4 TG
METEOROLOGICAL CONDITIONS 5 [

]
:
I
l
:
:
I
I
|
I
I
I
I
DETERMINATION :
; METEOROLOGICAL
PROPERTY INFORMATION 8| | DATA
DETERMINATION i
I
I
]
l
I
:
I
|

PROPERTY

FLASH FLOOD ASSESSMENT a0 WATERSHED DATA

COMPUTING INTERFACES TO
DEVICE EXTERNAL SERVICES
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[ ] Systems and Methods for Generating Risk Assessments
(¥ 371 A4S 98 A= 2 39) (US20140007244)
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924

24 506 907
MAIN MEMORY READ-ONLY MASS STORAGE

MOMORY DEVIGE

: 208
MANAGEMENT APPLICATION

605
REMOVABLE
STORAGE MEDIA

502
PROCESSOR 503 o
COMMUNICATION P

990-2
RISK MANAGEMENT PORT
PROCESS .

240
TRANSPORT AND/OR
TRANSITI NETWORK

530
DISPLAY INPUT
SCREEN DEVICE
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[ ] Systems and Methods for Quantifying Flood Risk
(T3S AZss7] 948 Al2" 2 i) (US20140229420)
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[] Assessing Scenario—Based Risks (AU 2 71dt 9§ H7}) (US2013/0325545)
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368
START

*I

302 IDENTIFICATION OF RISK COMPONENTS

304 IDENTIFICATION OF SCENARIOS

306 EVALUATION OF SCENARIOS
308 DETERMINE RISK PROBABILITY,
IMPACT MAXIMUM RISK VALUE

310 PREPARE RESULTS

FOR DISPLAY
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[]1 Systems and Methods for Flood Risk Assessment
(27 98 B71E 9 A&7 1 Bl) (US007917292B1)

0 (2%) 54 Aol tal 9 T4 L BALEE Bl FF A94L A ¢
Al Fo AdES AEY
O (F818) MEd] BE F5 WPENA £AFAL AFHe] 5 AFH S £
Waiel, 4E DGE Held 5 A F5 994 FAAsEe A
- BrbEeE SHRNE $4094 B SRS AGPnst FHE okl YA
M2 Bato] ALgAA AT ATY
- FEMA, A4, RG34 So2Re Agne 54 442 Aems ool
AEAZ AGIH, FA-NE T F9-ANFHE BEF] AT A4

a01

A property point may be provided by a user.

.’ 503
The property point may be geocoded.
A substantially perpendicular line may be formed on a digital elevation 905

map, between the property point and a source in a same catchment
area as the property.

At least two points of flood frequency versus flood elevation for the L
property point may be defined using the at least two points.

A relationship between flood frequency and fiood elevation for the
property point may be defined using the at least two points.

4

At least one flood elevation at a flood frequency different from the
flood frequency of one of the at least two points for the property point
may be predicted using the defined relationship.

7
a0g

a1l

A flood frequency versus flood damage distribution may be calculated 13
for the property point using the flood frequency versus flood elevation
curve and a flood damage versus flood elevation relationship.

An average annual loss for the property point may be calculated using L
the distribution of flood frequency versus fiood damage.

18 1-28. =RIE BIIE I8 AIAH EXE



O Tdloly st 7l& 2 FHEF ok,

B olojE| BZ3}, 2453t J1&2 IRl URE J|E4F0| £2| Y1 Ao
AZEAY

B IUE 22 GIs Jlutel ZUES AT WIIENUES YHHOR A0
HlOlEi PR AHS3 714 OjHls A

B O2(E Y 27, SHREE BE7ISe 302 WIZNES JHAIEE0] DB ASE Jlag
SRS £y B J|Ee ML 4

B =2/= JHE7[sEolE+S 2 AtS3}, 2AEHIIE S)HF2

dm

3|7l i

O T34 = FAFd 2ok

oA fIdd/zIeFd B2171E0] 222 2D, 2|ttt FA|

i |2Fd
off 2ol 2|1 A= FA

i

B 3= st o
212 M2 o

B U= flddd 2 2

=

O|F0{R|11 AR, =& AFMMA ALl 2

10
%
o
d
10
M

O TeAMAAZIY Eoky

B 2ol oAEHY|HO| J|2420] ATE| Lo, 28 U 2ok x|ojo 22,
HIZZHOI Ch3 HHE X2

B 2= Zelo s Bt E= 2Aoat 02D AR XYU7AS 0jEsin, ¥
223 oy ZAo2 7AYol 0|20fZ




(3) FHS AR B Az A%
(b Fu A2

O +A92cr 24 AL #a

O 20149 % Frptoke] 22 38309 ¥e] AF-dlito] Fatx ) om 2018 %= 1% 6,630
o] FAL oA

O AR W14 ol F T FAARO} FA: AW 86%H & ASHOR Fad AP
6,000

5,000

3,000
2,345
2,000
N H H H H
o

2010 2011 2012 2013 2014 2015 2016 2017 2018
18 1-29. = =& 20 FHAE

AZ 1 2009~2018 =JHHE=2E A

Jon

JIBHE R, 2015.

O '+ 1087H200472013)] =] Bt = ¥ Als) D AS A A S3 ALt 5|
o2 2008 6984l A 20121 10,7184 102 F7lsl= FAI912)
O = AAAal - del= -9, ol o3 538
60,000
50,000
2000
30000 B
o0 | B
10,000 B 17
0 ' .
0045 085 20084 00 EBE a0 2004 AL 2013 Pl

—0— = THE Ky mateaofd)
g 1-30. =XHol IoHH & &H(2004~2013)

A= 0 2 01-2015 MAH 22 & AN2E, =EWS2 -k-water, 2015

1) 200972018 = 7FAIA &A1 E, 71 A4+, 2015
2) =3 v -2015 MA =9 & A=5F, FENFE k-water, 2015



2 1-11., 9&9E THol mlioi #2
ol ol
25 EHS S% e 43 == 2

p 4,245 2,672 8,376 - - 15,293
2004

Lt 3,416 2,150 6,739 - - 12,305

pl 1,686 4,284 6,693 113 - 12,776
2005

Lt 1,385 3,520 5,500 93 : 10,498

pl 142 22,990 62 169 69 23,432
2006

Lt 118 19,063 52 140 57 19,430

p 1,913 517 88 82 394 2,99
2007

Lt 1,609 435 74 69 331 2,518

pl 9 636 40 12 - 697
2008

Lt 9 581 36 11 - 637

p - 2,798 140 77 264 3,279
2009

Lt - 2,549 128 70 241 2,988

pll 1,824 1,911 701 2 74 4,512
2010
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pl 2,163 5,228 475 - 3 7,869
2011
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2012
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2013
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Total damages ($US billion) caused by reported natural disasters 1990 - 2012

i
Drought
Flood
Mass earth move - dry
Mass earth move - wet
Storm 1
Earthquake 5
Volcano
Other

1000

a0o0

1
0.6 0.8
1 1

600
1

0.4
I

400
|
Froportion of total damages per disaster type

[T T T

Estimated total damages ($US billion) per disaster type

200
1
0.2

0.0

Africa Americas Asia Europe Oceania Africa Americas Asia Europe Oceania
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Index Component Indicator Description
Number of days that 1-day precipitation
PN80 .
. Meteorology is more than 80 mm (days)
Sensitivity
PXID 1-day maximum precipitation (mm/day)
Hydrology MDF 1—day maximum runoff (m?®/sec)
Topography ELEV Average dlevation (m)
Ex r POP ' i 2
posure Socio—Economic Population per unit area (Person/km?)
ASA Asset per unit area (Won/m?)
Cl The ratio of secured bank stability (%)
Adaptation | Flood Protection \
PUMP | i 5 /mi
Capacity Facilities Drainage capacity of pump (m?’/minute)
DFC Flood control capacity of dams (10°m?)

O FDVI(Flood Damage Vulnerability Index)
- 55 8 Ak ASFDVDE 598l 43S 1A
A 7Sty A Ee F5 o] o3 ¢
] =

Eol AG A FAH S Ee] BAA

- 2ye) # kA 5 H(Flood Damage Vulnerability Rating, FDVr)S f3d¥ &3
& A =(Low, Moderate, Severe)S 7|02 AH =2 =71 (Low, Normal,
Heavy)2 7teA& Fo 15EH 7H4] 55 T8, =< o0 455 FAHHY A=7)

Fe AL on
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Class Flood Damage
Flood Rainfall Vulnerability Rating Symbol
Damage (FDVr)
Heavy 1
Low Damage Normal 2
Low 3
Mod Heavy 4
oderate Normal 5
Damage
Low 6
Heavy 7
Severe
Normal 8
Damage
Low 9

O ESPON(The European Spatial Planning Observation Network)
- 8o+ ESPON(The European Spatial Planning Observation Network) Z &2 A E
E Aldst 9 A9 A& AEd=E Hrbsle st JRE ¥ 2 S5

- ESPON 131 Projectell M= As AP} HAFor 7kl +d A9 A3

Various hazard indicators

Oil transpart
(Intensity 1 - 5}

Integrated risk map

National
GDP/capita

Social vulnerability

ESPON Projecte] S8 IEX| T A5
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EXTRAN ¥
STORAGE TEMP

Organization of SWMM
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- S-P-R 7I'H& Source - Pathway - Receptor®] ¢Fzt= 7]E¢] Input(&F
)-Output(¥| e 2}) 7Wde] SFHEA A A2 A Pathway(d2)E L3
T B 71

a) Input—Otput | b) Source — Pathway — Receptor
S-P-R29| 7ig

- =9 AF AREFE, AsHrE, T dHAd By T vk 2YS AAs
S HES dSshr] "o By A AV Bxeta Y-S S5y e=
25s Agsted 7Y ATkl A8

- kA 2 AT A= SR AZES ©EElr] YE 72 A Y g e
w=3}sle] SIMOD(Simplified Inundation Model)< 7]+

- ZF AU L E 7o R Bl E SHTR S0 Aol mhe 9le]e] Alof A YA
2 4 Q3 AJF A AREE EA A HE9 fEFHL AN Uss U
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Rainfall scenario

1
200 and 500 year frequency rainfall
consecmiveq?ccurrences

Water Level calculation

v

Scenario setting of levee collapse
1

Height : ¥m, Width : 35m
A 4
Inflow flood calculation
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Time Total Outflow Time Total Outflow Time Total Outflow
(hr) (m3) (hr) (m3) (hr) (m3)

30 2,055,750 55 36,406,264 80 99,849,314
35 6,133,322 60 44 462,268 85 117,492,331
40 12,077,848 65 52,536,904 90 130,134,271
45 19,036,509 70 64,653,536 95 139,754,559
50 27,411,181 75 82,179,722 100 147,738,737
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Time(hr)

Area(m®)

M B SHLEIM)
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Time(hr) | Area(m’)

195,600

353,071

3,255,965

4,800,473

8,655,918

11,840,375
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AlZhol whE ETHEHAY H2H(SIMOD)

Time(hr) | Area(m°®) Time(hr) | Area(m°®)

1,122,843 1

\ 3,861,888 \ 8,086,728
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h(Ad) 7= Elhy)(1+ V- Kz) (M) (4)

- 7] A h(Ad) = AFAIZE Aa-A1Fe] ARV 1A FEASF, Elhyle ASAZE
24~ /\]ﬂ Ao ZFe-AAIG e Harsl.

EA A7)l =AY A 4(Scaling exponent)°]™, K,= 54 A4

]7}(T o] Wl = A4 (Frequency factor)%.

veE A A FAALY dE HE A S (coefficient of variation) ZA ofzf e} o]

_ 1 9
V= Mi;Vi (5)
- 714, M AEAIZEe] F AgolH, Ve 7 AESAZE E " AT
AA7ZFE R S EHF-TFI A SAIE 24-A17F A A FAALDY] A 2 g H
TATE A & A5 o] 83t A EAIZH WE AT S FsHH, AT
b A A 49} | g = Qe

#3112, Bulando and Rosso(1996) 2
S o] &3l IDF HAE =3k A9,

oA e o]Z o]gale] ngfe] IDF A4S FEdtuaEde. oS $5o]
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T (np)E 04276, 04336, 043572 F4 4.

- 112 -



1} 7t g
oo fuE 2 AREE AR e Wy %A% 24-A g6l F1hE
% T BERSH Atle el A vhehd

FR NF 2 XHI12HE THE D2 30 0BS2H SCALES! < XH(%)

D(l:]rzzsn Seoul Busan Jeju (::Sr?g; ?::n_ Ulsan Gwijng— Inchoen
1 21.67 9.68 16.06 16.64 21.98 11.29 14.79 24.91
2 1.37 0.35 2.09 3.96 0.48 3.45 2.58 -0.63
3 -8.21 -0.65 -3.12 -1.5 -2.75 3.59 -1.15 -4.02
4 -9.32 -1.48 -3.76 -5.63 -6.62 0.06 -3.64 -5.14
5 -8.76 -1.54 -5.37 -7.49 -5.01 -3.26 -5.39 -5.12
6 -8.43 -3.64 -5.05 -7.34 -5.25 -4.92 -6.43 -5.76
7 -5.5 -3.57 -6.53 -7.19 -6.01 -5.45 -6.43 -7.92
8 -3.05 -3.61 -5.15 -5.32 -4.59 -7.07 -6.64 -7.38
9 -1.66 -3.46 —-4.48 -4.33 -4.3 -7.66 -5.22 -6.48
10 -0.16 -3.7 -3.94 -2.36 -5.19 -6.79 -4.25 -5.11
11 0.06 -1.6 -3.33 -1.9 -4.82 -6.03 -2.02 -4.75
12 0.01 -0.95 -2.15 -1.58 -4.27 -4.83 -0.86 -4.55
13 1.6 -1.98 -0.49 0.3 —4.42 -3.52 -0.14 -3.25
14 2.82 -2.08 0.07 0.99 -4.7 -2.46 0.3 -1.88
15 3.91 -1.27 0.12 -0.74 -2.9 -1.41 0.36 -0.74
16 2.78 -0.48 0.44 -0.64 -0.84 -0.6 0.29 0.76
17 1.98 -0.05 0.56 -0.42 1.14 0.73 0.75 1.98
18 2.35 0.42 1.55 0.15 3.25 2.21 1.91 3.52
19 2.98 1.21 2.89 1.23 4.31 3.22 3.46 4.27
20 3.33 2.4 3.94 2.6 5.54 4.4 4.48 5.02
21 1.28 2.93 4.34 3.77 6.16 5.63 4.28 5.85
22 0.84 3.89 4.63 5.14 7.71 6.74 3.27 7.03
23 1.39 4.91 4.34 6.74 8.37 7.4 3.75 7.66
24 0.94 5.56 5.09 8.37 7.8 8.72 4.61 7.41
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=
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Jo] X &¥ 59749 Aol whal] A&AIRE 1, 2, 3-41%F, AF7IZE 3

S

O T3 JBNUY A% ml#717+S Al 71201172040, 204172070, 207172100) 2. & v+
o] A¥E AAEEE PKNUA & 1l g dE 2040, 2070, 21001 9] &4 =7
ES AASe] FE 2 v uEd S

O ofgff v+ & A7olA RCP 85 AlYg| & 7|RFe = A4k 2040, 2070, 2100 9] A
HAIZE 1, 2, 3-A FEASEF SHES.

—

O #FaE PKNUY Scale-invariance 7]%-& A £ A] 719
7M3S AAR st AIZHEA S E st R A SAI7E

AsA W59,

RCP 8.5 AlLt2l20 CHEr DicH EHELRYE SLE (PKNU)

ENSES 2040 A 2070 2100t
NP 1-hr 2—hr 3-hr 1-hr 2—hr 3—hr 1-hr 2—hr 3-hr
2% (90) 15.8 15.8 15.8 21.4 21.4 21.4 18.1 18.1 18.1
CH&E(100) | 16.9 16.9 16.9 27.2 27.2 27.2 32.6 32.6 32.6
ZH(101) -5.0 -5.0 -5.0 -6.1 -6.1 -6.1 -4 -4 1 -4
Z=(105) 4.5 4.5 4.5 15.2 15.2 15.2 34.8 34.8 34.8
M2(108) 0.5 0.5 0.5 8.7 8.7 8.7 26.2 26.2 26.2
olM(112) 5.1 5.1 5.1 5.7 5.7 5.7 2.3 2.3 2.3
217 (114) 3.3 3.3 3.3 11.0 11.0 11.0 23.5 23.5 23.5
€2£(115) | -10.5 | -10.5 | -10.5 | -20.4 | -20.4 | -20.4 | -31.1 | =31.1 | —31.1
+2(119) 1.6 1.6 1.6 7.4 7.4 7.4 17.6 17.6 17.6
EF(127) -0.5 -0.5 -0.5 -3.1 -3.1 -3.1 -7.5 -7.5 -7.5
MAH129) 11.6 11.6 11.6 13.6 13.6 13.6 8.2 8.2 8.2
27%1(130) -11.9 | =119 | -11.9 | -15.7 | -15.7 | -15.7 | -13.3 | -13.3 | -13.3
HF(131) -2.0 -2.0 -2.0 1.2 1.2 1.2 8.8 8.8 8.8
CHZ(133) 6.6 6.6 6.6 8.2 8.2 8.2 5.7 5.7 5.7
FZ4(135) 5.1 5.1 5.1 10.9 10.9 10.9 18.2 18.2 18.2
= 2H(138) -3.9 -3.9 -39 | -17.3 | -17.3 | -17.3 | -39.5 | -39.5 | -39.5
T2H140) 8.7 8.7 8.7 17.0 17.0 17.0 26.0 26.0 26.0
CH+(143) -1.2 -1.2 -1.2 0.7 0.7 0.7 5.2 5.2 5.2
M Z(146) 2.2 2.2 2.2 7.5 7.5 7.5 16.4 16.4 16.4
24H152) -4.9 -4.9 -4.9 -2.4 -2.4 -2.4 7.1 7.1 7.1
243 (156) 4.6 4.6 4.6 9.8 9.8 9.8 16.1 16.1 16.1
FLH159) 7.6 7.6 7.6 25.6 25.6 25.6 57.3 57.3 57.3
£d(162) 3.5 3.5 3.5 7.5 7.5 7.5 12.8 12.8 12.8
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RCP 8.5 AILI2I0] CHEH DlcH SE2AR2 S22 Z(PKNU) (HI=)

ol e 2040 20704 21004

x| A2t 1=hr 2-hr 3-hr 1=hr 2-hr 3—hr 1-hr 2-hr 3-hr
=2 3%(165) -4 1 -4 .1 -4 1 -3.2 -3.2 -3.2 1.8 1.8 1.8
0{%=(168) 7.6 7.6 7.6 13.0 13.0 13.0 17.1 17.1 17.1
2FE(170) 9.9 9.9 9.9 14.9 14.9 14.9 16.0 16.0 16.0
X Z=(184) 11.1 11.1 11.1 13.4 13.4 13.4 9.1 9.1 9.1
A 4H(188) 6.2 6.2 6.2 8.2 8.2 8.2 6.8 6.8 6.8
M Z(189) | 19.3 19.3 19.3 26.9 26.9 26.9 24.6 24.6 24.6
ZZF(192) 4.5 4.5 4.5 11.4 1.4 1.4 21.5 21.5 21.5
23H201) 9.1 9.1 9.1 21.8 21.8 21.8 40.3 40.3 40.3
24 (202) 7.2 7.2 7.2 14.4 14 .4 14 .4 22.8 22.8 22.8
0| & (203) -0.7 -0.7 -0.7 -1.4 —1.4 -1.4 -2.0 -2.0 -2.0
g (212) 8.9 8.9 8.9 15.3 15.3 15.3 20.2 20.2 20.2
M (221) -15.5 | -15.5 | -15.,5 | -18.0 | -18.0 | -18.0 | -11.9 | -11.9 | —-11.9
H2(226) 20.1 20.1 20.1 32.0 32.0 32.0 37.8 37.8 37.8
X ok(232) 4.9 4.9 4.9 6.2 6.2 6.2 5.0 5.0 5.0
H2(235) 1.7 1.7 1.7 7.2 7.2 7.2 16.7 16.7 16.7
£0{(236) -14.3 | -14.3 | -14.3 | =145 | =145 | -14.5 | -4.3 -4.3 -4.3
=4H238) 4.8 4.8 4.8 4.9 4.9 4.9 1.2 1.2 1.2
Hok(243) -3.5 -3.5 -3.5 -4.5 -4.5 -4.5 -3.8 -3.8 -3.8
ol Al(244) 0.2 0.2 0.2 5.9 5.9 5.9 17.3 17.3 17.3
X 2(245) -1.6 -1.6 -1.6 -2.8 -2.8 -2.8 -4.0 -4.0 -4.0
=21 (247) -2.4 -2.4 -2.4 2.3 2.3 2.3 13.3 13.3 13.3
Z+5(260) 9.9 9.9 9.9 15.8 15.8 15.8 18.7 18.7 18.7
3l =H261) -2.2 -2.2 -2.2 -2.4 —2.4 -2.4 -1.3 -1.3 -1.3
15(262) 2.2 2.2 2.2 12.0 12.0 12.0 31.1 31.1 31.1
A F(272) -3.8 -3.8 -3.8 -7.0 -7.0 -7.0 | -10.2 | -10.2 | -10.2
224 (273) -8.1 -8.1 -8.1 -7.1 -7.1 -7 1.1 1.1 1.1
¥ (277) 1.5 1.5 1.5 -2.9 -2.9 -29 | -18.2 | -13.2 | -13.2
o| M (278) 2.9 2.9 2.9 -0.6 -0.6 -0.6 -8.9 -8.9 -8.9
To{(279) -0.7 -0.7 -0.7 -0.4 -0.4 -0.4 0.7 0.7 0.7
A (281) -8.1 -8.1 -8.1 -7.2 -7.2 -7.2 0.9 0.9 0.9
7{ZH(284) -1.9 -1.9 -1.9 0.8 0.8 0.8 7.4 7.4 7.4
2 (285) -0.8 -0.8 -0.8 4.9 4.9 4.9 17.1 17.1 17.1
2 2+(288) 5.6 5.6 5.6 13.6 13.6 13.6 25.0 25.0 25.0
444 (289) -3.2 -3.2 -3.2 -2.6 -2.6 -2.6 0.9 0.9 0.9
7 H|(294) 4.3 4.3 4.3 12.1 12.1 12.1 24.6 24.6 24.6
=l (295) 13.5 13.5 13.5 16.7 16.7 16.7 11.1 11.1 11.1

O ol#} = JBNUCIA RCP 85 Al Ug| 2 7|vro = AAsk 2040, 2070, 21008 2] =
7.

A7 1, 2, 3-AIZE FE
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RCP 8.5 AlLI2I20 CHEF Ol EELRE S22 E(JBNU)

ojefH = 2040 H 20704 2100

x| &A1 24 1-hr 2-hr 3-hr 1-hr 2-hr 3-hr 1-hr 2-hr 3-hr
% %(90) 6.19 6.68 8.03 4.74 3.90 17.76 2.43 2.97 35.35
CH2t2 (100) 19.37 13.22 15.31 44 12 32.55 38.87 69.71 50.08 58.68
ZX(101) 2.74 -0.17 1.54 -5.21 -8.35 | -14.19 | -5.26 -9.41 -12.71
Z5(105) -0.44 -2.48 -2.36 9.85 5.64 4.25 8.53 8.35 9.39
M2(108) 4.61 6.51 7.72 -1.69 -2.29 -2.91 8.06 11.38 12.58
elM(112) 6.85 11.74 8.21 9.55 14.86 9.53 11.86 18.79 11.82
HAF(114) 1.54 0.79 1.98 1.18 1.68 2.84 -3.25 -2.84 -3.97
2E%(115) 7.42 11.89 11.66 5.93 10.20 10.47 7.81 14.55 14.61
=2(119) 4.37 8.04 10.52 -2.10 -1.43 -2.20 8.44 11.20 14.68
=3F(127) 8.02 9.16 8.51 3.16 6.49 4.73 2.75 4.20 2.31
MAH129) 5.48 4.38 8.44 2.93 2.29 5.01 2.95 412 6.52
271(130) 1.55 0.42 -8.04 2.28 1.51 -8.71 2.49 2.48 -11.83
H3(131) 412 3.10 3.26 2.09 -0.18 0.05 6.30 8.85 11.88
CHA (133) 5.24 5.05 10.01 7.95 6.26 11.93 8.26 6.35 15.22
FEH(135) 1.73 10.93 16.40 2.61 8.19 8.92 0.92 0.37 -0.24
Z35H138) -3.06 -6.80 -6.69 -4.26 -8.12 -8.07 -4.54 -7.36 -8.67
TAH(140) 12.75 8.02 10.39 6.87 2.93 3.47 5.79 4.93 5.62
CH7(143) 16.48 17.99 20.56 13.17 12.65 14.60 20.39 22.57 24.48
MF(146) -0.09 17.80 18.62 -0.35 -0.75 -4.183 1.86 15.69 13.72
24H152) 5.41 5.41 6.05 3.14 2.76 2.76 3.73 3.58 1.10
Z43(156) 11.02 12.04 45.80 4.75 5.31 7.16 12.61 15.12 16.90
£ 4H159) 0.44 -2.72 -0.51 1.75 -1.91 1.63 8.98 10.43 9.69
£29(162) 3.18 7.46 6.28 4.69 3.02 3.03 6.43 9.29 8.58
=3*E(165) 18.37 23.38 42 .39 24.73 27.57 56.88 16.34 19.96 35.44
01=(168) 2.73 2.62 3.83 3.91 1.99 3.14 12.57 4.82 6.71
2t=(170) 1.37 0.47 2.37 2.71 3.58 7.22 1.50 1.78 2.70
XM Z=(184) -2.39 -0.15 0.10 -8.46 -3.16 -4.19 0.46 3.13 414
M AH188) 2.43 1.37 2.00 1.67 1.15 1.47 13.86 45.69 47.89
M Z(189) 4.91 29.35 32.53 1.64 4.06 3.97 12.11 101.07 | 107.80
Zl==(192) 0.40 22.89 35.41 -1.14 10.69 16.77 0.61 34.47 57.68
2Z5H201) -0.47 0.22 1.36 -1.18 -2.25 0.12 18.25 23.91 27.94
2FH (202) 26.55 37.44 42 .96 8.82 10.29 15.53 50.50 65.69 79.63
0| & (203) 4.02 4.26 3.35 -0.58 -2.11 -3.83 2.29 2.00 1.50
=HM(212) 7.30 8.60 9.67 -6.61 -8.22 -8.69 1.24 1.62 0.66
M & (221) 4.81 6.37 7.82 -3.60 -6.88 | —10.71 7.03 12.28 20.00
H2(226) -2.10 -0.42 -0.94 1.17 3.11 1.71 1.03 2.12 0.28
xok232) 8.66 9.57 11.85 1.11 1.17 0.61 11.36 14.84 18.00
HZH(235) 2.183 10.59 13.39 0.21 8.37 10.22 1.01 14.57 17.73
F04(236) 18.24 24.75 23.14 9.25 14.23 13.53 7.67 18.64 16.57
=4H238) 2.52 3.28 2.90 3.20 2.50 3.26 3.01 2.08 3.07
M Z(189) 4.91 29.35 32.53 1.64 4.06 3.97 12.11 101.07 | 107.80
Z==(192) 0.40 22.89 35.41 -1.14 10.69 16.77 0.61 34.47 57.68
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RCP 8.5 AlLtel20 CHEH Dlch 82 SZS(JBNU)

2040 4 2070 21004

1-hr 2-hr 3-hr 1-hr 2-hr 3-hr 1=hr 2—hr 3—hr

N
—
fol
--—
N

0

—-0.47 0.22 1.36 -1.18 | -2.25 0.12 18.25 | 23.91 27.94

]
™

N
o
N

0

26.55 | 37.44 | 42.96 8.82 10.29 | 15.53 | 50.50 | 65.69 | 79.63

=]
)
o
®

4.02 4.26 3.35 -0.58 | -2.11 -3.83 2.29 2.00 1.50

[\
—

Ofol

7.30 8.60 9.67 —6.61 -8.22 | —-8.69 1.24 1.62 0.66

=
=

N
N

4.81 6.37 7.82 -3.60 | -6.88 | -10.71 7.03 12.28 | 20.00

N
N
D

-2.10 | -0.42 | -0.94 1.17 3.11 1.71 1.03 212 0.28

N
w
N

8.66 9.57 11.85 1.11 1.17 0.61 11.36 | 14.84 | 18.00

O[T [ r|o |2t |2t |2t | okl

N
w
@2

2.13 10.59 | 13.39 0.21 8.37 10.22 1.01 14.57 | 17.73

(@]
I
\o}
w
(*))

18.24 | 24.75 | 23.14 9.25 14.23 | 13.53 7.67 18.64 | 16.57

N
w
og]

2.52 3.28 2.90 3.20 2.50 3.26 3.01 2.08 3.07

N
S
w

9.33 12.20 | 27.36 2.33 0.82 1.14 8.07 8.43 15.64

N
~
N

1.29 6.99 8.90 4.88 15.62 | 18.71 5.30 23.35 | 25.44

200 |4r| o [ 4T | KT | > | KT

N
S
2

15.98 9.38 14.49 2.14 1.99 1.45 10.89 7.60 11.74

A

N
N
~

1.78 0.73 16.65 0.50 0.72 7.62 2.51 2.95 11.84

0 |oC |0

—

N
(@]
o

13.24 | 34.39 | 45.82 717 20.68 | 29.70 3.89 55.84 | 81.97

=
N
(0]
—_

ol

18.37 | 26.12 | 27.28 | 28.46 | 46.09 | 51.85 | 26.48 | 40.24 | 44.26

N
(o))
N

10.53 9.34 22.68 0.72 5.88 0.92 19.05 | 10.59 | 48.08

N
Ry
N

6.60 11.40 | 15.75 5.43 35.15 | 24.15 4.94 23.07 | 16.88

N
Ry
w

0.74 -2.18 1.93 6.36 15.85 | 14.30 2.60 8.34 5.22

02 |Ho| o2 | K

N
Ry
~

0.34 1218 | 16.10 4.26 5.19 6.06 4.60 32.31 39.22

lo
N
~
©

2.20 1.87 1.74 —-2.04 | -2.48 | -3.59 | -0.05 | -1.58 | —2.99

-
N
~
©

6.69 42.28 | 22.93 0.07 0.65 0.64 1.87 4.38 2.39

o
il
N

o
—

0

1.34 1.89 2.29 0.71 3.08 2.91 0.36 2.52 0.96

N
N
(0]
~

28.17 | 3298 | 31.63 | 12.93 | 16.09 | 15.40 | 20.64 | 23.81 23.07

rt oz | 2|0 | 1% | ox | %] ofok | OT | ofok | o | mo | m> | ro | >

ol
o
N
0]

[¢]
hd

N
[ee]

r(ne|o
030
N

[e¢]

(<]

X
)
N
©

—_ |~~~ ~~ ~~~|~~ ~| ~| ~|~|~|~| ~| N~~~ A~~~ ~| ~| ~|~

N

N BN B BNl BN BN BN N Nl BN Rl N N BN Bl BN BN NG i BNl Bl BN BNl Bl BN BN BN N BN

=

5 5.37 | 26.04 | 6.47 | 1.75 | 13.67 | 3.35 | 3.72 | 41.46 | 1.20
8) | -0.10 | -1.80 | -1.69 | -7.05 | -13.58 | -14.08 | 19.47 | 31.38 | 31.49

40.92 | 59.07 | 45.97 | 5.17 | 12.96 | 11.16 | 23.64 | 32.52 | 23.97
4 152 | 233 | 562 | 162 | 273 | 418 | 511 | 8.92 | 11.01
5 | 53.19 | 59.25 | 62.55 | 68.55 | 75.63 | 80.55 | 71.01 | 81.88 | 87.71
FouaE S PEde Ee &A1 2 3-ARF FEGSF e e HdEs

- 127 -



60

40

(b) JBNU

20
Station number

-50
0

60
AlZH 1,2,3-Al

e
-/

40
(a) PKNU
OlcfE & & X

20
Station number

o) =
= P
S _
.m
g 2
N
| S
3 =2
N =
| 2
N <
3
_ —_—
o o o
o n
e
(%)abueys jo ajey
B W
N =
<
o .V
5 =
i =
0
< m
o
N
_ —
P s o
o Te]
e

(%)abueys jo ajey

o2 UE.

=

X
=

1

A YdEtv= AS 2

o

A7k v &

1o

1

-

1l 2070

[

om 2040 tiH] 21001 ¢ S3HE 9

A

o]

P

2
O JBNU ZA=}e] 79 20401 H]

on
o%

El

—_
o

l
¢

9lom, o] st W JBNUS 4% A% Ageld Jrjgoz &

al

O w3, PKNUS| 7§ JBNUS vlitste] o2 Aol A grjfoz 2
o

on
%

M

— 128 —



il
o olo|lo|m|L|—|m|n
5 ) (o)} y|©| o || O
o|wn|w| o olNO
(o}
o
o
A |
=3 bt PR NI AR
0..1301241410
wiNw|lo|lT 2|~ |SIZ
Ru.o [
oV}
o
(®)
oc
il
- 4|9 |N|[Cw|—|m
Llalol|a|®vlo|o|e|w|o| 2
N
(DD IDIDIDIDDDD D1 D
Z|lz|Z2zZz|Z2|zZ2\z|Z2=z|Z2|Z
Y MI¥X MY MXYX N XYX Mn[X m
[ e T 10 R e T 0 TR e T 0 R e 0 R e O 0 T
of|n
o<
) CIa
Mw ® AoA_l__OAT
—_— T | e— I
Mkl el < T |on~n|o ™
H0 __Au__w__ 2 i %.@%@
SKIK
+ |

2040 I5-E 2070

KeR
L

O Ther

]

[ 10 o8t
I -10--5
i s--
— FF
oo
-5
-
-

o

15

-

s o

(b) JBNU

(a) PKNU

E

=y
[

on
R

¢

oV

0
o

o

O PKNUY

- 129 -



O w3 2353 A ==239 74

2 AT AHe v FEAFHF AH S 93 Scale-Invariance 7| HS o] & &

[e] o —
& RCPIDF = *
og
AR OE
Station Name Sa s Future Year 2020 = oy
(2020y=ar - 21 00y=ar)
Climate Change Scenarios RLCP Scenarios Retum Period (Year) 10 ~ =gaa
(@) RCP26 () RCP4S {10year - 200year / 10year 213}
") RCPED () AcPEs
L SIMULATE
CLEAR SAVE
Present & Future IDF curve (95% confidence interval)
200
{rrenvhr)
| 1hr 2hr 3he | shr shr &hr he |
150 Presant
5 Futurs |
g Upper imit
E 100 Lawer limg
b < >
:
% <107 POF of 12-hr duration
T 1.5 Bresentimmihr)
1 Futura{mmvhr)
o 0.5
] 5 10 15 20 25 Upper Smit{mmnr)
0. .
Duratian (hr) 1 220 25 3 35
Lower imiimmns)
Present Future 85% Presant Futurs Ipar -
IDF curve IDF curve confidence-interval Sk lowe
@station Name . B2 60 NAUBIGL AIE F 42 @Cimate Change Scenarios | RCP 4218 AlLIZI 2 § H9
®@Future Year - 202043 56 210044 A1DI2) EM"F'E T U @Return Period - 1008 THAD] 1041 FE 200142 MR & 4R

SMULATE : J!!.‘J RE MURIZ DI, A2 NsAe 25292 29
CLEAR: B & &
SAVE - S8 KIE ALt22, HE oz DAEEE NS 3T HEcisavey)

Ol &#&822E &8 218 =)|3tH

Matlab GUI T2 189S 7|¥to g g 1w I
Zr o] AxEo]dA Folke AT F A%
2RI 34 AR Avg e, veds, Af7ibe AdEste] sid 2ol o
3 A A7 1-A|7Foll A 24-A 7H7kA] A FEE 20 - 80 %< n# FEFS TS A

i3
.

B oAFo A Argd 6070 714 T2 7ABSH A e 2ovt sheet e Azt
Hlom 7z AAEZ v 20200 58 21008 7HA], AF 71 7F 109 5E] 200 7HA) 9

¥ Agel b

- ‘Station Name'ol| A < o} AHE A

- ‘Climate Change Scenarios’ @4 RCP Aly# e F sty= Ad

- ‘Future Year' oA &4 mgidx(2020 - 21000)2 A& == 9«
A&

- Return Period(Year)' ol A &7 A& 717H10 - 2008, 108 7H24)& A8 == 9
- SIMULATE' & o] &3t deid A, Alvele, vaids, Ad7|zkel g vje <
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845 FL A
ANE ALE A5 G Eool APP_AVe e @7 FAPow A v
HE F1 - 24 Azl BERSFo] A4H

A4 4

w2l =(2020 - 2100 d)ell of
% =
ek

Station Name MNE ~ Future Year 2070 ~ 2070
(2020yzar - 2100yaar)

Climate Change Scenarios RCP Scenarios Return Period (Year) 50 ~ 50
() RCP28 (CJRCP4S (10year - 200year / 10year 212}
RCPB.0 ®) RCPBS
o @ SIMULATE
. ) CLEAR SAVE
Present & Future IDF curve (95% confidence interval)
200 T T T T
(mm/hry
1hr 2hr 3hr dhr shr &hr 7hr
150 1 Present 98.1207 B5.8162 521056 44.1474 38.8217 24.9508 31.9807
Future 1057927 70.9623 S6.1797 47.5993 41.8571 376835 344812

Upper fimit 1268926 B5.1155 673845 570927 502053 451994 413583
Lower limit §5.5051 57.3541 454062 38.4713 338303 304570 27.8688
< >

Intensity (mm/hr)
g

167 PDF of 12-hr duration
1.5 Present(mmihr)

' 234438

: = = s Future{mm/hr}
: T Lower Upper
0 L L L I 0.5 I | 252769
a & 10 15 20 25 : ‘ Upper limit{mmihr)

i 0 30.3133
Duration (hr) 15 20 o5 a0 a5
Lower Imit(mmihr)
Present Fulure 95% et _ = Fuw___ lope 20.4296
IDF curve IDF curve confidence-interval ST 20 S aan Lowmer
@Station Name - H= 8000 | M2t24 R E = Med @Climate Change Scenarios : RCP 4J1R] MLIZIZ = H&

@Future Year - 20203 26 2100841012 DIABEE & 5 @Return Period - 1013 24H212] 109 RE 20092 ME2 (2 & 4

IEARUT 29|
CLEAR: B& &

SMULATE : MEHE RIE ALRIZ, DIASE S, WS RS E S
SAVE: WEE R, ALIZIZ HEDT IHEEE RSANE #8222 HE(CSave))
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x| ojef IDF SMS MAE
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C-1 A95AS e T a3 ogA2A AgE A
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SIAMZEDIY et EOPIE

Of Ct&e M AtEots SAMZ2E IS

Making : CH & A2 Y 2
MCD Analysis : YOo{H AFKE0| F=E ALS
Aid : TANAH AFKE0| T2 ALS

OIAFZAEDIY - Oetel JH=2 SHU Cities Y
Multiple Objective Decision Making)t Ct&4
Decision Making)22 ?&

of 4 SJAIEEMADM) ~
* Muti-Attribute DM '

ol el Ch=A 2/ AIZ 3 (MODM:
Ol A2 A (MADM: Multiple Attribute

-~ FE 2 (Scoring Method)

H7|=8
CHors =X

7t

v fwet7lel et > . ZEPL . IFEXxEH
o eMedl dEE " T mE
Out Rangking Method
2 oIAE B MODM)) » ELECTRE, PROMETHEE
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