+A|-15-04

7= Siglxe "®o7|1 2=
ol XEHE SHR0)| 2SS

~
On the Development
of the Methodological Framework
for Drought Risk Assessment

Oleh

ro

FEATY
KRIHS




e YEE WPl 75
o UM FR0| B3 A7

On the Development of the Methodological Framework
for Drought Risk Assessment

02

2EA7Y () KRIHS



9
FEQFY HIAATHIY

e

A =AY 9979
4 FEATY AT
oA FEATY HJATY

3=
A%
Bl



FINDINGS

= AFEIMO| 29 LHE

Fgele S4e o] QASIEL el T ZAA L4 A
250] Z7hee Aol 49 R o] Aol ol Solws SR
o] wabHe) ZMEAATA velo] Ha

7k2 A1 A skl e A 2t S401E Shsk, SlErlE
2912 EHHOE APl A7
A9 S A% Bt 9

aAel FEAAYY 24 9o BADRA, G, AUSo] EAo

|
o
d
=
I
QL
A
3
ok
i)
1=
o2
=
O
ML
ot
o

2 FETIAMO| Zaz|ot

@ (3 FEo] A7 7HE AR Bk AA) AT R WY A B o]
FFo] 2 MPRTEE MO Tjo}

@ (N9WETF 71E AU L AT WA F) 9= W 7142
249} 197 7A] 1R300 B AR nhisk R ol
AR} A A AR 2

© (12 TSI 43S AT B 5) WA 7HE Wah BT 2|
FRIS P A0 AN W o) Tkl e ZARE AL
B3-o122A 5 2% ATAe] el Ao s

® UFE 918 W 9 72) 718 99T W 14 FU8S 59

Sz 2§ 4 =% 511, oS 917 R&D F4 S

]

%

iii






CONTENTS

ZQ AR W AZAOE oot i
H1Z ALY T Q B ER cveereeeeirnistsiss s 1
1. GATLO] HJ T oveerererermnnsisisistt s 3
2. GITLO] TR certeritiete e 5
3 C{ﬂ_:,LQJ %q_ﬂzq g_l z,\_—égag—l]ﬂj ................................................................... 5
4. ATPAT HA AT oottt 7
H2Z& 712 QS0 CHSH 7HE D HIEHEHH| JLE ceeeeereeerrrenesesnssenens 15
1. ZHEO] AJO] rreerrruermteistiisitisi et 17
2. AAAGPZHOA THEO] EA] wrrrerrrrereressisssinetiiseisisisisieaes 19
3, TFR GBI cerrerererere e 21
4. 72 QI I} HPHEI A coreeeereereeerersnenisisisn 28
H3Z 712 QTE I} T[EH coeerrreerres e 31
1. AISIEA] TTFHA] ceeererrererseenseneietsiei s 33
2. LZEEA TIPIA] vttt 40
3_ _7"40_}:/(61 %7].1:/]_-7;” ............................................................................... 4)
4‘ —‘H@E /d-;g]%y;ﬂ ............................................................................... 44
HAZE ASITL 2L ZAT} ovvreereereerrerrssinesetests e 45
1. ARG THAFA] 7] A} ettt 47

2. XHB—HJ_E‘/\(-)] 3‘%7]. 7‘5:‘1} .......................................................................... 52



3. LEEA T7} AT e 60
4, _7}40_}:/(6] ﬁéy]. 75_’]11_ .............................................................................. 62
5. QRIS AEA] AT} ceseersirssssssssasssssssinssssssssisssssisssssssissssssssssssasssssess 63
6. HFHEALO] © QA ZIE orrerrrerreessemessssesssse s ssssesseses 66
MDA ZAE et 69
1 1371,1—4. /\]/\].zd ................................................................................... 71
0. Z2T QI Tl st 76
;‘é}-_]—lvt_!_@_ ..................................................................................................... 79
SUMMARY #evesetssessesensensessnsnsessessesssssesstsansssosssssesosssssssosssssssssssanesssssoss 85
2= 1, 7}%@_}-@4 ;ﬂﬂ-oﬂ %]—%7]_%5_} 1] N 87
HE 2 712 L A T ATPATL  coeeereseneiiis 89
B2 3 718 AL A7Fe] ZA|ZFF T XL e 99
l?j_] 4, A]'Eﬂﬁ:rL EH/B]'Z] T‘ﬂ_;g'}_/\]- /\].;87\].@ ......................................... 109
225 A5A U §HTEAN Vel B 9IFE ALT B 116
HE g ZFBHIEEA AT} s 119

vi



A1
a170| 7

ODI 21







1. 99| HiF

0 OIS THAE 9ot CHOHY HIHOR BT AUTHY 2=

o YU SAHe AR SR FAAo] AstlT 420} T
% & BeilAdo] Sotell tiehd Aol 8+ (Gleick, 2003;
Pahl-Wostl, 2007; Lee?} Park, 2010)

o High—Level Meeting on National Drought Policy (WMO<%} UNCCD,
2012) 5 7123 2A4|3] oA 71ERokE QA T £l R
AR USSR B sl Sl S s

A2 7 e Y B AT 3t o= oF AR A

= oBel O THEPAS Heteln, BT 4ol DRE 1

Zql3} AABE| Hhe o

AR, 84, 71e3 e Al siastes ke ou

ook

l
nEE
o
4
%0,
H-[
m
o
OH
=
-0,
N
N
rﬁ
_,é
el
iy

O 7+5=0F AHAS le +EH=|0{0F & M| 7H2] #F (UNDP, 2011)

o Adl= A= B7E=A 7he A 2R w52 o e 3
sl A= & A= FAHEE FHs= A

o FAh= 9fRTe] ARk HeRt AHE A E
+87Fsd= B7lstke A

o A= HIQIAER]Y (mainstreaming), 2, AR AAA|2] 245 A€
o] S H3o] AdHe A= A

o o] BE FES I el et PR $HH 0= SuEofop

lt

41

I

T

Ol

&

Ees

r
¢

2

N aqe He ¥ 25 3

= —J7



O AHZATHAM ALl QIR HHO| 242

o AT A AMg = AR HE FAErFETe] shaAel 285 Ho,
AAAAR}, TFLE FEEes), A%

o1 &2"0 O oo T & =21 6,

A A Lo et se AT 4 glofok §

E
AN
=
ol
2
]
S
:?g,
O

T
N
i
=

o UNISDR (2011a), IHP (2012), ICHARM (2013), Sawano®} Lee (2014)
SO EAG T A =o0lES & |, ofeldAR e vt B2 ARS

71—h VAl Hog E}E}H

e W2 Y S

Ho

0 7t=E0F MUtiS 2Ist
o At 10011 F<t UNAF9] oJyME|E (32 2=, UNISDRE| Global
Platform for Disaster Risk Reduction)2} &7 o8] AL dH= (A=A,
BCPR, 2004; Dilley 2], 2005; ICHARM, 2013)0] ZZ1&o] @11 gl&
- o] AFE2 EAclol tigt 1= JidS HHstlem, ol8rhast

2tz et magol sl WiotA HE
- 53, Aol SelA] SEofe] A9 T HHE e Ak
ALSIFIOH el tiet TARRA AE =l Aol AHAIA Helis
A = e AT 7FsAdol AR (24, Okazumi £, 2014;

Lee 2], 2015a)

o 7Fg9] SRlkol tielii= AMHAIGEC] B7t e At s oFA]
TEAER ATE 97 ZFlom, 5, Afthidolels ARl SgE]y
o= oXs] fIFE AFHO] HE=o] EFEoity oA U
(UN-Water, 2012; UNISDR, 2011b)

—}

I
fufok

0

i
z
ra
4

4 712 oRE WpIH 7= U A



2. 70| 2

O
n>
40
b

—_

2 HATHAoAe] EES 123t 7t = Bt YHE HAl

o 3 AT AR TN olsiEARSe] 2 B ARES st
L AR, el ] 71 aRRe 25 4 de JFE W7}
e AR ¢

o FA, (AZ ©°f Hisl) 7Hee= <Iet msi HTete] == AlF
o A, (E& @ Hsh) 7Ha7 5= 7L AF7Fs7t fde BE Als

o A, (3% @l thel) 54 7% 2SN W A B SlErt

o YA (AR @ tish) 2AFAIY9] 714281 (underlying risk factors)o]]

Hiat olaj A Aofe] B AT Ado] RS %

QO (H2%) 7h2 SISOl CfEt i 3 WHENA 73
0 7120] FEPTEL B B A7 AFEE Fa pde A5
- 71=el Aot 57
- 712 9= A

o BT AREe WS 1% AP WIS 97 AA PA2AA FY

0 (H3Y) 7t= fid= B2t 718
o AsHEA B
- 54 7h 23004 Eol87s 24 1 Al
o LEFEA B7IEH

- 54 7k 20 2R 99 24 U A

WY @70 e Y =2y 5



o Fery WA
- RESY-FYN BAY 252 59 7R FP B P A
o SR R
A= AT 7%

O (H4d) M HE 2

o ARIAT WA 7)2EA}
- el f84e 43H0R AEsh 98 ARAT oA A7
- SIEE WIS Sle AT A 122 S

A4 37t 2
- AT A Bol8Rs Y

o

i,
i)
W,
o
i

e}

o =EE5Y W} 27
- AT A BRE 9T B AT L 4

Hepy W7t At
- ADT A wBEY-F

©)

CEIRE

- ARIAT A I A
- Y A= AT A 2 4=

o}

ool

7} HPH O] Ao

juy
o)
rE
r
1o
o
1=
R
1o

o AR} AR, ARA W
v Astele] et

I
fufok
0

6 JiS o= WK 72 Y BN



O Ml ZE He
o 7ta gk Brket ¥HH A= A F 7HA] RoollA £3EL Qe
o AR 7]19HSIA-S (climate change adaptation) @ |23} (global

environment change) FoF ¥+

- 909 S3HF o] Alglet E= e|vbelz i A AFEoF

- AFAEZ R AF02A49 7hg 12 SV 842 A €]
=4 A AR e ) A os s 7hee] Y AHst
7] S1%t A& A

o =4, AAM T (natural hazard management) HoFe] A
- 2047 B4 ol Adtial EE 4TS RO T @}
- ATAES TA Tt Al iRt Y= 7] ol2A TS st

1 9L
- 20059 VA A olF AEA TRl ke WS A}
C A9 el ASIA S Al At g

o Global Water System Partnership (Sullivan £], 2006)2] 7Fa-20F 2|3 AF4H
o Asia—Pacific Water Forum (ADBAPWF, 2013)2] 7Ha-oF #|3& A
o =HPerere (2010)9] 7FEoF A& 4HYH

o ZEAZY (ASH] 9], 2011; ZEATLY, 2012)9] 7F2Eol 2| E A

d
d

d

1% w7l He U



2)

= Ydes Aol A, ks S0, LE%E, A,
SURAg L L *117]_0} Z]—E_ S o} E%i}

o 7haBE AT SAk= 2 FER] G (Hinkel, 20115 Engle, 20113
Cha ¢, 2012)
- o] FxalEx] s nele] ZghE ApRo] Mol £Qwrt B Azt
o] F] o
- AFA o AAE TR EH ofurt BEs) A ofshiEite]
ntefstr]

BARE
- AEY o] B, ol ASolA DSl eIt At wrtE
SAAZIE o] ofelgol 55 A

AASE ok ARAT 24

o UNDP Disaster Risk Index (BCPR, 2004)¢] 7Fa-2oF Y18% 37} 7|
o AlALE (Dilley £}, 2005)2] 7He-EoF 9 7} 7|
o UNEP/GRID PREVIEW®] 7Fa-&oF 91@% H7t 7|5

o Shahid®} Behrawan (2008), Shiau}t Hsiao (2012), Zhang £] (2014) 5]
SteToA AAE 7HE 9P H7t 71

1) AiAeEe] Hopol AAATEL 1 Aol PaAo] ok, 7 Bao] gt Axe] 74

8

v (5 20 A

tE SRR FPIY A5 A 3 230 ot 3



o UNDP, A, 353} o), a1 35 S0 71uale] A0 ojg
A0z, 53] IANZNTE AIEATA BAG ARALe] BEHE
A2 49t st de] Waw AdAPEEs AAE e
- A B SRR 7VFUEY Aze] AT SIS T

T2 24
- eEEY B NS B RS A7, FA, A 59 A5
]3] %J—‘%ﬁﬁ AT Aol AT AAES TGS B

AR A 7122 mdE g Rt st 2k e 57
Ars) 4249 theas 241

A wBERT ok tjelEas el A v 42 A
0 BN Folk] Fatop] teA 2 WAE SEIESE B2 dded

oluf AAIA mafe] Il 52 H-4s] HIIe (Okazumi ], 2014)

o SIA[Rt oJ75] 7HE<] Lol iRt thR-RO] AlHAIY S0 oFA] REEAR R
Aitg 97 Z3om, 53], Agtidoleks ARl gLl ofxs] A&
o] A5do] 25wt Zo® d#fA Sl (UNISDR, 2011b)

- o}, S=H 02 sideliof & dEo] Wol ot glom, Ed] 7hE SRk
FEAA OE AdAs] Boh oS B2 ARRIANE (37 UEA,
=58, FFAAR0 S5t 1x, FEEEA 5)S IEelof itk Hol

L= (UN-Water, 2012)

|
P2
o, 1S
o
M
Jt

1o
5 o

|
il
ool
H—]

d
d

d

Ay e e %



3) 2 479 Adx: W7 ¥HE AT B

- 71% S pRiE 945S dAHoR Tl AeE 30 ke e
sk dol AEE 2 4 ol A48 ABs 98
R5A30) ZAV, Ae] Bel A B5 508 olsh AREe Az
oppagels A BAoleh B W%
o AdRjalEe] ok HAAT (& 1-1>9 [2)
A A rqwz} TVgeRe o) 2e Bz ARAe 24 ks

(B 1-1) dAA0| M S20f| Ciet EE7tsd

71SE0F M| SHS 93t BB
U2 G0l i | M2 o oE | 22 oo i
7H5 7t54 75
7RSS/ A et ko =7} tho
Bof APAT [1] o o o
AAfsE] Bok AYAT 2] %7 32 s

[Note]

- AR O AT 7ol 9ol Ado] HAE 4 %1% 7;1?_7]'?

- AR @ ol Aol 7Hg Aol HFH %

- A7 O & Aol FHES ﬁJ}—-—i ——é_—fél T A AR

= [1]of] 22&= A8PA+E: Sullivan 2] (2006), ADBAPWE (2013), =5e7g sk (2010), 4-%-H)
] (2011), ZFEATY (2012) 5
— [2]]] 23t AP+ BCPR (2004), Diley 9] (2005), UNEP/GRID PREVIEW, Shahid®}
Behrawan (2008), Shiau®} Hsiao (2012), Zhang ] (2014) 5

10 712 98ic WPy 72 2 Huy

gk

0

i
z
ra
-4



sff 2851

O

| 9

=
=

T
=

ol AAE AR 7]
5t olaA
woo} ¢

i st =w Al

[}

Fo

ar

o

7

o
—

5

7} Slol ol

1

7} o] 7HE 1
=

|
AE7FsT AEE A

[e)

=
0| &%

of o

Ho

I.

L|
[
&5

il o

3|
[9)

ZH

f

H 2

o}t

11—

LER R
- Ex71ojo] 7Kg0 Ade] ol2A] B 4 Sk

a1y
AS

o

AZ O
=

i

7

9l AKX AZo] IQ (IHP, 2012)

(714 A7 =8) 7Hee = <l

- = A

=13

o ZhEoF A
=2

(i) “H2 7+=0 2
(6]

ol oom N
RN

o
™o
T A B
I
S

Ko mo
mmﬁuoge
Do mp
10,__.n_um0un__/n
ﬂox_n%ﬂ
ﬁﬂ#@
xmﬂﬂaa
E]ﬂ_m.‘_m_.a
SO -2
oF 1__/|,~_.WE
L e
o N
oo 3w
N Hoo oM
z_o_ pin
w o X
a AN
Eﬂywam

110
mmauﬂmﬂ
Pk
X N e
N o K
oS

T

Xe)
pal

o 71

%7} o]

—

=

o
# A=Al E87hs

Y As
gHol7] of
M1 @l A

&
-

&

fl gg

I AAo] 712 9]

]

Sl o

5}

P71 9

iy

[

7‘:}-0

7 23 A9
2 njejg Zo)
ECESE

WS

4

1—

AhzoF ol 2A|A et

Vet A2g §

- 8=
A7



(i) “Ol= 2|0l 7tF LU0l ASEIN U=71272| AR BE AIS3H7| «ish Et

&0

_ii.
r e}
S
X
i/
n?l
OEL
N
~
_,d
2
o
=)
ot
H
E
Z‘L
o,
OEL
N
g
Ry
:?:
S
-l
>
f

Tk T2 o
- B 52 IS A8t std, T9TETe] F=shA WA 5
729 SIRlEme] B71 BRUAS ke PG He Ao f A0)8 B

A& Ay dE, BH st Ae TS Ho] AddEe] vla

(i) “R& AMPUM0| LSS BuHO2 HoS £+ QT AWI?7e| 2R TS

TA| Mefehs A, EFEA] F700] HE%PJ RIS %XL oRH 7Ry

i)
rr
}
A
1:1
=)
i
m
N
=
ﬁﬁ
i
1:]9: F
0
rlr
Jlm
r&“
r
Y
oi
=2
Y
1,
.
X
N,

e

i
z
ra
-4

12 712 9gis WPy 72 o Ay



AR ARIE Wedshe A AL ARAe] Qe At

. 35.9] it} 1e2le] Anh} 7 A, 12T ol B SRS A7
a3} Qi Al ol Hef “ARAel ot 2 EFHolof 7

(B 1-2) 75 fiE= Bt YEE HE g 83
Azty sl ey et e Bz
Hgoz At WetRe Bud =8 AF W
“Aqut 712 3| _ _
A 7Rl S O] gz e swe g A3 @
W % 9k AVF A2
A9l Ashtmol] et $2E AR )

“ofi Ajofel 7k $ide] W5 | 54 1R 2SNA W Aol BH JP=rt
HeAbo) AR WFE A9e o] 44

=99l 714821 (underlying risk factors)ol]
| FUE= | oI oleliE AlFal Aol B Az Aol 7]
o B 4 S | sses o

A1z AAqo| e U =2 13






H2%
= =0 chiet 7HE 3
YEEAA =







CHAPTER

2

‘t=

QIR0 Chat T

HHHEZ

O Hio

2 el 7)ol
At B2l

0lo
=1

1. 7I52] d9|

0 £8sk= 7h20| Ho|
o 53 7EL Ao
o o] AL ke Aol A
o oA F}Ee EBA AAH
Zol 7he o] Asts

4oIE olg

- 748k 715 (meteorological drought):

A7 ZEARYe] 4 g ARl

- 594 7H& (agricultural drought): 2+2

E- 9 5 HE

- ARBIAAIA 7HE (socio—economic drought): 734
7ro] Extddo] xefiEl=

B9t 35

M2 7t= SIE=of ek JHE 2 U

SEdTES EvE & Aol Zast 7lE

F& A7) mzol g

S84 71F (hydrological drought):

ExA 1=

He=

1 7Rkl AA o] wlsf Azt Adddoz 14

Fol AHet=A At Arele] ZEA

f

rlo
)
o

B

717 &% T

:
=

759

i&T

](

v

A

e
AASALC AN

o4, AeA, , opdo] AdE

Bx0g Als) A1)
Y

2A 2= 17

it

e



HH

=1
2!

| A&71210 WE 7h=

HX0
==

A

=
=

o

ol Ald WA, J2a 7P 2 o

1o
o
!

3} 4:7410]

sk

Azt &= ol A AT 71A

FHEAE olofA 227 AH o

1, Sl

9|

orL
1o

&

s

ZF ur
=2 =2

il izl e=

£50] 7Hge] H)s

ge

o
-

o AHAH 2

ojn

on

1217

)

I

2} 7}go]

Sk
of

7V

[e]
-

- ASAA T

71sel A

al
[¢}

CRSREE

O = A0fM 7hE2| 2214 Yo

oln

™

NS
ol

A
O

AT 7heol AArfsE T B

7]

2

(e}

FHAC] ARUELL Al2]

=L A~ o)
oF SALS

, 73A 5ol 2letA]

=]

=z
T

- =
=

N

Jlg
ToH

A
e

AR A7 7

, ARRAIA 7HE]

L \=jYe)
’C7 =

o ofof & oA

31

3P|

tE <

18



2. AAMHSHOM 7HE2| EY
O 2 Aol =3dnt 27| S oH=

]

ol

o 72 E57] EHE MA3] detEr] WiZe] AR FE Alde A%

Aol FFA, A2, Ay, AR e 2 A=

Z¥7] o= Adel 2 (Wilhite@} Pulwarty, 2005)
o

o

| 971 A8l 27100l A71238s 1A digsh] B, o +

ol
o ook
i
”9:

S wgos BRZ0| shad S T 22 A
- A4 373} 0] AT SRS Holdhe telok B2AL 2%

o] W A% thhS SI5) G 1] AT olof sl WA Holzt
Qs 1] e, 35 A

% ks
o] 1FE FAE %ol HH Atele] 2 &

0 Dfshe| HIZ7tAlY

o o}ia] A7kt 718 TS ATy, A5, 748 5o 7xEo] BalwrkEr]

Aol Aol AP0 WA FA) Y

o 11 A¥t B¢, 29, A, AHAH] 5 B AAAste] s w2 e 2
& (Wilhite@}t Pulwarty, 2005; Pulwarty$} Sivakumar, 2014)
- o2, 5% olmalrl & 7lRo] Wle Azket A Ygr FLojof 7HEEo}
A= o] "aA 1A

Q fEplE 43el ofefg
o Wsl7t 7pAelA) glob AVE 414 ehe et ofje}
B el Fhe sl 4710 2AER e

o

=

Wilhite, 1996)

_|.4

o] o] ol
& (W

gl

2) A AARCE B o 71EoR who AR} e A9 EE QAuk o|uf AFYRE= 45t

OO0 M

71 Mefetel] wrke W, =) 53t 2ol slg=lel 42 A%t Bdel) Akl 9

H2Z 7t ol chet Y U weEAA 7= 19



—_

- 7PV IEHE A (state of national emergency)sl] Aid]7 o] FA14<
SHEIAE FHSPAY AP Il 7284 s ¢ ot F Adl=Ee
AlefetaL, 7RaEA7 =l ARl HEAAR] AR 2At 35 ofHe

c

filo

F& A, vk Aol vs W= e

- 2] 7Fg WS bttt B Aol g YA o R Sud Sk
qlr, FRIEN AAEE-S 7HE0] siad o] A5 o) shE WA E

0 2009 UN Global Assessment Report (UNISDR, 2009a)2] ZFAAfjs} 4|
- 19804ell4] 2008|2] 717F 5ot 2t fiEERE 2 Al 715 YA
- (O™ 2-Dell AXR ot} ths BAIE BH, 7Fa-2 3,341719] ARz
F 94108 AYSISAT 3% wTto] 2Rt FRRILAY A 26%E 3]

- B5E Aokl ofAlot 2ol 7HE-E SRR 7R F S mIAl,

71 AagsbE T Qe ApAAfsEt o 4 9l

o MAMIE . Yt FpHol] 9p0 0 WA et ABEHARE FUEY
PN QRF ALH] A5
- AR Aol AR Ho] QloiA FHEo] FaAlEs Frhe
a8 A e
0 I AT Y, EFAE, 48 50| AAALL BT LJsHe 2L Yo
RYslAA 71gel dhet B4 A The AaRiele] el 2] 220 (Hamdy
9} Trisorio—Liuzzi, 2008)

20 712 o= TP 72 2 3y

iy
fuiok

0

i
z
ra
-4



(3% 2-1) UNISDR| OA[OKHE A{HASH 7|12 A Znt

Drought W 04

Earthquake* 402

Epidemic _ 266
Storm :13.5 % \
Ext. temp. 104

~ Drought : 26.1 %
Flood ) ) 117¢
Insect** |8

Mass mov. dry 19 ~ Earthquake* : 2.6 %

Mass mov. wet 226

storm I o0 Flood :57.2%
Volcano 55
Wildfire 58
0 250 500 750 1,000 1,250
Occurence
(a) AANHE dSe (b) ZtzsHE Fekel HiE

Z4: http://www.preventionweb.net/english/countries/statistics/index_region.php?rid=4

3. 7k SIEs
o AR ot FREE Ha gt ALlat 2o] Fe Az FeF
Aol WS S e B0 Aol FuEo] 9] whe,
F1gat o] A7 A3 Tjalrk FHE Asiol talde 712e] difle

o] & FetelA]

o B AN THE 10 EREL NG 4 YEE, Bl 7 ojsit
HFSES HE GRS Aodstaat ¢
- 7he SRSt YAE THAAEL (TF 2-29 Zo] B4

H2Z 7t ol Chet JHg U wEAA 72 21



(A 2-2) 2 AN 7t SlRE Hol

AN
oA
3
=
"\
= l_o‘j;
o
1
>
y
Hl

KIII OH
HOILE ZAHZ S0 et
= ZMA Tloe 72

e 4 od

0= bo

4 4% o Jm
Uil
(=)

jas)

(b) JF2 Mol SA (Hazard)

v BN SrEY HER o
iAol 20187ksd Mot

g\=
ot
>
12
1o
]

Hr
Jp
02
el

v wEE sol 7 5)9f
LB T (295Y5, 8442E
)8 ZeHoz 1

v ot

D A=

O YEE0l e JHE
o ZtAAsRoFl A AFAES AFE Risk)E 57 37tollA EA7IZE 2t
Alstol os T 4= = A woff 2= 7+ (UNDRO, 1979)
- FAH o7 FrolH 8of Ao] (UNISDR, 2009b): “The potential disaster
losses, in lives, health status, livelihoods, assets and services, which could
occur to a particular community or a society over some specified future

time period.”

22 7t o= WP 715 U 3y

Y
ok

0

rk
ro
re
4



o ‘ma] ALl 9L

- QoINS E= A 2

- AREE BAS] St 0, AL, A 53} Lol 1jolE W
AAE FAROT YA o] AAE AL 4 U e FHE A,

S AR 7k, AW £ St o] FAH0R AHojshe o] 47

- 19709t O'keefe 9] (1976)°1A AP E= Tes] At ok =24
32 Qo thRt AR EAIA 89150 oo A dkS Heths de
At 0%, YA BAF AHEA (hazard), =EEA (exposure), 1]

T

¥9FE. (vulnerability) @] Al 7FA] 8459 o5 AA4EHE Zow 754

s

i

4

O 2 gAML 7te Sl 2|
o 7FaS] ARRPAIA S veel, 7R A5 AEE sEAge] Eol8vt
s7g0] o] mAA] Sl oo FAEEl WA 4 e A
Ql mafe] s 7hE
o <19 2-33} o] 7Rgo = 8| mlshE T AA S Wista 5|
Hha] E5t Theret

- o] ZE ARt Mo 7S WANY] Tefshs e B

I
2
N
N
fu)
)
=
2
lo
H,
k&
ol
el
>
./
ool
H
L
L
il
b
=
rek
N
_9[_2
£,
ol

N

- SRR AR S MR SIEE: AT A4 A2 o), 54

2|elo] EopiEyl FRE o] g A HEo R zajd 4 gl k719

H2Z 7t ol Chet Y U wHEAA 7= 23



24

EERIG R L
T2 3 A2
ZEx|o WAt K3t
EUES 2
A8l 57
S0 ol Eshs teld]
Chet #xbs T
MU A A
ST xIAE A L
Rz e

= UST ALY Ht

= ESATST

= AELEIS2HE S

= EHSAefAdZ

= Jt=el FE st

= FitAtolEe Foi

- TEAETE T

- USX g

= FHms xjAe
rE gy

gl

(@) BAH o

Ate|F 2y

>

Stz HIE ST A B

szg
Hudolgtsy ad

X Ye 98 MR
2
ujsh X g 9Igt |
A

WD mrx E4> 4> ob 02 0:
=

ng

gizo e84 HuE s
oigel 82k
Agol wnciyy Za
sHtel Mg
AOI% 7H) A3
BECESIIN

~gsyda

CEETTEIRS
ERES
R34 et ol 8
=YH S0

712 Qs WPl 72 Y

- golsmzelZs
- FNHezs

- mayozs

- Aotz Rt
- ox

(b) Af=l3 misj

(c) 233 T3y

YA 280 2ot

£2Y 2AEYA F7}

- AP AEY2 ST

FALEY 43t

s SolY He 52| oS
A 7|

2Y 37t

orlod st

St 0|5 01218

oggdo =Y

=2 Xst

EL IS

A 24 S OPYEE MAX|
o otz|

3 Ll 7hsd St



2) 7FaAsIE4

o Al Ede Aololr] Sl A4 T/l s A=A s 2]
Adzor Qo] He 274 &40l FAUAE AHste Aol Fa
- Ao 2 FtolH gof Aol (UNISDR, 2009b): “A dangerous phenomenon,

substance, human activity or condition that may cause loss of life, injury
or other health impacts, property damage, loss of livelihoods and services,

social and economic disruption, or environmental damage”

O = dF0Me] 7tE AMsHEd el

o o] Hupe 7g=pafe] A7iet A&7 |7kl digt 57 Z4dsiellM sigA 20187t
S0l 52 dart =
- 7hEo] Afglell ol Hrke A2 71 ol sid A He] =ol8rts e
Holz=d mof] =7 W=

o olof & Al TREAIIEASS Bt o] xR Qe s H e

H2Z 7t ol chet Y U weEAA 7= 25



o LEZEA (Exposure) Asflof] oJsll E4 57l AL, ZH, AAEs 5

A S0 JoFe Hi= AL E 9ln|
o LLEFEAGL ditA o= Asfof s Atele] #[2lgta] ZAdol=tal /1A,
thee] A Aolol] THH A ] S 7
- A o2 gold gof A9] (UNISDR, 2009b): “People, property, systems,
or other elements present in hazard zones that are thereby subject to

potential losses”

2 AR0IMe| 12 =EEY Hol
o o2 AAdelet Tel, 1=l el deskl BelE ke
0 Bolg7kso] ofatel A|qe] 718 G rhee) oot 2o et R4S
SA] Tkt @
- Ashel chat RS Ak 2R Z, “ollo] Anpt e el
AV o] E3tElo] 9719

ovrL=0
- oY T 28 & AT ANEEO] Aol B2 845 Has
ShEty”

- 45 2R WS W LGUA: 5, ‘AT AUEEo] £90] ofd
MO Ague] LAk 5
o] & 97 180 B R 7R 2] s Ak ol
2RE eF oz A

26 712 93 TP

i
NE
oX
12
iy
Mo
0|

e
rot
re
4



- AA o] 7F FUSITAL Sk O Y2 S5 ol weh 24 2erd

e
- 2, 1% 59 124K SRR <I5) 0] oY) BBS YA 5
=

A, 5ol A 124K a8 Ag=Rl gl rhsst He A8

Aol et 27 gF2 v=A BrrEoloF &

4) A4

O QUHIZO| 2[oFA 7{i

[y

o Fofe (Vulnerability) 2, AfsHE-d¥h= 75, sfig A1G0llM ez A€
s o= Abel, BA, B, wok 7le T B Hse T

- Ao 2 ghojH go] Aol (UNISDR, 2009b): “The characteristics and
circumstances of a community, system or asset that make it susceptible

to the damaging effects of a hazard.”

O 2 HR0AQ| 7tE F|ord M9l
o AHA E} 2k SO AT FoFe AT ofd] 7] Tl HEY S
- HwA A7h Rt SRokxal, omt 4o FoFeE AXsl= Ao
s A= A7E of gtz 458 (Lee 9], 2015b; Lee@} Vink, 2015)

o Es|u} 7129] R Zulgste] Bmsh AAgE0] Aok AL Aldl|, A7jet

o ool & AT 7Kg FoFEE TheRlE WATHe S, Sl
ZH= 3] WA o WA Ao

2% AZATE So Fokw AEe 8 FASIEE At

H2Z 7t ol Chet JHY X weEAA 7 27



’

=
=

2k

R
%’

EACE

[¢)

o

b
s

ct
=

°

S50z 1

]
=

_]

(E/ 78/ L/ %A

A

(IH 2-4)9F o]

=

Sk
=

f1A]

o
=

=

_]

A
[¢)

AA

A

=t

=X
iy

=

7

-
IR

O

T
7} o] 7

3]
)=

)

o olo] et S AES o

Aei7] 9

=

[¢]

]

1

=
=

TRl 29 4
o 919 78 g

o

Hie} o], 7hHE 9
7FA

=]

-

ol 23&
o

O

€

E

=

ALl 7

A 7k 2300 2T 871l wrAGell kel =

Eol87Fs4 (m'/9)

g

of

O

=

BRE 7|7 90| §45TE (WYE DE T

7re )

o AMEAOR MR SIHEY
E

- 7ke Fepy:
- ke S A A

I.

o A

W

3|
%S|

A

4
ofaofe}.

| = TS W)

A=

SO %

2§ 3the
71|

hiE|
=

AZO
°

=
[=!

3]

(=]

% ke 2ol

714 5
SR
7z o

o
i

ok

o
o

28

3)



sTrEE AAE

1

—

< o]

o Frigo] 91

AT
=]
Fergol WA
225 o

=

[¢)

s

oF P

Ok
o

il il 2= 8

o

B

=54
d B7HA

==

Aag W

ok

Pz

(¢]
(¢]

AAstel) 747

S 27 dv =

13

et

ile)

A

)
=

sfHl-8

5

ShE W=7l o

5]

s )

1

Ao
)

541 19 52t 7]

O

o

o]
=

J

-]

=
=

=
ek 1% A

191

1

7150 25e

e}
o

]
_?_

oA

el
up
)
%

<
ol

_F
o
N

¢
.

)

O

-

Th] A

1
1—

o=

o]
=1

A= A=E ©]

O

o8l A1 9

Fohd 1

_]

8
=

pAReE=

=

I

H

e

FetAefA

[¢]

bzl

SV AR

5

- 714 Fobg
_

ﬂmo
T
BT

ol

Bk

29

=ofl Chet JHE 2 WEEAA &

il

[=]

G-

H2% 7tE 2l



ad 2-4) 715 fiE= F7IE flet A YEEAA

I THOH S48 =} . 32k =}
SRS SN JER FANM 2% 24K M || - BABT: FOSS SLE0) 016 201
S 018J)sg2 20tL 201 QIZSHA HiohS &=01?
[‘i'] S8 12 24 (SN SPIADIA
e Rolol u4I| REY TA _ _
— jj - LEsy (gg07, 27595, sa9% 9l
B GunEuls)el 2 Heys
W A5A % B5ad N2H 28 nejel (FEASUAA A deal
SEAY 18I NS =4
N7
SH b2 ZAWAH SFA%E 2Es]

A= hg

E5TEE A 24 |

STAYE 8453

1
2
S Ik Z20M S5K1%E ATk
LESY (YBioly %FIEI:%¢ £85) o0 |+

{4

It= S1E= A= WY

- HATS: SH 2 EANAN S4K 0 ToisS CHATS: SH 2 TA0IA 2 24K =0l
SU=( AN VS YHS W2 So ANt 2 DES AS 4 Y=
I =E=EM "I} V. HelE 43
30 712 9@iE TP 7= U A Ego| oS A7



3%
7 g 2 L M e 1







7t 718

ITE
o

L

e

™

A 7 27394 ST 799 247 #EF =

E
=

D

o] of

o
T

Y|
™

oA

A

A=, 7he =

J 24 9
I WA BAsjolo}

.
[¢)
]

& o187

A Ao}

=3
O'—_T

S}
=]

Aol

o 0]

13
=

ZAB |2

=
=

Boadsd AAE AR =

S|
a3

&l

| 2= HE AAE =2

9]

S

=
L

o
A4

s

(e}

ol

7352F (mean areal

13
=

sfioF

.:F_

KB
=

precipitation)

¥ 33

T T} 7|

'S4
=

H3% 7tE



3.1
=4

1
1

-2.0 Of5}

=
=

SPI 2t 7|&

—

SPI AIAE Atz &

-1.5 ofs}

4Pi = Zaipi

k=]

- ¥

s AAE 71 T Al

37H&Eat 674

©

|.

3~ o] = 7o AlZIE Bsh

ZPiAi
D4,
-1.0 o[}

o

iz
ar

Moderate (¢F

70l CH
(B 3-1) 7k M7| o] ALEE|

=
[LN

(WMO, 2012)
/SI]

sh

ME=NeH, <
&
o ©

SPI 2t

1T
ar

L=un }

o

- McKee 9] (1993)¢f ¢]

- AG.DAHE °f
o SPI (Standard Precipitation Index)

(i) &3¢ &

31

= 7P|

=

34



R Az A

A 7ha Al

A= Lol A4t
B =

)

P71 915

0

=
=

=

=

AL A=

B, 54% 2 g o
s WEEE - s ©
[e] N . 4 =
B mjy ry e 2 ~ T N
o rEE 2 Vi & |
N 2 O VI p ' o
- o BE o of ~ 2 ' <
s g MR & T R <
H_J o 2 = V - o 9
e o A S v o = Vi < <
X %o ol o P = = ~5
Nfo = = < Vi B T
pjr Xopl H B o = RS = A
m:.‘ I - = = Vi - S ol
T ooy B =l — S s B = S
dom o o T e i WY s &5 F
o g Wog W ook 3 s © T -
— ) /| oo o + - 3 i =
o o 2 e Ll 2 R
SRR B M
Erl 8 Eqgw L+ 1T g =~ g 9
I S E & d Y= gl = RS Al
o o EE nmua = o = < =B T = | —
o A ful Jl L + T = — m = B
= o ﬂ W or W_e — - = n_v m T 5
M o BB o o X _ | = = ¢ & o
b HoAF g %X e L k= =
A = s b= B
= BT 8 4o = 8 £ 0
o R ° I I =
o T o E ® op I . = 2 W
o W B M OZ o W N N T =T
g o & o I - =
~O I ~ = T = - I [ N {
BTSN E W R N S % w on
_ _ _ n i _
W
&

35

EH
=

= gt 7|

i)

=

[=

H3% 7tE



hig = o= = 1oy 1y LIS =
- SPIRES 71Z0 2, 3749 vlRte] B AR FSHA 718 5
Zhee o ), 12|33 o] 1 ASTIRS ARlAA Ve

weke o Ages WMO (20129 AIAS we
- 2 ATl ASAAA 718 o] 9l7] mhie] 34Tt 674e]
5 7B ARk A3 P AAIE A gL 5|, 37 71enEp| S

Wl SRl ARlEAlA THee B7kshe ol ARt 257 17=
=

(i) S SPI 20l LSl 247] RBY BEA 2A

O SPI 7|&9| 7t& 2 44
o 717+ Zeg Astell tigt 7he 205 1S ] Sisl 670 SPIofl AR
T 71 7HE A7) 27, &, AR (severe) 27491 SPI = -1.59F 42l
(extreme) Z7¢1 SPI = -2.02 1572 3
QO F 7] 718 22| K& E AAE A
o & 7K 7hs 27 dish 7P 2ol A Al gl

P ATEO] Rske B Y 99] 85 AAY ARE FAdTeE

R A2 (WAMIS)S &4 st

N

(@)

el

36 7t eEE WY 75 U WA

e

0

i
z
ra
-4



2) B3 7H 24994 3549 BA2Es ol87HsF 24

o GRDM2 Algdlold g
- Lee 9] (0120 A 70l YE AR 7heH], Tt A5A] TRt
AT 22| 9] SETA ] thet AuE] e #As A Rl
913l High Performance Systems, Inc.9] Stella ver.8.02 o]-83f 7igt
- o]% Cha 9] (2012), AF&E (2012), ©|F78 (2014) F9] AollA 71 k=
T AH|A G 240 EEE S

o5} Al

i ToTT:

- RG] ek 2t 42 [F5 S1E A

(a3 3-1) GRDM22| Stock-and-Flow Z2AE

: Inflow at given :: Delivery from Local NRW in Area1
! drought condition I share Sources to Areal P ,,C.
o i <
\' i f —
infow into storage i \ /,.(j Water Availability in Areat
~

Total contract amclﬁﬂ

|
i
|

| i
| i
| |
|
| i
] forall regions 1! Deliveryinto Areat —Water pr in Areat !

i NRW inArea2 1
i :n = Delivery from Local '
] / u A Sources to Areaz T !
| coefficient for estimation / ,l / /Affli\:‘akfé;ank '
) i i / i P G
1 3 evaporaton ( it/ , A"'_"E‘Lf‘ T;"K b Water Availabilty in Area2!
! \ \ ::( Avea share - e X o~ |
| \ N L— Water supply in Area2 i
i ‘ Water in Reservoir', :i T T~ Dguvery ifto Area2 Y PRl ) !
! e = [ 1 S . - /RNRW in Area3 :
1 evaporation ~ Lprad nfake :' | 4 o e P !
] { S 4 ~ . N e !
] \ / / \\ Total Ploguction ™ -~ Delivery into Area3 \ H !
i / / \ ' iny . OAreaS share /7" Water Availability in Area3 I
1 \ \ 1% - !
| Water Ie»e?Q I b ,: P /\,\%Water supply in Area3 i
] / Decisioh on ! = )

I = |
i / 1 wifhdrawal re§mcuonyﬁ 4 - Delivery from Local L _ © !
| / o \ I‘: N Sources to Area3 Arrival at Tank in Area3 :
1 \ 1 -
| N \7 :: N\ o Arrival at Tank !
effcient for relationship between~ . _ _ -7 ! inAread Water supply in Aread i
| water level Sdam storagé T | :: ~ Dellven/ ’hg Aread ’_? S \x PRly !
| H i
| / h i
: S ' I NRW in Aread i
] Dems(;;_)n En spillway " Arg share / Delivery from Local, -~ |
| Jiseharge — H o Sources to Area4 Water Avallablllty in Area4 !

¥ i
1 Spillway discharge :: !
|
) .7 H :
) Nlsal -0t i i
1 - -7 i I
RS I, R R R R R R R R R R R R R R RO, 1
A oo x| S o o] AU [o | L) M
(@ MAl 29 & 3 eek 2H (b) SxAG2te E42l 0187} fof

AH3E 712 Ee wor 71 37



38

o GRDM29] A2=a] 227 19
- (O 3-1@pel AAE 2P AA F&

- FolA & AAE A=z tief <& 3-2) 0] fFE Q915 15|
A2 =52 A
(E 3-2) GRDM22| X{2| EA| HE 22l
+ &2 T+ 3
s B 27 | o el o 4EY
Y] = 2akl =alak
Qoa] B 74 72*1‘7] HTOE”}_?EO
go-9] EEAlo] T ol WA
A% BA £ | FeAETe) Aok U v 2
52 g 29 271 | AFA] F97F A = olstE AZxE F¢
g gy | TR R RIS Y U ASae wAses g
- Aes) £2A AT Al A B9

Arojzol 28] Hesiato®, 49 70] net BWA] Ei HPAA] 2
it A7) earte] AAIAS RAKL Ase @Adow A

o GRDM29| 443+ 4
- <39 320yl AAE 2P

k)

- A% Bl A4, $4, B4 WA Bl Wi, ofF, & A
37} 33, 244 5L FYH0E nes AFHOR F4AY Z
sl ARG o187k Y

- Aol T WA 29 2 AN o] AT HA
e 410 o] Jrist: FHE uY

7t RRE WY 5 2 A 280 et A7



(& 3-3) GRDM22| 84184 Z47| ALY ZH7

AN
)
&
)
57}
r
ug o
o)
[0
r ?ﬁl i
i
2y
&
rlo
~
)
l
%
§
iy
ofN
jﬂ
2
D
ku

_I_‘IJ
v 1%*?4 FHEE B uPFERe] QA2 dEAdl
Y A WSE o 8ol o2t Zo] Tl
v TR 49 X ELm)7h A9 X ELm)ell 7Rl wel X = a, x X2}

X =ay, x X9 F Aol 5ol il Ba52Q AR kT k, 0] BHE
77} s "ok, BA] A5 Yol BA) A7 Y] Bl a3t B

FX/X)E Sl o33t o] BAY
Y=Y Xf(X/X*)
if X/X < 1then f(X/X) =0
else if 1 < X/X° (a, then f(X/X") = 1—k
else if a; < X/X < ay then f(X/X) = 1—k,
else if X/X ) a, then f(X/X) =1
&ol<a, <a, 18T 0<k <k, <1 (3.3

v B8R REATHE i, 4y, ky, kyE ST HRAIS] IA THEAl 29 715

r-lo
o
!
2,
ol

i

A TZ2AA BP oA

v BAQ e F(x/X)E o 2] Bk ofjet 7] 84 Alkglo]
HAARERIA ofE WSt do] Slold FaF AHasE B8715%
1o Agole Aokke 985 RASHE BA 3L o)
v FX/XT) (19 9ok uppsto R o A X/ X €] Zlo] me
4= Agto] o)L, A7) 84T F AAHloR B ufolie e SR RE A4
e I do] Bed Just

A3E 712 @z "ot 71 39



2. 254 oA

ezl T ARG ol k5o RNy

- E
L 54

7}

=40)

o =

il =R, goaaot ol87 s

s}

gl 9

=

1=

AT
H

Al = A9z

=2 o
= -

0 (T 3D Lol FHALE §4el Tt A2

[¢]

7}

o
=

| CHSt Of|A|

o

I.

—1 A
H o

OQAJ\

(O 3-2) o|9| it 24A|A

Q4 (m*/¥)

Case @

Case @

Case D

Q3 (m*/¥)

A

=8 (58)

i=7 (48)

i=6 (3%)

5 (28l)

j=4 (1)

j=2(118) j=3 (128)

j=1(10€)

t(Y)

0123 =+ - -

- wfeb i) G4 ele] Ful

(E 3-H2F o] 14

=
'j'i:

P AT £

o %

H =%
T

=]
=

I} Sto] e 7] FFo] WA 9

of were] $1%

g

4) Az G194

SHA

[9)

31

= 7P|

e o

40



= | B |
m| C | ==
| o [\ N
M " I I
Vol W
ia

o T

of T ™!
ﬁo ‘__Louh m._,A
Hmm B ~

1| — ~
| K| 5w
5153

g | | & | <
Eoldls
0 )
L_.WO LIL ‘.ﬁ_WO
P |k

N N
b | & | o
o ~ [
=0 0 0

R K X
o° wr | e
© | e | o

O [ Q

& & &

@) Q Q

0= 3]

dy;lt]

o 3%

d

Al

=1, Q]

o0 &
31 ~ —
20 = +
| o S
o IR AL N
I I I
Q Q Q
of
o LS
o T ol

0
AEERE
__1% K X
T — X
o = ey
] =3 T
o = | ¢
] < o <F
S| o < 5
o = e
i I R -
N N
i N i
o) ~ 0
~ > ~
..AO _,AO ..AO
To° g o
© S) ©
(5] () Q
w w (2]
S S S

- A FpA199 A oA 5= 7]

3-6p3} o] 4

71 41

S
[ =1

H3% 7tE



( 3-6) =2RZ7|2 a0l At
At

= 100 (%)

t

Case @: B4 713 &<t =90 _ . a d ¢
2 2t Ao Rijfloog{d,,[t]x @[tl/@}/gdw[t] (%)
Case @: 4 o 8&7k5eo] IR Y
Sgol A7 22 B¢ s 7 IOOE;{QLWQL'} "
3. #Fd A
0 Tt $0] Lol WIS ol mlsfe] A= kBB Qlol P53t
FepAel] ol 2] 2 EAIR, of] 7HE SIFE et TRs) of| ALl A
f450] 7O &= F= Aol disf olE2er AHHA ¥ s
o & FoflMs Hieha o7 ARAF AW Be S0 JlolA =S
ST (&, Fu% walzie] PAle QAsiche Fgstel, B ZRElsit
= EdE 2ot 9ok 259 E WS of <1H 3-3)
gol kz7|= o
(33 3-3) E25Y-2EE 49| 71=HE
Damage oSt x| o Damage
Fl ot A7 ol
ool 2= =
ol Y
thEst
Exposure Exposure
42 712 = WY 72 U FUH FR0| 3 A7



olE

&

Sel, 77 AET1ES

EEE

- WA B TREARRA] 712 A=l sl
7} BERE H77h Eol LEEA (BRE

2RI §45TE)S
EEEEEE

71719 B8t 8 E e 1% ASHA

he 22712 ¢
| 2 AnE BfE, i
22 g, (%), D, (D, R,

(e o= AB.42 2o

ol

o

G =

)

k<

(3 3-4) 2 B70| LBEH - BT AT

= O o
%J:E'.E CI)ZJL_

(100 —

= EHi= o <™ 3-4)f AAl

NEH oz A

=49 71er k, 5,

A
(%)<
L= ()

AL
o
7

R;j) X E; X D,

WY Bt wlsirlE

=

-

2 40)

(/9 L/%A

(3.4)

Damage

%H

o=l
=

=

G

O
i) SR

A3 7tE

SlEE g7t 71

43



=

o g BAle] AAle) Wl kmx Tk ZRjol 2Hsk= mlsjelse] golm,
7 A7pe] Wajole sjgAAe] qlo] Hleateta 714
- Fgo] ghls] ol2ojA) Aelol A% S0k Q1] HlEsH:
o, 1] 7L A7} e Aol B5Sart £
A o] Ade BREA © 2 HaE W) Hke ojn)s 2] 7
Falol] o] Q17ARE

olg3) 5 FAIelo] Tsjote Apsieic QEEA] e Sa0] Aol

oM, I
l,
2

o

'y

N

£

Mo

|
N,
T
N
R}
12
%
n
oL
9,
o,
=
zjl

>
£
28
fllo

o AMgH QA=

lkmx1km AA}F] IFALE 2+ ¥ Oak Ridge National Laboratory©l| 4]

AR T A2 AR SRIG AR HIHS B3 FE YT

Ol A =21 LandScan™ ver. L2009 (Budhendra 2], 2007)S ©]-&
o 7ta HRE A=E AA =9, ZF AZPE A Q] wofH]E s Bl sy
o] AFElolof & 1P Aok o 79 B, E

E42 th 218 STt B2 AN el wE

44 712 9Bz WY 7& Y Y

e

0

i
z
ra
-4



A 43 MEHA 48 2t







AN AT Hg Zn
1. AT LR 7|22AL
S &3 =259

i}

44 FH5o

rlu
H,
:|l‘_‘,
e
,
e
v
<]
;
)
lo
54
i

At Q18]
- o] AH2 g, A
- TA] 9 A7 Go] 925

Wot 3 A9 A o5 tigh RS Ad A

Y5 Aol Tslol WA HE U 9k

o PAGl0] P4 £4
of (qelmz: 100)olH, FERL A

o] 120 ko]l B33,

Hay Ao &g Zat 47



ad 4-1)

79 2A

(E 4-1) |l 21 54

RETY | diEa BABN | ga | A
(km2) (ELm) (%) YyAsr | FALE
e
wmoo | 1207 928.9 47.8 0.20 221
HrS
i
gage | 2M8 748.3 51.1 130 1.80
@FAS | 34428 | 406.9 39.1 1.49 1.57
A4 =7t SR R AF
48 718 SiEE WY 72 U U g30 #E o




A4 2, 2014)

o
T

(

g 5ot Ht7daFo] 863.8mm=

il

2]
=

7o) 440.1lmm= 87Y

h|

71,

St
=

=3

oln

e}

ol

]3]
=li

4 (106)<} €

=
=

of 7\ARE F AW, &, 59 74T

L2

EM
=1 o

M
=

AR A

A1
SEQ

s

A
T

S

=

(e}

ojn
o%

™

el

I

N~
N
110
mj
&

0
=)

]_

AH

—_—

o, As

)

2k

4=} e A

iz
JL

<

A
—

4 25

0

—

]_
| ZoF 83| 29 5] 747 AL

__OL

3} A9l 22120 917

~
o

she A g

iy B B
owy°

A2
=

N
;

(& 4-2) BSY A

g ri o || =
AR IRERE A
24
<k S %...AI o |H | ® .._.n_.o_ 5
T S g < o || ©
NS 0| = |F|
—_— )
. _ <
0| 2 ¥ Elol = |&| &
0l = (& B (| Q||
< & | - 2 S |
+ ol 0
_ﬂo SI3 QK| 2| 2
S5 NF| S
B =
— ol ._
mu_lm o m _._.W = ...Azu.h 5
| W E 2 PO R
Mo | < 100 o K M o_ e
T oo | ® | 3| g S || 2
o = m O_u o) = o
m_Auo E-] N
-
< njo | E
B | o Ela = |&| &
X ¥ H| 2 |F S F
AL & =g
_|._ .A_I Ao 5 Uh .Fo
< AR T

SRS ATAL 2014)

THE|dE (

s
T

2

=
=

49

Hl4Z AR A Zat



o (I¥ 4-2)%} o], FaHolr EE Az FAgelM A=ld H,

’

FAZ7HANA P%9] F AT LEES EAATLR UrolA 299

A2 44
- FEAE s AR TRl AE Sl T 10719 B4 S0l
|

il
1z
=

S Al

i do

Huae|

S2(7h

Sel(H)
X (M)

=30l

4 EH |ﬂ'|| AI
A S At SEEEA AR

(E 4-3) E2¥+3 A=

A2z 22|58 A8zt O|EE IIsE
68.4% 88.0%
FREAUEA | I FEAT | 70 A amd ' )
AR | A EEen e (20139) (201349)
4. SR AR REAEFAL 2014)
50 712 oz grpy 12 2 HuA 80| st A



(e}

18719 g2 AT A 2H ARE A (&E 4-4> e} ol
olo.

PR FHAG0E FEY 5 92

- F4AG I EAATY 4] FEPE0R Y A 7 2 4
- F4A9 11 SAAE 3 F4PEoR T4 9T ¥ GA3RA
- A9 I SAAEY ) 4790 AEAT A 3479

oXx, 18 1%

I
4

g i FA D YA

- A9 IV: AEASE) S FH A0 T thitn S 291

(B 4-4) 2599 F12 (1871 27 59,000 6E =2+)

. 3 2% | oxe | 1911¥
g | =T S 3 | AR | (g | M8
(m3/%) @ (m3/24/2D
(A A efel g2, s 22,570 23,300
. (A wHE% ey 55 100 100 126 0.3396
[=A] (18) e S2)s 398 500
[=A] &4 o Hoks, A 5,978 5,700
[=A] (138) A eAG 35 100
1I [=A] (A7) A =AS 2 - 38.9 0.8107
[=A] 27 A eAG 2,161 4,700
[=A] 9% Y AkE 1,442 1,600
5] BeolE B 515 198 200
- sl <j47é> e s 2,268 2,400 126 03619
el 3k e 445 665 1,000
el 84T e s 525 600
5] Sausd B 515 6 -
sl T A aghg, AR, dd 11,222 11,300
V5] gHaae 44 kg 131 100
I\ sl (248) AR 17k 2 - 62.1 0.4089
5] (1938) A4 kg 6 -
5] (928) A 1ghe 172 200
T+ FRAGE ALl digt 191 19 A dF K9] RE FFHFORRE FgS A A ARSHS AlLtet

FH17E A BT 3
o, 917, FHepe] A FFLAURA ST WEAR Q0149 8DE ol8ately, A2 AR
o} §5-27 ate] TS 258 (Non-Revenue Waten)ol s B5.0] 20128 A45=572] 22412

M4 AT 248 21t 51



(B 4-5) STAHe| AYYrE S5 o

N | SRR | ggaiChe | 2 sew i
I a2, B, 9, Wi, ge 11,280 9,030
Il Gl 7,000 4171
il 3, ¥ 2,400 2,847
vV AR 1,500 983

&2 o 13} 9] 70l FFo= A= glo] FoI-E Astel A A4
, T ‘SﬁLEH*JZl 2le] Aol FFstal o] F4¢I72] HlgE Al sigA|S] 4 "Eﬁé& TEEE
on], sPAgPt A2 FA [ Hu Fdo] ZEOo 2 AARo] glo] F4ITS 7 7 1o

27 WAQVIFHIRALN] BSFAATEO FAR Q013) AHEEAS EoE 44

D 54 7k 273994 si9 799 247 #5F 24 4%

O 2R dHe HEAZH AAE Az &5
w48 9 Qo1H)= 71 71daSA1Ael dis <O 4-3>3 2ol Bl

7*}33 T HE S

o o AfelA FEH FFH A2 Foet el PS40 HAIHFY <]
AR 747} 305 km'eh 945 k2 AARe] whet, i Aol F PS4
g gAVEIAE %Z} 0.2449} 0.7560.2 2&

J
}..

© EIAI A0l Agsiel, et b 200 10934 2014
Arie] 97 39eF ARE PAGle] AaEE 2oon (19 4-49)
o] w3

I
=
2
§
2!

m*i"
i
z
ra
-4

52 712 9@is Wyp|H 72 U Huy



(38 4-3) AEE Y A=

L E2E (mm)

900

800

700

600

500

400

300

200

100

0

1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 201 211 221 231 241 251

AlZt

(1=1993 10¥; 255 = 201444 12€)

Haz Afen

2 2t

53



o AR AT TR ] AR AAIA e B4l ARt A|4717 A i
AAWFE (2002), S=rAE-5AF (2005), HiERA] (2009), =rEsigH- (2011)
59 7Fe 7| Et Hay|2 &

o A&7t 374Ee] AAA ((T™ 4-5))

- 200994 &<t SPIgto] —2.0 olste] 24 (extreme)?] 7Fao] 1994 44
(t=7), 19999 29 (t=65), 20008 44 (=79), 2001 5¥ (=922 42}
AT Ao siMHE

= SPI = =-2.09] A7|7} Sl 7Hg 2702k M 7ete o ThestA

]-Z Hl-/\ﬂ S 74 o7 gy

- 20018 59ofli= SPI = -3.00= AUA|A 22, dFst] o= 7heol B

- FolH} 20099 Eoll A427F 12 ER= e @4l tieire T<es]

*1:‘21* & 7he A= A%

o 21&7|7 67hge] A4 (O™ 4-6))
— SPI AFae Fehaol 7R A717E 19964 29 (=29)7 20099 29 (=185)<]
271 S Aoz SN
- o] = AL nE Sk A AL mjelt Egst ATt & g
o, 20099 290l sig-gde] #5227t dE A Ee SPI ghe Edi=
ek

- o el 7] 0 e oA oot h Ak ) T

54 JtE EE WPIE 1E U YN R0 St A7



PEW B2 712G AP 257

(ad 4-5) IHE %7

3—month SPI (=1.5 = Severe; —2.0 = Extreme)

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
-0.5
-1.0
-1.5
-2.0

AL

|2t 22| SPI AIAIE A=

-2.5
-3.0
-3.5

7,-2.3

(ad 4-6) 671E 2157

6—month SPI (—1.5 = Severe; —2.0 = Extreme)

3.5
3.0
25
2.0
1.5
1.0
0.5
0.0

05 1

-1.0

-5

-2.0

2.5

3.0

3.5

13/ pA gd) 41 B 6171 I

|

| ‘
1 191°111 121 §311

i

Time

(1=0ct. 1993; 255 = Dec. 2014)

2t 29| SPI AIAIE A=

|

)
-\-!\
|

31 161 1714481 @9

-
2214 237 Qaa X%

29,-2.0

95,-1.9

Time

185, -2.0

(1=0ct. 1993; 255 = Dec.

Hay AIE A

2014)

2 2t

55



O E4 SPI 0 siEkl= d47| R =2 24 21t
o & 712 7HE x| thal] 7P HTol MAE AlRE )l
~ 1.5 < SPI < -2.09] AZk3t 7H2: 2013~2014 ZH4=7)of urAy
- SPI < -2.09] =9l & 2008~2009 Z<=7]o] BHAY
o 7} Ade]] Keloks IRe] I fEF AAE ARE A e T
g AIAR] (WAMIS)S Foll e 5 (O 4-7at o] AZRt 7kaat

1=}
39 7% 2NN PFW BEGAY 4EF REFS =5

o £ 71 A ZASS A2 e ®R, 1097 39 o]Fo] $Eu

SPI = 1.59] Z+47| AH9| AT (20134 102 120oflM 201449 5& 31Y)
SPI = 2.09] Z47| 29| |2 (2008 102 120l 200949 52 31Y)

o oer| i Inov il DEC AN sl maR| AR

el

0
1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 201 211 221 231 241
A ZF (1=102 1Y; 243 = 52 31Y)
= S- e = =2 = =
56 712 9@is TP 12 U A 0| s A7



2) B3 7H 2994 S5A9 BAEs ol8HsF 24 A%

O H Z2] Y E+SEAIE 2T 2Yo| HEY
o GRDM2: Lee ] (2012) #7F oFz} ohA gt o2 koA ARflA+
A FEH FeAl el dis] Aol 284 vh Jlew, & AtolA

25 PAIE i B9 AFEe] ddE nAA g

o & Aol F Ho] et ko HRAS LA ¢+

O AfHSFSR|2| S8+ 0|187tsT 29| Zif

o 671 SPIZ} — 1.59] ShgE A2 1R 2219 55 tfEgS Y
BYRS W A4A) B4 A Ak A 48
- 1097 39 ool o WFV} BT WHF FUFol 1S
- 1190 ol 2971 el §2Jego] Azl BAAOR 497} T
B A2 AFehe SRS ohYlS (B A5 AR YA 8)
- ARHOR AZIR 74 2212 ol A4St olF ] S4TAAE 4TS

74 e 7o BAEgon], oFY JUT Brb} B3

(ad 4-8) et 7t 220M MA| 24| oM 2t

(m2/2) 249 2E9l felg 247 o4z R EL"\‘ — K —  atzaws ‘
3,200,000 680 100%

2,400,000 675

1,600,000 670

800,000 665

0 660
0 50 100 150 200 0 50 100 150 200

AlZE (0=10% 12: 242 = 122 31) AlZE (0=10%1 1: 242 = 128 31Y)

(a) S M o2 WE (b) A4:9] st 2 2% A

M4 AT 28 21t 57



0 674 SPI7} 2,00 ShgEie FAle 7HE 20| §EeF THEGHS e
BOFE ) A4 B4A S Bk (IF 4-9)
- A2 b 2N mo Auet A e ATE 9L
- 47) 291 10858 23] 79 WAsHA 97
WA Jashe o5 MRS A8 A %S
- Akt 19 2ol 0|27 | 5917k A%9e] 7PA917] e, 5917}
) Sissle 38 W 5 2 olge] 47 50%9] A% A 49

F £ 27 9ol 49 27 A4 BgRoR

(a3 4-9) ST JkE UM Aea| 254 siA 2t

(m¥/ ) HrBAS

2471 25 R Q?JIOHFE‘.‘JH%‘ ELm ‘ — A 29 ‘

680 100%

3,200,000
2,400,000 675

1,600,000 670

800,000 665
. N
L W et e L
0%

0
0 50 100 150 200 0 50 100 150 200
A|Zh (0=10% 19: 242 = 127 319) AlZh (0=102 19; 242 = 128 31Y)

(@) QU0 2 oLz HiE (b) A2 Ha L |~ A[St

o 6784 SPI7} —2.0011 SgEle ZAlG 712 270 $E5FF EFES Y9

RO W F5A9E A8 ol87hs A 2k (

- 1 ZelA 3% WA 50%2] Fride AR
TEde Al 52 fe] 4 FA%] &

- FaE Aol olfolRlE Wl FAd I3 F4AY
4-10@) ek <19 4-10dp): ¥lxa] =87} 2 B ofet B %4011
et SFLT} Eob AP TEEE S
T ol87Fse 49 AsHd

*%
o
1
i1
>
H‘1 o
HF

gk

0

i
z
ra
-4

58 7t o= WPY & U WA



- e ARIo] oIl o} F4A9 1] A (1 4-100)): 5
§4] thet OFErh 2] ) ¢ AR of6-gege] vlwa ]
of 9] W] #H5:3g0] AREIElek o grksaFe] Aok ek e

- A5 Ao] o)l W F4AY IS A (I 4-100)): ol

A e S0l AR st o8l TR E30l 971 vl

ol
>
s
oo
N
Jr
ol
o
ol
rlo
N®)
S
S
&
>
S
S
Ne)
ot
i
\u)
N
ol
)
ful

= o
Aol A2 B o7 (o2 2], 2009)9] ZfolE & A 4
0]o O oF 0] o

(33 4-10) St 7ks 2A0M 27| S S+AI932| LEHY E01871sF

Ql

m/Y | —le— EHIE  —2— NUNRESE  —3— 8401875y m/2 ‘ —l— YSUIZT —2— NYYLEIFT  —3— Sr0ISN5Y
40,000 40,000
—_——1 1—
35,000 ] 35,000
1
30,000 30,000
25,000 EL 25,000
20,000 20,000
15,000 15,000
3 3 2y, | 3 10,000
10,000 _.2—.2:( 3 H= . . 1 1 L
5,000 = 2 5,000 _2‘3_2‘3:f3 3 e ) 3
0 0
0 50 100 150 200 0 50 100 150 200
AlZH (0=102 1<: 242 = 128 312) AlZH (0=10% 19: 242 = 128 31Y)
aA7|AH oA
(@ =219 | (b) 2=A19 I
myY | —l— BBUBT —2— AYYLE BT —3— 0I5 m¥/Y ’ —l— FSYIZT —2— NUNPEBZ  —3— 8401875
40,000 40,000
35,000 35,000
30,000 30,000
25,000 25,000
20,000 20,000
15,000 15,000
— 1 1
10,000 - 10,000 _\ 1
1. 1 \ 1 1
b N 3 b— —
5,000 - . ! P 5,000 3 —_,
0 3! — g ——2 2
0 50 100 150 200 0 50 100 150 200
AlZH (0=102 19: 242 = 122 31¥) AlZH (0=102 1¥; 242 = 122 31Y)
A7 oA
(0 =21 Il (d) 22A1Y IV

M4 M g Znt 59



3. £2E4d I &y

0 25A9E 84 0|87+s3 +29| H|uw
Sgel 72 24 B4 12 A9 2
= & AolE B

o (19 4-11)3} Zo]
ol 14 oA 3¢ Tk A
A9 of2] ofZdef e} egEtd A=

7tE 240IM 4

.
S =1
ackzo|
Iy T

a" 4-11)
AUBS 428 JU8S 018 HU84 428
AZH (0=10" 1Y; 242 = 12& 31¥)
(b) Z4A1% 1

3584 olg7eE
AZF (0=102 1¥; 242 = 12& 31Y)

(@ =249 |

(m?/ )
ocT
AlZE (0=10€ 1Y; 242 = 12€ 31¥)

d) 2419 v

At (1o 12 24— 128 51%)
(©) 2HAY I
0 =A9E 254 It Zat
o (1% 4-11>0fl AXE AAF Vg2l e] =229 7hax2dolA g
TG (B34 ~ E3-609 THE oldd LE2EAS dU9IE AR
o (F 4-6) T2 ATE 2 5 A
- d2X, F5AG 9] 1Y &, i =1, j=4)° iRt BFF GIRIH, 25
&, BHEE/T B9t 84F e ofd A Zol AHE
R

=

60 712 93z TP 1=



= 100

P, = 29,600 (1)

122

= Mdylt] = 0+ - +0+d,[121]+d,,[122] = 2 (YD)

t=92

122 122
=100 5 {dy, [t] < Qtl/ @Y/ D d,lt]
t=92 t=92
100 ’ . 1

e+ Q) o {9,796.4+8,438.7)
20! 2 10,052.0

=90.7 @) @1

s

(B 4-6) M9 Chez|e] STl 7tE 20N 228 =254 &4 Zut

r

e
E|'¢ LEEN |:|-o|
29 -e =T' | OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY
1| %2 | j=3 | j=4 | j=5 | j=6 | j=7 | |8
FEATE;, | HFAF | 0 0 0 | 296|296 | 296 | © 0
I
o =454+ D, | o 0 0 0 2 28 31 0 0
$TTEE R, | % 100 | 100 | 100 | 90.7 | 68.2 | 72.6 | 100 | 100
YIIT E; | HAE | 0 0 0 0 0 0 0 0
II HH ZolA o]
_, | ETEET D, 0 0 0 0 0 0 0 0
=
$TTEE R, | % 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
FIITE; | A | 0 0 0 58 | 58 | 58 | 58 0
IH o H ZolA
s | ETEET D, | 2 0 0 0 2 28 31 0 0
=
ST EE R, | % 100 | 100 | 100 | 886 | 68.3 | 729 | 100 | 100
FIAT E; | AB | 0 0 0 | 116 | 116 | 116 | 0 0
IV O3 ZolA
g | ETEST D, | 2 0 0 0 2 28 31 0 0
=

BT EE B, | % 100 100 100 | 86.6 | 58.6 | 64.5 100 100

M MHHT 8 21t 61



=21 fid
52 WA, 2 Aolit 71E JRwE Fugge] 150 elle
ng FUsEy A3 os HQle =] diet msids YA

o EfEA] (2009)°llA] AAISE 2008-2009 7HEAFERQ] T AL At T4
= 3 WA Ha A AAE msita 7k, £ e FRA
it msiet & o Qe A E% v sfef galA AR A msfe] o
- QAL msio: 302789] o] iRt RS AAlE 24 @%@i
7t dsaele 7Rt v 4] 7 el & sl A
T “ole] 7HEEES Flsl Aldet S Ao A Al gae o]
EAE o] e, o] FEE2 FUAL
2 Aol A A
- AR mjeel: A meip e iR BAfe| STt 24
- AR FH*JX]PJ 2008-2009d 7}%0% ] ZAFRRO) st Z2n
Z mefjole 2 30989 of Pt Aoz mied ((E 4-7) F1)

o
=

ik
=l _l
ofy
_\::l‘
i
r
rid
O
El
=
N
—
el
o[-
2

R

(E 4-7) E{HHA| 7kZ48A (2009) 2RE ARAIE & FLUS ToHAY

7= oSS o= ()
HAHALE A 03] AR WA 30,118,656,711
A S]F gufju] E= wEH] 832,702,500
ERETITEY 2,172,659,933
Qglazome 616,657,020
WA B aAHE 3,124,064,664
27} Fpan g 196,934,468
27} A7|Hg 297,608,527
SRASE B Az = 91,393,072
PREREEEY 920,646,334
ER =R 385,422,011
n3) 3= 712 129,723,947
9 sdad 37t 167,174,007
Jg*rg_,}_ui— oJ5t 2}akg2]H] 470,083,093
§eRa = 1ojH| 270,704,725
ERET L uqoﬂon 39,794,431,012

ke

0

i
z
ra
-4

62 7t oBlE WP 75 U MU



:I'L

[e] S
o 1 O/\] %’T?l

Gl

£ Bz, 919 39894

o EA] (2009) 7HEHiA]

51,285%0] 123 &t Hat2lor 73.3%9] 84

g <F 776,0009 (39,794,431,012¢/51,285%)]]

el

775,9479/7/123)0]

6,300¢ (

oF
o}

ol 19 e g A

/78/4/(100-73.3)%A

ol
i

A1 ohet 172999

]

[e]
.

1

a
= (=6,309

=z
-

, o]

il

(e}

l

AEol

A
—

b 77 Ak

)

¢

R T e

@ 5

B, (3, D, (D, B, WY A, FN0Z o

217}

(4.2)

Cy; = kx(100— R;;) X E; X D,

r
—

- 471, k

=
=

A2 e

I
o

o Fok4 Bk WA

® 4-8

At <

9
o8

N
i

oH

oA ArITA1 2

o]
2

150

o|J
HH

ojn

Hag ARG A48 Zat



=8
100
100
100
100

j

SRk

=7
100
100
5.8
100
100

j

j=6
29.6
31
72.6
4.3
100
5.8
31
72.9
0.8
11.6
31
64.5
2.2
7.4

&l

6

FEB | MAR | APR | MAY
5

j

28
68.2
28
58.6
2.3
1.1
o)

29.6
4.5
100
5.8
28

68.3
0.9
11.6

]
H=2

4

JAN
29.6
90.7
0.09
100
5.8
88.6
0.02
11.6
86.6
0.05
0.17

j

=3
100
100
100
100

j

2 718 A7

2
o LandScan™ ver. 12009 ¢172| &

100
100
100
100

j

Al O
a—

kAR 75

4

1
S
=
=
K}

OCT | NOV | DEC

j

100
100
100
100

&

Al

al

=
1o
=t

°

s

gl

%

%

%

%

s

=
=

dl

shd, ol

o

6

7VFEZ70A 290l 7 A8 =T} 7}
/g‘

THAK

5

qd
3]

=1
|

f

= o
O

d o

=E
A
a

A

4 4

I

8453% R,
o

A
e R;
BT EE R

BT EE R

=

A (I8 4-1299 22 7 fd= A=

38R el

—_L
=

K

—aA
=31
A9
i=1
i=2
i=3
i=4
.S
—d

oA

o

3717

LI
o

3

[=!

3]

(=]

712 9l

64



(O™ 4-12)

(a) 109] 712 2B (£ 0 Al2)

(b) 119 7[2 9&E (£ 0 AY)

Q) 420 7k2 B (0 &)

(h) 589| 712 I (0 4o

2 sy HLA
m o

.

Wi BA9 3

H4% AT HE Zat

65




o & e ThEEok A oA ofsigAAbE ] Al Bl Al 714

=~
AR ARES Aet 4 ke 718 FHE W7 NS AN BER
- oI5 Ffsl olA (& 4-9¥ Z2 vl 7HA M HEE @1Her A
(H 4-9) (§M 2383 7I5 fid= ToF SEE 2 U
xRy wegel By WHE MY e bl
Hge Ag vetas B 28 A W]
Jut 712 ol ]
A 7R S Az e sids Aw A ]
WA 918 ZRUFe) AE
A spolite] det 52 A3 ]
"ol A%l 7K F18e] B3 | 54 7He 200l We Akl BA 9Es |

Hol QP A 29 A% s 4%

=99l 714821 (underlying risk factors)ol]

T RO TESE | gy ojohg Azel Aol v gt Ade] | )
E_]—T’]'X—:;-io/] ]EE%J’ 5 U2 F=ER 3

APl AR

i - Azpejale] w3t s ]

o AR|AF Bxel 2AZ W, +5E 7he ke FIPIHS AR

=
Bagel QloiAl chemt g Fsde I 4 S

i
MO
ur
ilo

ol

0 2= E7t Y2 7= Dlsi#2E Hoehs Mo =82 AISE = UAS

o 5~7def g ¥ A A 4= Qle AR el s ARtV
7

=
\:laz_\_qHE ?:11 o%

ﬂll

o Akt AN AHBA S5 o] FSo] 150219 OVJPJ A1l
2

woE2 lisiof dheke

£

66 7i2 9EE TPl 72 U YUY B0 23 A7



olo

[e]
TS &

9|

e 7HE AN AA] T

oA

o
o

& dez)7]

=]
OHt

712 5

ojn

id

Wt ok 2o

7k FA7HAdo] AEE R R 7hE 15

(o]
a4

TollA 3

14

©

ol

Ay

vl

2
T

%“{l\_

7

al

2 4 7kE =

o

oy

L

O 2

-

__o_“_
X

o
__o_ﬂ
o

73409 I 344

9|

1
(17 4-13)3} o] AFA o= AN

Tod
0
<0

Nlo

]_

Q1 7hgo] WAA 2903} 3%

a

X
|
e

13
=

o At} Azgeiatol

Ef2

=
=

of

2% 7[320l0] 0

L e ni

!
oF

S}l

o] 715

=g
=

24
ZH

- (I 4198k Zo| Tt B4 2] of

s

2 24

SKe)
=2

X

M4 AT Mg Zit



o ARG 7Tl Yot ZRETIsIzE SeEel el kol WAt (1
1D O S HE Febd Yokl e A 9 Lokl
- 27} 498 RS A7) B45 Be) QEHo R skl Hae

Ao} §APeulo] vla] FEF AL TS GA T KAl B
- A, A4 TRl tiE B9 mejgsijalo] st
- g Sol, TYATL FAoE AR AL AL Pl
BREA 24 §533S BEE Ul 948 AT
58492 Aashe Wt T1e)3 Bel BEA 5

o
Mg 31290 Heto] s gjulgo] Wl wukolet HHE

F4 12|

o AAE

Ere | BEUGRE | AGYRECRY | Bl ab l\_

B48 | ¥SYolEE | AWNEoiRy | golg gy | yWNRFuI3  elug
g42 | WEUoRE | AMwesciy | golened | wARIFUIE a4
g48 | WSYRE | AgysEoiny | solg Esy | / A RanE ss

68 73 YE: WP 7& U HuA

e

0

i
z
ra
-4









9]

|

T

Ae] QHdE

—

ot

o]

7hael o

2o
=

8 g

H

e

].

H
ot

T

71 &

- Zklo] AfthE R @ AREitky Qe Ala Bl

(@)

1. B AAY

X

o]
o

I

i

K

o=

Z]
A

B (I9 5-D} go] M=

=

=

o]

g

=17
=

2] 7Bl F
- A2 A2 AR
o] AA

l

E

I 7158

Z10
=i

(a3 5-1) d=

2,222,000

10

HEI4= @A)

EEEHTE

A2 K-water H2AZ

M

Ay 2



72

0 ISl 71 AVl B AT 23S
- 30, 7|5t 7] AR B4o) o el Feky SBAMol
Ho} A3t (normal extremes)=al 7] HEY (FUshAH2] 93],
2010; =rd&7d¥ehg, 2011)
AR Z47] o] SRS vs RHolrle Aow Add
- O Mot FUR AA7ITIA 7he2 B AdsinkE At THAd

A EE 7he2 o A ASH] de |

EAES SEAR] 7R 2 =EE s

o] ZAIES] FAFEAEE () 7FaHIE 10 oWjo] oA 2fpigo]
A7 adTE AVde] ofE Rt ohdRt, (i) 12} AT EE ATt
CAZ 287t woH, (i) HRH F508 g4 aaido] Blud

w2ow (iv) ¢ 7ol muof HYA] thAl 8 SHE 2] 4, (v)

Q1 z]2pA2] ZAAA 714 (fragility) = At 02 Yo} wsii A E

=2 5 U BT 2= Aol 9 (o2 HhE)F, 2011)

- A, 71E o= Qlel 84 o8/ o] YRt T O Aottt ALS]
of op|Els Ao WARG A o A4 & s

- IA SR A of RIS w3 4 gl AR AE]R Wl

Aol S, =7 A ol e et 9=, 72, Bl == Gke

- Zolke]ol it =7ke] St AJE9] oAgre] FTIEHA, S}

IS IEE WY 72 U YU

o=

e

0

i
z
ra
-4



|==3
=

T AH7E 37

(WMO$£t UNCCD, 2012)

& o g PR L« il T =
= ®O % mw 0 __bw oy L ME N mw___ 5%
N =1 o KFoor = K o ]
03 I 5 <} - Tor %o | o <k
X ~o — [ . (TN ol 0 L
o o R ap  =° % = g0 == o
L o ol ol 7o ol - <
X lo |0 B KO o <k I N =
T oK™= o Wy -
: T ExNBEE o 517
Br ™N a e = < ) ~ N
o e 2R Lol Txaw d
[y —— J 0 T N — s
p T piiriE FEELE
% o %.L ol it > <M <F hA_/r Wﬁ e Lo._ﬂ ,_ml.m ot
<k Foe B o T m & & oF
X = ToH 1
o R T L T i
CRECTRS 0o Mo © AN To o
N o o+ B K o= 4 P O L
T LR kLN by ¥ i
NoL X g o) oE o| ° D ol i
,.W_OH 0 ,_ﬂnﬂ o ‘mw m,h ‘m_,_w o o m_x ) _H_O ‘Oliﬂ e ﬂ_l
BEFERE I® -z @on T OB R oo
[ = T B DN g =T T M UG
L - R ~ O o o wo B gl
T o E g B ow X ogp W i b R
Ty R WX B oo Rl s o H
layy o .
Al M Bk R oo B S ONW o=
CE - N W ot m X oo
< ~ Al o
R ~ o H «H
Tep bl o mezT TG FE U S
mE oW o= BN NH w% <F udw o P L = o
—_— [ ﬂA' 1jo 0
LIRS IR R
Nl & Hoo X N KT oF
> o w T wow 0T

g2 BrlolH, 2540
A5z #=2 73

o

1

0] 587

avfe} 4]

T

1—

9

SFH, o] o

g w2

O



(a3 5-2) AHULH S 205t 7HE = WOt YHES| 28
YT TS (m| R A=W |m RR9R AR YE (m ARdEY B AR
o2 — 4 2ol
A £ MR <22 A0% | |- A9 928 8 o .
o +Jv]—f]- A9 ;ﬁq Aoz F7HY . ARgA Sze] Wi} + 342 AR 1 Agast
PSRgTo A as | |- aseTe 24 B e o O FHE
ANE F7h1e9 e Srles 25
EERE = 4

8 29 4 5 BT LAULL A Aol ZETolok

o Ateliope] Ae=7l=2 A5 o] 1ekE AYF 1A Agks 19
SF o1x|of wiet B A=Re 9sks] L& (Hiroki, 2012)

o2 o ol BAP} =7] Q== “sa’st

o
=
ot
LT
2L
o
K
N
%
5“:
b
2
I
o
.,d

- ol 1S 5~74ol TR AL IR FET ASG Sz
2o AFHOE o7} WA UL e

o Aot 1 HE AL TAC L el olEd 4 gln

74 712 oz Wil 12 U MU

gk

0

i
z
ra
-4



- TP leo] Aok Bkl e 1Y 7Haoll thet 719 T
71 ASshe Hole 71edos =52 & gl 844 (irreducible
uncertainty)©ll 2HsHA #
— Lee$} Park (2010), o2t vF8]7 (2011)oflA =2t AAH, ALe] 3414
QAET 7V 84S0 B o Bl AV8Rke] A "k
o] 52 EAIZE obd "o g} (ambiguity)” 2] EAo GHI
- olol EWRES A% 2ol YEH R dif AVE8RES S Hrkd
AAE0E 0 HaEdS Hob7] % (Gleick, 2003; Lee €|, 2012)
S5 19T 7haoll igh Ak =2 Bl 7 (robustness) 2t
o] Hie s welees S 4 Sl softdh Hetido] Ha
- &, 19gFol wolrt Aok FSEA] GEF A B aS

2] SHslHER], 9389l = ALS)AAIA Hobge

rt

~

1o

= ot Ao, ATl E THETEE FHLR A sk
su°ol ootes B 2 BEE 2, 2543 2l A
]

HlARE S vt At

o 71| EAe] uket AstEl FAete] Tjs) Aol Asfe CE 5-1>9

2ol 2ok % 9IS

0 57 SR SAREE Ao Bt} ShEnkd 2 Aol
FEE 71 GEE BAAEE A B4 kAR e Agshs

tﬂ /\]’Ij'o}- E 7\-"_1__01- 2~ (;)}\_‘% 71 0]

sz z#z 75



ForuE 24 S| et
TE | gae ez @k 49D | 3949 A1 22 (4o 299
5§ | 5a 2ad A48 i AAEEe) A w9l s
WA | A Bean ERTEENE SR RE vy
ey Ry #zdc
- 7] 2oh A SRS SR | - SRl W ARe 24 Aslel
g 93 EE 54 0 A Aol Wy
_ - B A A
ore e - £ 44 e ok
— 91717z}l o] 0] Wl A1z
PP TR R AP oo woperst 2 A 29
[e]
A F47) Saveldd Sa 44
T - HAES BY 5 A0S Hor
o <
(113 )
- 20148 9 BUHY 29
- 2}, A, ok FhgdalAe)
ESS|
- sledl g 2%, £9,
ERAERT:
- B5a o ZRaw o 5
2. 3 94

76

o The AIAEleR Del, 71Ee] SiRlns Wl ANEAAST ST
stele @l ofs] nEE Al @ 4 9ke

0 2 AT ofds] 7Ms4 Kb 2% 70| Wage o wol wad
2 q9ke

0 olo], AR 5|0), AnAete] Ge, P ARele] G ER, Lkl

AE 5 OzHos 25 AT 32 wEGLA ATES

tE SlEE MY S 2 3

iy
fuiok

0

i
z
ra
-4



4O 7He S1EE AHES A Psh] ol HFFA R vt
FEASo] Wast Aoz HAAHYS

FIO =
re —|—4

do
_O‘L
iﬁ
[0
N
(o]
il
1o,
=)
oT
ko
o,
A
.
>
5
S
v
Mo
e T
N
=2
rr
)
2

M=ZE L= R 90N 2l 87t g1 (324 &5 AMEd:

5
o AdAE =7 MY WHgshr] flsl =7t 22 Hot i

2 Ao 94e9] we nFAA 24}

T~

0 AR §4HEY Wt ohjet it thEAY §5EEA S 2

0 E5|, A SQRE Shasl Aol it TR el tig 2]
44 ozE AE

HURE E= RS SF0IM ASEAHA 71 HES Slot AL |2 A1 (3L4:

S Aed: =2

o SPL AAG Ak BAuE 54 AZelA 7he] A71E S48 (@
N2 MR, 3R T MR SRS Bk RS AER
- 3 AT SPLAAIE A2 BN BEH g el s ko R

67 do] Aty mE =

o 67l A&7l tiek 72 e wel s il = gle
- 5, el Aot 23Eet Aok o ARlAIA ThEe] WS Hle

25 o)

ATE A G99 AFSTEAT AT tet g
fhRelos sffet] Qs 7t

foldz choke A71700] tigh SPLAAG 14 ATie} hEna|2e

wliale] s felel Agd A47)0g 247 2AaoF g

sz z#z 77



AE AUEIRE 7hE SR MY (BRd: &5 AMEd: &)

ox,
o2
i)
sl
m,
=
)
ret
offt
)
Am
ox,
Mo
?F
?

il
%

T,

)
>
N,
0,

e olrzzlolq Al Aridle Aesl] S8, o] 2Ee
3t tekst A9 E 3] 7R YL S Aitel= Zlo] WA

0 7} F5AGY SIHE 714215 PAE e AThS Tt
SEL B} pae Fol ankE AFste, oAl olsheAET B

7} AR +87k e RASK SO AMAY S F B0

0 20oM 20ISS THSIEkD 22te] TRIYIZE A5 (ZR4: B2, AlZY: 59)

0 MEZAE AAFR M) AA| 7HE WS Aol AT FUE
of el ALslA - AAA 2w wstazke] A ek BALA

o w3l At WAl folak ok age Aoleka, ok A <19
anael A7 AE

0
s

O Bt 2HEs0| tist B &l (324 S, Algd
o) ;(]71—1—41114/\1—_,] /\]Lﬂ;(] EE—]?] H—aﬁ E X220 _4 QA
7her Sk URES] S

2
<
i&
n
i

d

e

78 712 oEE WM 72 Y FUY

0

i
z
ra
-4



REFERENCE

AXTER 2002, 7FE7|ZZAF HIA,

7[R EPY HA)AE] (WAMIS). http:/Awy.wamis.go.kr/

ZsAgksel 2010, GIS7|EE 7| SH3) AL L AR} uiel shAE
AT, 2011, - 7)1 SHE WF BA,

IEATLY 2012, 7|5 HSH AL LA ZAHROE AL FLES[ORE.

FESJOFE. 2011, ALY ER AL

A9, A, R, 7R3 2011 71 He) oS Bk A At SEATY.

47, ZAE, £ 2014, ROPs AU A4S ol 5t s 24l

A Fed 9= FHOE. URIESRSHS|Z] 34(4): 1125-1138.
o2, BI5|7. 2011, At A B 2AT0] A BEE At B8

7| S /3t geFol B AE. Aok ala)A] 25(3): 293-305.

<, 8157, 2000. 71F $st the-& fIgt At A A8 o] Fed:
2008-2009 *FEH 4= Algh ARl A Aok ete]7] 23(5): 583-59.

o]@d7. 2014. E8MIA T3-S ¢t RCD 41 (Risk-Cost-Decentralization Curve) 7]5H]
=om Al2E ke 23 T E R AARRH = KAIST.

FYorduElsielal. 2000, 7|9t thg v A e SRS

AFEE 012 KAIST 71958} 23 Al o83t 257] 55 FeHd 37k vk
=5 KAIST.

EfjElA] 2009, 7HEHEA],

S AFEAL 2005, 7HE T HUETY A4 H HalA.

SHLPAAFAL 2014, LT AR

SR, 2013, 2012 AALESA.




Asian Development Bank (ADB) and Asia—Pacific Water Forum (APWEF). 2013.
Asian Water Development Outlook 2013 Measuring Water Security in Asian
and the Pacific. Metro Manila: Asian Development Bank.

Budhendra B., Bright E., Coleman P., Urban M. 2007. LandScan USA: a
high-resolution geospatial and temporal modeling approach for population
distribution and dynamics. Geofournal 69: 103-117.

Bureau for Crisis Prevention and Recovery (BCPR). 2004. Redlucing Disaster Risk:
a Challenger tor Development, UNDP Global Report. NY: United Nations
Development Programme.

Cha D., Lee S., Park H. 2012. Investigating the vulnerability of dry—season water
supplies to climate change: using the Gwangdong Reservoir Drought
Management Model. Warer Resources Management 26(14): 4183-4201.

Dilley M., Chen R.S., Deichmann U., Lerner-Lam A.L., Arnold M., Agwe J., Buys
P., Kjekstad O., Lyon B., Yetman G. 2005. Natural Disaster Hotspots. a
Global Risk Analysis. Washington DC: The World Bank.

Engle N.L. 2011. Adaptive capacity and its assessment. Global Environmental Change
211 647-656.

Gleick P.H. 2003. Global freshwater resources: soft—path solutions for the 21st century.
Science 302: 1524-1528.

Gibbs W.J., Maher J.V. 1967. Rainfall Deciles as Drought Indicators. Bureau of
Meteorology Bulletin 48. Melbourne: Commonwealth

Hamdy A., Trisorio-Liuzzi G. 2008. Drought planning and drought mitigation
measures in the Mediterranean region. In: Lopez—Francos A. (ed.). Drought
Management: Scientific and Technological Innovations. Zaragoza : CIHEAM
(Options Méditerranéennes : Série A. Séminaires Méditerranéens; n. 80).

Hinkel J. 2011. Indicators of vulnerability and adaptive capacity: towards a clarification
of the science policy interface. Global Environmental Change 21: 198 -208.

fon
]

80 Ji2 A= WPIY 13 U UN B B3t A7

—

Ml
r



Hiroki K. 2012. Straregies for Managing Low—probability, High—impact Events.
Washington DC: The World Bank.

International Centre for Hazard Assessment and Risk Management ICHARM). 2013.
Technical Assistance tor Supporting Investments in Water—related Disaster
Management, Main Volume. Metro Manila: Asian Development Bank.

International Hydrological Programme (IHP). 2012. Warer Security: Responses to
Local. Regional and Global Challenges: Strategic Plan IHP-VIII (2014-2021).
Geneva: UNESCO.

Knutson CL., Hayes M.J., Phillips T. 1998. How to Reduce Drought Risk, Preparedhness
and Mitigation. Lincoln, Neb.: Western Drought Coordination Council.

Kogan F.N. 1995. Application of vegetation index and brightness temperature for
drought detection. Adv. Space Res. 15: 91-100.

Lee S., Okazumi T., Kwak Y. 2015a. Possibilities and challenges in the development
of the global flood risk indicator at the post—2015 processes perspective: a
preliminary study. Warer Policy 17(2): 208-227.

Lee S., Okazumi T., Kwak Y., Takeuchi K. 2015b. Vulnerability proxy selection
and risk calculation formula for global flood risk assessment: a preliminary
study. Warter Policy 17(1): 8-25.

Lee S., Park H. 2010. Transition of water demand and treatment plant overcapacity:
a case study of the Seoul Metropolitan City, Korea. Warer Science & Technology
61(12): 3129-3140.

Lee S., Suhaimi A.-T., Park H. 2012. Lessons from water scarcity of the 20082009
Gwangdong reservoir: needs to address drought management with the
adaptiveness concept. Aquatic Sciences 14: 213-227.

Lee S., Vink K. 2015. Assessing the vulnerability of different age groups regarding
flood fatalities: case study in the Philippines. Water Policy [in print].
McKee T.B., Doesken N.J., Kleist J. 1993. The relationship of drought frequency and

duration to time scales. 7he 8th Cont. Appl. Clim. 17-22 Jan. Anaheim, CA.



O'Keefe P., Westgate K., Wisner B. 1976. Taking the naturalness out of natural
disasters. Nature 260: 566—-567.

Okazumi T., Lee S., Kwak Y. Gusyev M., Kuribayashi, N. Yasuda, Sawano H.
2014. Global water—related disaster risk indicators assessing real phenomena
of flood disasters: think locally, act globally. In: The Global Facility for Disaster
Reduction and Recovery (ed.) Understanding Risk in an Evolving World —
Emerging Best Practices in Natural Disaster Risk Assessment. The World Bank,
Washington DC, USA. pp. 107-111.

Pahl-Wostl C. 2007. Transitions towards adaptive management of water facing
climate and global change. Water Resources Management 21:49—62.
Palmer W.C. 1965. Meteorological Drought. Technical Paper 45: 1-58. US Dep.

Commer./Weather Bur.

Peduzzi P., Dao H., Herold C., Mouton E. 2009. Assessing global exposure and
vulnerability towards natural hazards: the disaster risk index. Natural Hazards
and FEarth System Sciences 9. 1149-1159.

Pulwarty R.S., Sivakumar M.V.K. 2014. Information systems in a changing climate:
Early warnings and drought risk management. Weather and Climate Extremes
30 14-21.

Rossi G., Castiglione L. 2011. Towards guidelines for drought preparedness and
mitigation planning within EU water policy. European Water 36: 37-51.

Sawano H., Lee S. 2014. Report of Side Event 3. Water—Related Disaster Risk
Information for Risk Reduction. Submitted to the 6th Asian Ministerial
Conference on Disaster Risk Reduction. UNISDR and Government of Thailand,
22-26 June, Bangkok.

Scientific and Technical Advisory Group. 2013. Using Science for Disaster Risk
Reduction. Geneva: UNISDR.

Shahid S., Behrawan H. 2008. Drought risk assessment in the western part of
Bangladesh. Natural Hazards 46:391-413.

fon
3]

82 7i2 SEs WPIY 12 U YA B Vet 97

—

Ml
r



Shiau J.T., Hsiao Y.Y. 2012. Water—deficit—based drought risk assessments in Taiwan.
Natural Hazards 64:237-257.

Sullivan C., Vorosmarty C,J., Craswell E., Bunn S., Cline S., Heidecke C., Storeygard
A., Proussevitch A., Douglas E., Bossio D., Gunther D., Giacomello A., O'Regan
D., Meigh ]. 2006. Mapping the Links between Water, Poverty and Food
Security. Report on the Water Indicators Workshop. GWSP Issues in GWS
Research No. 1. Global Water System Project.

UNDP. 2011. Mainstreaming Drought Risk Management. NY: UNDP.

UNDRO. 1979. Natural Disasters and Vulnerability Analysis. Report of Expert Group
Meeting, 9-12 July. Geneva: United Nations.

UNEP. PREVIEW Global Risk Data Platform. http://preview.grid.unep.ch/

UNISDR. Preventionweb http://www.preventionweb.net/

UNISDR. 2007. Hyogo Framework for Action 2005-2015" Building the Resilience
of Nations and Communities to Disasters. Geneva: United Nations.
UNISDR. 2009a. 2009 Global Assessment Report on Disaster Risk Reduction: Risk

and Poverty in a Changing Climate. Geneva: United Nations.
UNISDR. 2009b. UNISDR Teérminology on Disaster Risk Reduction. United Nations.
UNISDR. 2011a. Disaster through a Different Lens. behind Every Eftect, There Is
a Cause. Geneva: United Nations.
UNISDR. 2011b. 2011 Global Assessment Report on Disaster Risk Reduction:
Revealing Risk, Redefining Development. Geneva: United Nations,
UN-Water. 2012. Managing Water under Uncertainty and Risk. UN World Water
Development Report 1V, Volume 1. Geneva: UNESCO, World Water
Development Programme, UN—Water.
Wilhite D.A. 1996. A methodology for drought preparedness. Narural Hazard 13: 229-252.
Wilhite D.A., Pulwarty R. 2005. Drought and Water Crises: Science, Technology,

and Management Issues. CRC Press.



World Meteorological Organization (WMO). 2012. Standardized Precipitation Index:
User Guide. WMO-No. 1090. Geneva.

World Meteorological Organization (WMO), United Nations Convention to Combat
Desertification (UNCCD). 2012. High Level Meeting on National Drought
Policy. Policy Document: National Drought Management Policy. Geneva

Yevjevich V.M. 1967. An Objective Approach to Definitions and Investigations of
Continental Hydrologic Droughts. Hydrological Paper 23, Colorado State Univ.

Zhang Q. Sun P,, 1i J., Xiao M., Singh V.P. 2015. Assessment of drought vulnerability
of the Tarim River basin, Xinjiang, China. 7heoretical Applied Climatology [in print].

fon

84 72 9Es WP 12 U HUH

b

o

180 2

rk

r
ra
-

Ml



SUMMARY

Keywords: Drought Risk Assessment, Socioeconomic Drought, Mitigation,

Disaster Risk Management, Water Scarcity

This study is carried out in order to propose a drought risk assessment
methodology with a focus on the socioeconomic aspect of drought. This
methodology is required to deal with practical questions that a variety of
stakeholder often raise in the course of discussions on mitigation measures: for
instant, (i) whether disastrous situations would occur in some areas of interest;
(ii) which districts should have the highest priority on investment in mitigation
measures; (iii) which measures would be effective to protect residents from
disastrous droughts.

From the above backgrounds, this study first tries to operationally define
basic concepts on drought risk management and mitigation, and then list political
requirements that drought risk assessment will have to satisfy. Building upon
the concepts and political requirements, a methodological framework is suggested
in order to assess hazard, exposure, vulnerability and risk in a theoretically and
practically acceptable manner.

A case study is conducted to understand usefulness of the drought risk
assessment methodology in (i) particularly assessing residents’ suffering from

droughts in a certain area with high dependency on a small-scale dam reservoir.

SUMMARY 85



The case shows a large possibility of the methodology in representing residents’
sufferings very plausibly in terms of the monetary value, i.e., damage costs, in
(ii) clearly identifying the boundary of districts where risk is excessively
concentrated, i.e., drought risk hotspots at the viewpoint of residents” hardship.
Moreover, the methodology is also deemed to be useful to help understanding
the underlying risk factors of those districts, which would result in suggesting
effective mitigation measures tailored to local development situations and various
socioeconomic conditions as well as the capacity of existing water supply systems.

Based all those findings, it is concluded that the proposed methodology is
able to provide policy—makers in charge of drought mitigation with improved
risk information. Besides, the author designs a variety of further studies in order
to overcome current methodological limitations and make use of the

methodological possibility at the country level and at the future perspective.
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0 1029 Z<2% (Gibbs and Maher, 1967)
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O MIA242| Natural Disaster Hotspots (Dilley 2|, 2005)
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UNEP2| PREVIEW Global Risk Data Platform
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(32 A-1) PREVIEW EHE0|MC| &= 718 ==&

Less than 100 ($*1,000/year)
100 - 500 ($*1,000/year)
S00 - 1,000 ($*1,.000/year)
1,000 - 10,000 ($*1,000/vear)
More than 10,000 ($*1,000/vear)
ZA: http://preview.grid.unep.ch/
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Shahid and Behrawan (2008)
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(@) 7r=msi S« B2t
DHI = (MD; » MDy) + (SD; < SDy) + (VSD; x VSDy)

CIPD, + FMR, + PL, + AQ, = IL, = SWHC, = FP, |
o Number of indicators H

oy
DRI = DHI = DVI -,//////

Drought Risk Map

{3-month Time Step)

Z2]: Shahid®} Behrawan (2008)& A3
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O Shiau and Hsiao (2012)

96
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(2% A-3) Shiau®t Hsiao?} AAlGH 7t fIE= E7t 2 & 2t

d) HSELX| 5
(a) 3-month step H & 22 (d) THSHELR|F=
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Drought severity

Z2: Shiau®} Hsiao (2012)5 A1A§

O Zhang 2| (2015)
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(3 A-6) BVHTZHO| SHEO

SUMMARY of the Hyogo Framework for Action 2005-2015:

[I’“ Building the Resilience of Nations and Communities to Disasters

nternational Strategy for Disaster Reduction

Expected outcome, strategic goals and priorities for action 2005-2015

Expected Outcome
The substantial reduction of disaster losses, in lives and in the social,
ic and envil assets of ities and countries.

=

Strategic Goals

The integration of disaster risk reduction into
sustainable development policies and planning.

The development and strengthening of
institutions, mechanisms and capacities to buid

resiience to hazards.

‘The systematic incorporation of risk reduction
‘approaches into the implementation of emergency
preparedness, response and recovery programmes.

=

=

W

Priorities for Action

1. Ensure thal disasterrisk
reduction (DRR) s 2 netional and
alocal proriy witha

strong insttufonal basis for
implementation.

2 Idenify, assess and montor
disaster risk

3.Use knowledge, innovation

early warning.

of safetyand resiience at
alllevels

4. Reduce the underlying risk factors

5. Strengthen disaster s
for eflecive response atall levels.

« DRR institutional mecharisms
(naticnal platforms);
designated responsbiles;

+ DRR part of development
poiicies and planning, sector
wise and mulisector;

« Legisiation 1o support DRR;

« Decentraisation of
respansibillies and resouroes;

« Assessment of human
resources and eapecities;

Key Adtivities

« Risk assessments and maps,
mult-fisk: elaboration and
disseminalion;

 Indicators on DRR

+ Networks across discipines and
regions; dialogue;
« Use of standard DI

« Early warning: people centered:
information systems; publc poicy;

« Scientific and technological
development; data sharing, space-
based earth obsenvation, cimale
modeling and forecasting; early

« Data and siatisical loss infomation;

« Inclusion of DRR into school
cuiculz, formal and infomnal
education;

 Training and learning on DRR:
‘communty level, bocal authorties,
targted sedlors; equal acsess;

+ Resaarch capacity: mull-riek; socio-
‘aconomic; application;

 Infomation shaing and cooperation;

« Sustainable ecosyslems and environmental
management;

« DRR sirategies integrated with climate change
adapiaton;

« Food security for resience;

« DRRintegrated info health Sector and safe hospitas;

« Protection of cilcal pubiic faciites;

« Recovery schemes and social safely-nels;

« Vulnerabilty reduction vilh diversified income options;

« Financial fisk-sharing mechanisms;

« Publi-private pattnership;

« Disaster management capaciles:
policy,technical and nsttutional
capacities;

+ Dialogue, coordination nd
information exchange between
disaster managers and devebopment
seclors;

« Regioral approaches to disaster
response, with isk reducion focus;

« Review and exercise preparedness
and contingeney pians;

« Land use planningand buding codes;
» Rural development plans and DRR.

« Emergency funds;
» Voluntarism and pariicipation.

 Foster poliical commitment; waming;

« Communty partcipation « Regional and emerging risks. « Pubic awareness and media

h 2 b 2 h 2

Cross Cutting Issues.

Mutihazard approach

‘ ‘ Gender perspeciive | ‘ ‘Community and volunteers partiipation ‘ | Capacity buiding & technalogy transfer

goals (including the MDGs).

agreed

Contributing to the

ZX4: UNISDR (2007)
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0 7tE EE gt
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mpolsl A-E7HERt ofyat thfglt oG AAES ols|Al7]E Fo] Tadt
o o]F 9 H, ot e F7HEAMol a7 (ICHARM, 2013)
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AA O] 4= AH

ok 7} (vulnerability assessment): XA 7FEE]sll7 |5 AR A] @21

SAX WAE BEU=, 2254 wsite] IAIE =Eh ddE
HO Arel A A7 a2 A Bt digt A 24 7%
- YA A (risk calculation): &=} ok Bl A7HE Edi=2 /d
T AR SASA7IL ek Al N

./

|
Y :L s
L _1Tﬁ rﬁ:

o 7FEoll tigt Y5 F7HEARE Holl= A &8-S 95l o2 &2
Aredo] tiet AEZF EQ (UNDP, 2011)

(@]
el

W
)

2
1o
4o
ool
H—l
N
N
rg
|
e

_—

A= S 5791 A, B2 FAgle
AZE T iy F2E 4

ol

AL

Q1 A, T R Al 2 4 Qe gelt sl ks et e
o

104 712 o= TPy 72 2 Juy 280 23t 37



(i) AZtHz40] st nQeFH| Z2Y

o WA BYEAL, ARAAGALI W, A WS v 5L Fol
JP= Bt Ao AR el

o Alz|=r} sllAchy, RS Aol Mgl BEsh] BFE R 19

At el gz 2%

(i) MCHa st A

o (EA-DE HBOR T JAAAL A $I) HETFsT Ao

porch
filo
X
o
ol
H‘F
Y
s
ol
ko

sg |+ 93ZWSBAF ML AL o 54 9F 27

A |- Bav ARE SR SAE A - EREA ga B4 AnE
ZH = =

B . e pedlr s me R 99 B9 A7% =9

22 |+ USSYU9A 84FFAA TE o 9BolgAA Sy
Ho . g Bolse St A RAE o w4St A4 A
A

43w e = 9l 2 Ao]

o
oo
fot
Ly
o

Q.
[e) i
Al =2HE At A R AR o ThEell HFE w2 AMiE

n=
o |0 ® 3 5 Alg
o AE HY n2I9 AY
24 Knutson £] (1998); Rossi®} Castiglione (2011)
2= 105



o A o] 2 AAYASL A7AG £24 B YRS BE ol
T el QA el BT 25 aglo] glo] ATHOR T BHS

’

=] o
742 Faal Sl

o ool At A SR Azt it ool A 2jglelrjo] Aokl
A7, B, 714, QAAL o) 8715, BHA, B, B4, WA
S84, ASESk AR Sol 4ue YRES Teld adt e

A

=2 =1
- dIE S0, FRE olFAIAU AHdEEe SHARITHE THEA =75

5

ok

e AR A1 AT AL A

AR Aeie] BC u&e ou Sk

584 Sghel sl ARet duFSe] AT A

- @A) il o] BRG] & RESHE 71

- Gloks 72 sigTidle] ABIAAIA FOHE Zae] Ego] HETR

- (@) fetle] B B2k o2 Aol AES B Fo] gl

- (37874 sigdi®e] kel 53] Flofet 15| HaE & rgsterl

>

0O 83 & 22| Z4F Al=lof| et

&
oR

o 9= H7F 9 AAH HE AE 2 TN Aol WHchs A2 HIYIAE
2% (mainstreaming)©]2f1l 2291, of7]ol= HAAH
gry, AAe 2 24 5 Al 71| Ese] 84" (UNDP, 2011)

—

106 712 Q= TPy 72 2 Huy 280 23t A7



(i) - ZIYAHe| MY

o AYAH (entry point}& AT AL =21 AT 2zl cheh 743
arfHo R 2% & gl A, W% AR 2k 2S o)

o FYHoR wﬁxﬂa Hopeg AAslele 47
oLt RAW Ao Wshe Zlo] AFsin, Mlnd Wole 7] e
Zao) AARle] AZet Agle] LA Ao Ao A

(i) MZcHe| ¢y

o UNDP (011 27178, s
AL wrelal A gt e A

o FTPREIAT thet AdehA vl
- FhEoko] ARIBE S, AR, S, A Hote] Azl
28 AL AT, o] Qe 5, F419), P, oA o] e
Hofo} el 91e
- 7ke AgTile] BAHo R 2L A9le] BRI 71 RYKe
WAJstol, 71 SIS} B PR Fag Alokedo] Hrke A Bap
(B Hopa) Ralvt o] Agthao] vwejslofor Stk 4 B

=
- AEE o] 9SS A Akl AEstes Az e] Adde] Hagh

—_

|
A

Jok
1o
=

107

i



LR
7

o AR Al that e
Adpae sl AL gRlmTelo] dlgl Aelg B}

- AR A Az
o1 19 B0l

18] 38 A9 A B olo] 5 3 B obiel A
2 E8) WEAL ALVl T

- Ao} Aol AZHAS Medske A, AAHAI0] 2ol Hal, AR
FooH FYRAL FATAIA FEA AT Aok ¢

- gito] oA, SRRl ARpe] Asle () 8455 V9 A Gl
1A, Baave) A, 25717147 A, ﬁ—“a;w Asisgre]
A9 5), (i) Ao} 873 AZ) Gl 1A, RS, A
A, BRI D), G A9 554 9 A0 A9 sl
A A9, 41 D 2R A9 A9 ) B Ay

o 2EM FaA] Z7iefalo] ofays} Fisl ofsigAAtE 2] ekt Mele ksl
st ;<4746EL 2~ ol S

_{

5

r

>
ri
)
fj
)
2
)
s

108 712 o= TPl 72 2 HuY 280 23t A7



[F5 4] Al o2l

U

O
ot

HYZAL AR

HY 24 R

- O

o UA: 2015. 5. 3 ~ 5.4 (149}2%)

o B AT S R BT S5 TIAT oleh AL, A §433

=1
29 o7 AH, Mg 19ETY @
19 8 5749 2 §55F A4

SAATA e

A2 A

- EEA]L A, A

- S EAA el @
- IYFT: Al FAE A, AT g g,

=

<]

At AI-I_

o
(A3 A-7) S A=Al (IR AHAl SRIE S21%)

i

109



(O3 A-8) 3H 53 (RIA1: &fAAl

(33 A-9) MOFH7IAE (IR EfHHA| SAHIS)

U Y 28

= e A e

110




(I A-10) BTAALLBA} E

2

—

ct

—

ALY

(FIRI: EHEYA]

213)

i

11



a8 A-11)

(72 B 2iS)

()
Sraatia

112 71 o bl 73

ol A%

=

.l
o=

futol

i
rot

re



_—rl_O_:||: EHI:I_I|-|A|

=

<1EDI A_12> _E_A_.!El J_'_-?-ln

113

I



gt
-
19
0.
r.

ad A-13)

= U Ay 20 U3

114 7ig siee wpk 73



Ad A-14) 2ME 197 Yoo JH Aoy

115

i



HE 5] W4 Y 84IIAM B2 HS 93t NAHY B

0 4% 247

Water_in_Reservoir(t) = Water_in_Reservoir(t - dt) + (inflow_into_storage - evaporation - Intake -
Spillway_discharge) * dt
INIT Water_in_Reservoir = | 27| 2 &A5=F |
INFLOWS:
inflow_into_storage = Inflow_at_severe_drought_condition
OUTFLOWS:
evaporation = coefficient_for_estimation_of_evaporation*(Water_level)*2
Intake = Total_contract_amount_for_all_regions*(1-Restriction_of Withdrawal)
Spillway_discharge = if Difference_of _critical_and_actual_water_storages > 0 then 0 else
Wiater_in_Reservoir - Upper_limit_for_water_storage
coefficient_for_estimation_of _evaporation = 0.02
coefficient_for_relationship_between water level_and_dam_storage[1] = |3 #5219 429 - A4k
=4 A
coefficient_for_relationship_between water level_and_dam_storage[2] = |3l #1219 49 - A2k
A Al
coefficient_for_relationship_between water level_and dam storage[3] = |3 #5=A19] 49 - A=F
A Ak
Total_contract_amount_for_all_regions = |25 S9514] AlekF = g
Water_level =
(-coefficient_for_relationship_between water_level_and_dam_storage[2]+SQRT(4*coefficient_for_relati
onship_between_water_level_and_dam_storage[3]*(Water_in_Reservoir/1000)+coefficient_for_relatio
nship_between water_level and_dam _storage[2]"2-4*coefficient_for_relationship_between water_lev
el_and_dam_storage[1]*coefficient_for_relationship_between water_level_and_dam_storage[3]))/(2*c
oefficient_for_relationship_between_water_level_and_dam_storage[3])
Inflow_at_severe_drought_condition = GRAPH(time) |E4 7FaxA9 Y &3 U=
Decision on spillway discharge
Difference_of_critical_and_actual_water_storages = Upper_limit_for_water_storage -

Water_in_Reservoir
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Upper_limit_for_water_storage = | 52|19 a8
Decision on withdrawal restriction
critical_water level = |A5e2]12] A #59)|

Restriction_of Withrawal = if Water_level <= critical_water_level then |F4= AISHE| else 0

=]

S

HI

0 ¥4, a4, 240 22 b

Total_Production_in WTP(t) = Total_Production_in WTP(t - dt) + (Intake - Delivery_into Areal -
Delivery_into_Area2 - Delivery_into_Area3 - Delivery_into_Aread) * dt
INIT Total_Production_in WTP = |<eAl-83F oo Q19]9] ZH|
INFLOWS:
Intake = Total_contract_amount_for_all_regions*(1-Restriction_of Withdrawal)
OUTFLOWS:
Delivery_into_Areal = Total_Production_in_WTP*Areal_share
Delivery_into_Area2 = Total_Production_in_WTP*Area2_share
Delivery_into_Area3 = Total_Production_in WTP*Area3_share
Delivery_into_Aread4 = Total_Production_in_WTP*Aread_share
Areal_share = |Z|oFd H&|
Area2_share = |AIF H&|
Area3_share = |A|12=F HE|
Aread_share = |A|2=F HE|
Arrival_at_Tank in_Areal(t) = Arrival_at Tank in Areal(t - dt) + (Delivery_into Areal +
Delivery_from_Local_Sources_to_Areal - Water_supply_in_Areal) * dt
INIT Arrival_at Tank_in_Areal = |Bi5e2] 85F o9 J2j9] 7|

INFLOWS:
Delivery_into_Areal = Total_Production_in_WTP*Areal_share
Delivery_from_Local_Sources to_Areal = if Restriction of Withdrawal = 0 then |EA] Ek=H
Sud] else [E-e A 37T

OUTFLOWS:
Wiater_supply_in_Areal = Arrival_at_Tank_in_Areal

Arrival_at_Tank_in_Area2(t) = Arrival_at_Tank_in_Area2(t - dt) + (Delivery into Area2 +

Delivery_from_Local_Sources_to Area2 - Water_supply_in Area2) * dt
INIT Arrival_at_Tank_in Area2 = |Hi5=2] 85F o]uUjo] ¥ol9] Z|
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INFLOWS:
Delivery_into_Area2 = Total_Production_in_WTP*Area2_share
Delivery_from_Local_Sources to_Area2 = if Restriction of Withdrawal = 0 then |EA] Ek=H
TEg] else B T 3E7F5
OUTFLOWS:
Water_supply_in_Area2 = Arrival_at_Tank_in_Area2
Arrival_at_Tank in_Area3(t) = Arrival_at Tank in Area3(t - dt) + (Delivery into Area3 +
Delivery_from_Local_Sources_to_Area3 - Water_supply_in_Area3) * dt
INIT Arrival_at_Tank in_Area3 = |Hll5=A] 8% o]uje] 29| Zh|
INFLOWS:
Delivery_into_Area3 = Total_Production_in_WTP*Area3_share
Delivery_from Local_Sources_to Area3 = if Restriction_of Withrawal = O then |BA] E=Y
Tug] else B 2 387F5
OUTFLOWS:
Wiater_supply_in_Area3 = Arrival_at_Tank_in_Area3
Arrival_at_Tank in_Aread(t) = Arrival_at Tank in Aread(t - dt) + (Delivery_into Aread +
Delivery_from_Local_Sources_to_Area4 - Water_supply_in_Aread) * dt
INIT Arrival_at_Tank_in_Aread = |Hlj5=2] 85F o|ujo] ¢Jol9] ZH|
INFLOWS:
Delivery_into_Aread = Total_Production_in_WTP*Area4_share
Delivery_from Local_Sources to_ Area4 = if Restriction_of Withrawal = 0 then |BA] E=Y
TEg] else B 2 3E7F5
OUTFLOWS:
Water_supply_in_Aread = Arrival_at_Tank_in_Aread
Wiater_Availability_in_Areal = Water_supply_in_Areal*(1-NRW_in_Areal)
Water_Availability_in_Area2 = Water_supply_in_Area2*(1-NRW_in_Area2)
Water_Availability_in_Area3 = Water_supply_in_Area3*(1-NRW_in_Area3)
Wiater_Availability_in_Aread = Water_supply_in_Aread*(1-NRW_in_Aread)
NRW_in_Areal = |F<=&|
NRW_in_Area2 = | 5§55
NRW._in_Area3 = |58
NRW_in_Aread = | <&
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0 7 IR Aol 7|t AR &S Lo, QIgte] =5517]
AE AaEl 3 Iz w4 A A4S AAE0R 2 4L 0. vl
Hepge) et SREE AR dlEslel dulste 9 by Fad

o FFH BFHAY 7he TS AgA R Brk] St A|EE WMO
(World Meteorological Organization)oﬂ o5l A1 BF7HE A4 (Standard
Precipitation Index, SPI) 7FEA|4E A-851% .0, A 7MEA]42] AZ|4
2| AABA =S 5510 AN =(Boundary Kernel)E o83t H|Zx}
SES ok Wl oR A&7 AQA7IIPE TR shAe 4REsl e

Q &%
o grAtm Al e 59 I 7 ASOS(Automated Synoptic Observing
System) TEAIH Fol|(ID: 106, 1993~20149), EfE(ID: 216, 1986~20141)
P24 9] T4 A 4307 T EWIFEA) Ae e $o g

o SPI AHY: 4w 4ol W Fed 799 A2 7HE7E fsto]
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o 7RIS A]: SPI AF|4-2] AAE 24 &, A deekr 482 53t
SF9] vz ERE AP o= Ad7|ITPE 2|&717E SPI 7RaA]4 4k 4. SPI
371} SPI 67]1 el thigt HZet 7Ha(SPI — 1.5 o]sh} =4l]t 71(SPI
—2.00]5he] A7 A&717HE 7 EshA]

o SDF 341 2A4: 7hgHlkesiA] AE aigo s 7= - A&7 -7 RlE
(Severity—Duration—Frequency, SDF) 542 2Hdsto, 7FE2] #4717k}
HA7IHE 7Ra A (Severity)2F 7FEFE (Magnitude) I

0 ARST Az 28 Zat
o P o] 7FEHIEs|A ATt SPI 3/ Lo gt AA7IZH2, 5, 10,
20, 30, 50, 100, 2008)¥ 7Fal=s 242 - 1.50, -1.92, -2.28, -2.72,
-2.94, -3.14, =331, -3.412 £A4=]3lom, SPI 67§Lel tigt AA7|TH2,
5,10, 20, 30, 50, 100, 200¥)9 7FeAlEE ZH2b -1.22, -1.65, -1.87,
-1.97, -1.99, -2.02, -2.02, —2.030.8 EAg

(ad A-15) FARiEE=+E 018% 7IE¢Iesly Zut
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Severity (SPI)

(O A-16) ASTF 2| SDF =44 20y Zat

Frequency
—te— 2-yr
—&— 5-yr
—8— 10-yr
‘ ‘ ‘ G 20-yr
| | ‘ ——bi— 30-yr

| I I 50-yr

: : : 100-yr

| ‘ ‘ 200-yr

‘ | | = === SPI-1.5
4 - e T A T T T T T — SPl-2.0 |

— T 1
10 12

i
8
Duration (Month)
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