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1. G+19| H{H

B2 AR 7HeUA R QIRES WIS AEAlS] AEel 7P Faskal Al Apdoltt
(UNESCO, 2009). 3HAjF S7F8k= {17, frofe T/dshe EXulie] s}, =A) 33, R elst
I AT A o] &2 AR FAke Hdetal jler, it FEow Qg davE

of 7191k 715 wist &gk £kl A¥S 7Heske €le] HaL Slvk(Hoff, 2009; Vordsmarty
et al,, 2010). wbA] A AlAS] A ARl AE7be8kA] e AdEletal & & )IeKHOki

and Kanae, 20006).

A A AFH o]F A&7Fs3k W (Sustainable Development)o]gh= 7\d 02 o]o]A WA,
19879 BEEAE B A 2g)F%59 n#)(Our Common Future), 19924 B}zl 2]-¢-v|zh|o]
Fola Gl 29-3le] & ofalti2l(Agenda 21) T TAIARI TF HE FHA YA AH
oldo g Al drt. 53] IAAEE oAt1A Aue ERES A &717] S8
AE7bsd WAE A% AX'E WS S G, o] o]FR ol THA| FopoA o] A&7}
SRS Wkl Sk AR At diEshEo] W ARel 71w, Al ol A Jidt H A
< 33k thBell and Morse, 2008). 1714 A& (Indicator)= A H-24-24517] )8t Aolzt
55 717 2ol ‘indecare’ oA oS FE ¢ =, ofd Fdolu WistE tiEAoR
vehd ¢ Sle 84EAN AAE Hokdhe Ul B & T e ford & ot} gt
Bell and Morse(2008)= &2 A% 7R E ‘A&7bsAd AR E A dirtke] gy
O diFe] 8o 23S gHok drkal Fskald.
A&7Fs Eol (e FAdol Rl d % AfE A= o] A7l o)
thFeHA zlgEoisiet, 7P A o' FAALE] 9] A&7FsAd THd el B8 A A

HHE 3 (Millenium Development Goals, MDGs), A<47}s 70453 (Sustainable Development

mlm

mel
s

Goals, SDGs) 0|3}, ZA|1A A&715A H7F ARE 19924 21939, 20024 Q51| 2~H 18] <]
5 U SAI3 ellM ArbeAde H1E AR oAl TS Hus uherl #4A%



M1 M2

] =

XA 4=(Environmental Sustainability Index, ESI) 2 24 A3} 2| 4=(Environmental Performance
Index, EPI) o] St} SRS Aol g9l 455 Efeto] AR5 753 vhd, o|F
o S S FAF M T 7R olaL AR o] ABRES FAst] I £
37E 7Kk, 1§ =0l8-o] AEbe dE B7kshe tl 4(clean drinking water)2k #1484
’d(sanitation)o]] H a3t &9 89 FFS o8I}, Vordsmarty et al. (2000a) F=gh Eol-8-2]
A&7V sdE AFHoR Wlehs desE AR ] & a5 718H AxE
skl A AAE ddes Hrskeit.
w5k =ol& Aol ook T ofyzl, 2kt Ak o8-S Rt AR ¥ Ak T
FA o] WA, ek WA S T2 FEl oblE A 3 sk #4325 F WE,
TS Wt Aeudd Ast 5o 2AE didsh] 8 e del  AeuddE
uHE AAAE ek & Aol dol thFofA] AReH e e A&7lsdt Eol
& W7t 8783 e dS A8ar] A w8e ALt &, grHAe B =29

A28 Sk BFEAAE e Trel S-S WFshel ALgH 9] e Mo

o

TEY F glE Wo] Fasitta Aok thRitchter et al., 2003).
TARS] a0t B, 1ejal AETMIS Edehe FAAEAl Belold o Yot A&t
FAdEE, g o ol 7IsH, XA, WA, 7183 845 Fikeke A Jde]
gh= A7t 538 Frthloukas, Mylopoulos, and Vasiliades, , 2007), o] 7ol A9
£ WK ol &HY & 7 B #el, 28 ¥, = Wi 5 TR
9] 3ok Helah, 3710 A, SAERAN F B G 71el
Aol E3Fsle]ol dtl= 7do]th(Loukas, Mylopoulos, and Vasiliades,, 2007).
5, Bol89 ALTFsAE W] HaiMe A ek o=, AU, 7Wds 5
et S-S agaljof st ol falixle Bk S Aty flg tiE AEE 28k
AZ7 | HZo] F-83lth 53] T2 Ame] I B3, ARFY w3l 58 Agrtset Bol8-S
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FH
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b
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1

S AN PFYS AN 715S @ 5 Uk olol] Bolg AdvbsH A Bel
A8 9 4%, B8 Bl B A g ATt aTEd

AT AES ol A%7P5T Bol8L BT 5 U AT
W WS FES S, 710 Be Bol§ Wl BdHoR AR Bel sk FHE
ohet £4, §9487, ANILE TFe] A/ks HES TAT + e AE L A

AAAE TS st e,

o
=2

f
Q,
-+
e
o>
oy
¥,
e
s

2. ¢imo| 2

2 AT Sehele] Advisd Bolg ARE Ml olg B8ele] BAle] Bolg AeE
H7h AL ] WS AN, AR AAA B ol o AN wEean
BOHAY 11 ), FeIOlE AT F 2 T F 194 A7E, Seuele) golge)
 ABAF) 2R WET o, Sehtet Bolgel WE FasuA Ft,

4 B ATE 5 Bol§ ARZ ABetel Seubet A Uslel Bk 2 AFuFL

Aeystaizl ek, et ofyel A7l 23 (The World Bank, WB)3He] =A@ &S $8 7]&9]

A AT B B AF(Vordsmarty et al,, 2010)DVE g-g3te] Sejvkel oz 37t @ A3L

1) Vorosmarty et al (2010)2] FRUE&S 1= 25 a1,
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132 11, 70| BE(1, 28

B e Aol FAE e vt 2o $A AEhedt =ol8 AR ATE FHsol

L4A9) AP, AEAT 5 71 el o ek naFoRA B A7) de
A Flle] B ABATE AEstel NS BRI ol AR F2E Sesia

=

A% ke 93 feHTE AAE H, 47 ARxs A8 F e W, AR #2534
7k S ARkl olF FHE ARE heete fevel $E9S dides A%
e Fdselen, A% F8e fd BEdE FdsL, =7 A7, 4 S5,
o A7t vhe o s ARAke 53l 7RIS BEdte] HF ArE BEsa W=
4 S A3 ASE P £ SAdEATE SO A AAE ddes sevet
ARE Z8st] AFS AT, B AT gE Hafe To 2 Aol 4

kel 71ofetara} shQIeh(ad 1-2 i),

ol
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1, X7ls 2012

7t A7

247154 (Sustainability) o]2h= g-0]& 1972 2123 o| oja) irte Ae] &7(The
Limits to Growth)gh= B eollx] A5d o]F AF7kA] =A13]e|, ZA| A Halx FollA]
23] EHL et A Al el of A|&rFsAdoldt, 715 sk AdAs) 53 22 ol
A ofsl 2AEE A Yt ZEHo] TA HE FHE FAldhs AR olsoA|a
2 (Fresco and Kroonenberg, 1992), G¥HA 0 2= o5 A AR oz} Fofo] 7HyE )
AbE] ko g sPAIl AEE o] &gttt

A5 B FAAFEIAM AN AFHE ALTbsde] Jde olF A&Tlbsd A
(Sustainable Development)o]2h= 7I'doR o]oA|A] Hed], 1987 d AAISE /L9 3]
(World Commission on Environment and Development, WCED)7} #7lst HEEHNE K14
$2]FF2] v (Our Common Future)dlr A|&7Fseh whrlolgl= gofo tial] AH3lHA
o 7ide] de] A HAk. § B oM "l (Humanity)= 'E3& A&7Fsdh
o= olF F E TS 7Hon, (R&7FsEdolh vt 7Fsde AlekebA] eho A,
A Alche] st mjgf Atje] g S8k Aokl AFsHATHWCED, 1987). 5, A&7}
S0l Al o] ohdel AAje] ARSlTRe} Ve, SRS arElgh Al ide
2], o] gl digh Q121S ulEke 2 QI7h Soll <Jdt FAHQ] o] AdH R 3
SrEo] e odFe IAA W= MAE AnFHWCED, 1987). webA A&7hsget
WAL QI et Q1 Aol AEiAl Wiell] WSkl Aak A 3 23S o] F= 9] WellA
F7E o GAY 5 ITHWCED, 1987).

o]F A&7FsAolehe e 3] FAERIeH, ofF U e o]&HES FIA
A71E 1992 Bepd gg-dapdlo]folx gl 2l9-3]o)(A- %743] 9], Earth Summit) B
FA7 LS O (UNCED)Z efA] l=dl, 2l¢-3]ofddld= AlAlS] A&7bss 7iee] e

0]
AA
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o] thalf F=3FA L F-ARE7 2 Y3](The United Nations Commission on Sustainable
Development, UNCSD) 45 gtefsh= AI717F ©3itt. 2l-9-3lejolM=, A&7bs/del 7Iuhe
T AE7Fe s BAdsk] $1gh mAlAkSl o] Bl o R ‘ofAllitk21(Agenda 21)'& AHEHSHA o
1, o] Baox= ARBIEA|, Ardxkd o] Bt del, 7k 25 9, 7A1A ot s
ok Wirol ZF FAEERE A&TFs s Sl 535 AL, o= IAEZE FT8) ok
& 4AA ol'do R FHEUTHUNCED, 1992), o]F HE Agatd] ofsf 2&7Fs/d 7idl
21 Q1719 el 7Hae] Aol thek ool Al7ddl% EtakaL, 20001 dtho] FHojso]
A&7Fs7 B A&7bs et Wlolghe @olo] o] &2 v HH Q] do] HtkBell and

Morse, 2008).

e

=

20021 QP =W o (A&7 AAIA S 9 (World - Summit  on - Sustainable
Development, WSSD)elX= eHd 2-¢-8lejollN Agd ARMES AdzstaL, A&7kssh B
of tigt S Foisky] ok AARere “Adrkset de 4714 #xos YrEa
o|Fojzjof 3hH, AR FA, JaEA L ool o] thget ol FHH Loyt aF-H
'3 AFs7 = FTHWSSD, 2002).

20 Z 2012d0)] dE §-9AE7 P ) D3] (UNCSD) Rio+20014= ARl &%), 25
ARl A YR, RS T og AFoX ALTbsdt ks AT F Ue TRl
3l At A&7Fsek NS Ak SAAA 75, A&7Fs NS A TAFY sl
sl =2l "ot Rio+202] FH AIE2A A|&7Hs7EHEE (Sustainable Development
Goals, SDGs)7} =t o]= 2000139l A& % A7/ E-=-3 (Millenium Development Goals,
MDGs)®] 3717} 20159 FRHEE, 2015 o529 A AA9] 5% 755 Edkshe Zlo]
ot.

2012 '7HE UN A A7 A&7bs4s gk 29laid Banjola AFst uias A&7ks
g S SRS Fejolrh ol thAl AAl, AR, A Atole] e AdAdd
thal Q12fskaL ofsfstal sk Zlojzkal A ofskal JIEHUNGSP, 2012). FAell UNDP(2011)
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X&7Fsth 20K 1Pt X|E i S

oo

ot &7 (1)

o] oI77Hk K 314 (Human Development Report)dllX & A&7 sAlolek 348 AL3l1A 9], o
e gtog o] old 58 on|dhs ‘“FH3Hequity) ol gk 7]®Z ] AR} 217 Avso]
ek At S ERPEE AAl, AL, dE0 R X3 LM T2 A&TFsskAl For
olgg BeR/d¥} Hulgo] dlasi x3kE o|F w A&Tbsditt L BAdthaL A ofskaL
Aot

AT FAH R Q18- A&7FsA Jdel tiall aokstd, Al A E-8-of 7 ellA
nleAtE arefdh b 28 AgelM A&rsAde] oA, AR Y AR o e FoE

FE A 280 AErksad 23, 2L A, 94 5 7180l AEvks dE eshA] oskd

nRe gt 2A AdvbsAe] BAPh uld 87 Hokrkel BAlrk opde Azasl, A4}
54 e oldle] BES 9 F ¥ 7 7 YA 5 AP0 o] BujHo A

2T F Sl AR StEdt

U Ak7ksS 2018

1992 29| efol oir21o] AFE BHEE AHel §717] AL e B
2 99 AL'E BE AL P, o] oJF2 ole] 741 Boolnel AlsAe W]
S8 AT A7} hEshElo] e et )7, A7 Bo| AE T AZE e lckBel
and Morse, 2008), 0] % A47Fs 3 Bol$(EE Shglol)oleke o] ole] dpaje} tiak
& Azl AEs,

1) & 529 SE22M9| K&K
7P B2 Al A&rbsA W7 A 19924 23], 2002'd @5k A T3] 9
s Wt A3 el A& S BFE AR deAds T Hds oAl |

3L A& A 4=(Environment Sustainability Index, ESI, 2005) 2 #7443} 2]<=(Environment
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Performance Index, EPI, 2006, 2008, 2010, 2012, 2014)o]c}, SAR|EAA|4~ESD)= FH Y%

oot
J
flflo
3
oo
_o|g
£
N
Kl
[t
-
Hy
o
23
rq
o
ot
=2
I
%
ot
o
ox
X
N
:L},
&
3
>,
rlr
A
T
2
o
=
)
>,
2

o o] ATRE FASG] FAT DA A WA, 2 F Bolgsl ALTFeAS
H7ksl= H 214(clean drinking water)2} ¢ A1 (sanitation)ol] Q3 &2] Q9 I35
o|-g-ghtt.,

T o TAE A ddels ARl XS Fs A8 (UNCSD)7E 20071 Al

PN
=7

J

1S 91381 A E (Sustainable Development Indicators, SDI)7} Q=] o] Halx oj|A]
= R, AR, 27, w& QU AR, th7], BEA, s, B, AETFE, AAEA,
TABATEAA, AR O R 14717 FAE FAEE] 5074 AFE AT ¢
oM Tk A ABE HIEFA Wolld AP (sanitation)& FHE SHE, 7 E
g e, BETA Yol ARgshe Ak (quantity),
T W it AEei(quality) 55 EF3EL QATHUNCSD, 2007).

Sl Eol89] A&Tside AFAORE Frishs 7id e 27 Al = AR/ =

TRELE 7R ARE T A AAE WdeR HrIskIeH(Vorosmarty et al.,

I

GBS F 2

e
(o]

2000a), Vordsmarty et al.(2000a)2 7H4, 34, s &4 5 U3to] o8l B9 &4
‘B Ao Zhgska % ol HstE ol3k wig Q7S AHHEly] 98 oltHEE

skt Il & SEEFOEE AR} e US| EUF doE Kol o B

= (Postel, Daily, and Ehrlich, 1996) 0.2 AoJal1 7|TH3lR2 oIt & FgF=o] Hil=
3l Ao & sEES FAstaal shdinh. & FAEY AETFss o8-S aEsh] sk

=
A8k T AHHQL o] go] Erbsd dEL B EEoRE e st B AN /E
T 7L QARG 0.48 28k B9+ Eold 2EY UL Sl A 9o I Y
ol A v AR Fo& YEPGTHVordsmarty et al,, 2000a).
¢ WhHI fAH Doll, Kasper, and Lehner(2003), Milly, Dunne, and Veccia(2005), Sun

et QU0 PIRle] A47bsT B 7189 R sl A 7Me fE A ey



12

X719t 20182 99t KIE T U Eg et o4 (1)

S Alste] H7Fskdt}. Doll, Kasper, and Lehner(2003)S A F-f=%F, Aak3ks, o
et AA| FEFE Ao n, 17t = AR g - g HAas RdEsty
Folgo] A&7154< Hrksllnh. Milly, Dunne, and Veccia(2005)914]+= 3l

s (streamflow) & ZA| 202 7=skal, QIgte] Folgd 71 & Fi-S 2X[8k=
WHETE ARFoE = F vl 7|53l vl s ofste] d A<l = 7FAES ALkt
o}, oF Sun et al.(2008)¢] $IFelX= mlEe] Eolg A&Tbs S g WUt AES T
s} - ARSFIGIET, vl B Ao s A7RE 20209704 9] AREA J9fella] kel
o Fa9 THE kst £ ASTbe A LEY2AFE Hrlekdlth & 3 W7
ol &¥ AREE AFer] FHESE A H Ak sEEH = S etum flow)E
tate] A8l = Fas= Y, 7HE, A, Wl S, B9, G o8 ue R
AT, 2B~ QlEAE Hrlsls 37 @Y= 1371 F o] R F=(Hydrologic
Unit Code, HUC) fr&jo& A8ttt 74€ AES afgoR 7 7| 715ce e (Global
Climate Model, GCM)< ©]-§-3to] 7| 9RstE Rdgstola, EXvERd ol4-isinds 7}
7} Fgste] 238t

|

F-L of

32

%%
iCla
o
oo
lo
XN
4
I
oX,
filfo
o,
N
S,
N
R
%
iCl
Sy
fo
Lo
ogl
o
o
ol
o>
{-o
il
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K
il
R
(o)
o
£
o
il

A7) A,

AR Bol8S Sl A1) ke ofe] kel frol] 24 BEate el 544,
ol BB, 2)meb o] Qa)|w e ol <l oy, ArAl) 5 FAdo
2 SHEe B

e Z5o] wiwE Wt k. olo] whEh FANSGNE 4 Fue
ek frofeksle] £AR ol ge] el wet FARUImE AL A ERAH £ @

rir

of
o
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(Integrated Water Resource Management, IWRM) & 288 7S @Al QUo} 1 =
229, B4 9 e AYe Az ugs 23 sl Belsls Aoz, szl A
Agg AaaA) Sk W94 Sl o A4 9 ASH B Fre el 2 49,

A9, FAE 9 BE AgEo] 5499 A%7Psd o8 BEF P2 TFsab b
A, 5873 BAL FAES RSk Aolth IWRME A} Qg Al2de] 5 Ago)
olel, 4o} Siet A|oJe] F3 P, EAs sA9le) E wel, St vra g s
B29H (blue waten ¥ olUE} S 5] o) F3He T191E (green waten o] $E4 oJ3],

Agssh Asteee] B e, S S5 el B wel, 3 Ul 4Re el s
ol8) & FEo2 3L AHGWP, 2000, TWRMS] e Aeie74s) Zole #e)2 533

fEA fdes de| A8H1 ok EAOZ UNESCORE fo7ldt 8 o &
FEWRM)S] Zpo|=2tele ARIeBH, AHstn A&7bed & #AelE o] fojude
At ket Al =AER] F29E Hhadek Baxolrt. ¢ Baxjelie 9 7]
T8 9 & BROWRME A3k Ao EA|ol8 B A, AT 5 TRt a9l ofF JF2

HE  glon, AR dFe vIAe afdEdds AU, T, BEXE, AT
24, A, 71588k ek, 71l e Aeska 3l

SN = A&7Fsgt Bold Btel 8749 g A8t A =8e A& giet,
Ritchter et al.(2003)= ol €739 355 93] F9o YHA 382 53 AL dS
At dE], A AAFLRE 77 sofvbdEA B tigk art Fvisk wet 4 WE, |
olgo 2 Qg B W3} 5o £AIE oprlstaL QloH, ¢zt oo B E& THdte
=2 gAY} F AL vk Ae AXE. =, BedtAle B 283
25 RteAl FHEANT QS Bre] B85S W] ARk gl7] el AejHo s
A&7Fs g Qo] ol 8-S flsiME AuA BAS sl Bag B gt Qlite] =48t
2L F e o] Hasha ARk oF BAde] f1gk ZHUYZE ofliet 2ol

A|eraF Ak Ritchter et al,, 2003).
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X&7Fsth 20182 1t XIE 7N

o
x

e
o)
o
o
=
5]
-

o,

- 2§ET A N5e Asa] 99 B Ao #F aTE A
- kol ofal W 7 dloln] Fale wlgol 2lzto] o8 He| ke FEata AlgEo]

- AlE3E 5o whe st AEAle] Eolde] B Bt

- B3SAE Sdsh] 3 g4 A A

- oIZH} AEAY] 28 E3etele =8-S FAEATE Fa8 Uolol BEaANS sl
g FAd A Ad Y

- A7 BRolM AEH R A&rbsd Ak delE Adsh] f3 AsdeZrad

7% % 48

o

QAo Fol§ 717l frede] Aud A s AL Vordsmarty et al. (2010)2]
ATolA B FAZ A=, o] AFeME A AAE dPdes $A1Y o83} HaE <zt
B QMR ope}, r3hE ol AEA 13 AETES Sl Aeldhs S A WS
ol g3k ek, Tgk Al dhxle] S5 EAE THAasll k3l vIESIAE whadste] A AlAle
9 JEE diBske AEE TS F8E W i ArEA] owzt et $l 3l
A A AA QAT 80% BTt & QEEel kg 933 FEo R mEEo] lrkal Hrkskglon,
A AA R AEE A AAA Y 65%7F FbelA F2 e A =EE AeR
H7FsFIeH(Vorosmarty et al., 2010). &, AF7HA] 0|42 $J3t A} &5 A7} ks
ZgE v AEGFAS A FAG e AXFAME dUEeR Ae-S A,
AF7HA] & PR 92 AuTtFEY] A ETh thselAl wg- fdsHA 1AEole A,
H 5 =ol8S A3 =zt FHFHow A - T 849 Y= T AEAdS
A 3] A3t ATE AA AT (Vordsmarty et al., 2010). ZZARE atpedde A A4
HEZo]l AES Y3 T2 &St Qe AdolR}, Aurilde] g Qs AHEA B
TAE SEo] W Algl(Brown and Crawford, 2009)& Ho}, ¢ko &= 2|&7)s3k 249

i

MW

e
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olgoll o] B4 ofet F43HE B AEiAE el Alge] Fashs Fdstrh(Vorosmarty
et al,, 2010).

QR At Fol 82 AeiAl} Aurid el FAAS ks nlE B ok} w3 d e
£ olom AU T w8 PN 5 ook H Wl AW L FAe) Sl FAele] £He
Wafstar AepA afro] AP A2 ASAA FAL ks Sl webA] A g FA]
ERIE §992 Hadt AS FE4S HAsE WY B ohizl, Ad) B9L Fa) 449
o] A&7V ol& 7he e A 4 Sl UNEP(2010)9] Hax o= w7hE0] F4,
A% S TS 9, F9 0 Y 5L AL 1) = o AALel Do) i
Mestal Qlok, 58] A AAE SR o] Thsdt BrE R 7% AHAIE Eiehe

T 7AE Ao= LA glof, =ol8elM e il % HdAF o] Taghe Akl

it

9JTHUNEP, 2010).

ffel o) FARle] o83} g el THHoR ek A&vkset AR 7]
Y AT} 3] Aok upel AejaE8HEcohydrology), 4= ] (Hydro-ecology) &
71&9] FEdhs AYE) ddske 8 vt st ofFolAaL gink st
Ecohydrology®t Al gH(Ecology)¥} S8 (Hydrology) 2] gHdol 2, AejAle] AsS F2351
AejAe] 25 Ak Aue} =9 cHAE ofiste] EFAE A6 ol % A5
2E A FEeE Sl aefetarat she tetAly gReheeltHAH =, 84, 2004).
O Yot Aeiaishe Ak g, Aerieddel Bds B9, ARBIE 13 AuAXE 2 AlE,
715318} QIzte] FakellM BES = Sl wE 7ES D] gk ASHAR] AA vl s

AFsh= Aolekar A=Ak Zalewski, 2012).

3 HHUIAS D28 AISTHsY
Ale] a0 B, 722 ARUPIE TR FANA el o Ueb} Adks

3 AR, 3 5o Wl Jled, BHA, WA, 1B 28T TEsHs FAH
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X27ts 20H8S Aot X i A M8 Yt A+ ()

JRdolgl= A7} AtkLoukas, Mylopoulos, and Vasiliades, 2007), o] 71&d)| A9 #2 S
Wi o o] 8FHIY & 7MY B wEl, 28 #E), & i 55 sAiEeEle] 7eEll
solehn Aelata, F7bHo g A, AFERAR 5 944 el 714Hel Qo)

F3Fstofof slttal F4sh= A o]th(Loukas, Mylopoulos, and Vasiliades, 2007).

ol =ol8] A&7k el Blsslr] ARk 1990t $RERE Bl dgate] ofs)
WA o2 AR, Gleick(1998)%= 1] FHegh Akl o] 83 443 dej= <ls]
QTHE o2l AEjAl] Eoldo] A= S At QAT TPt Al EE 21479 &
71l el Aarskeick. webM Foege] A&bsd Eol8S fEMe ASTbeA
(sustainability)# &% (equity)e] 92 E3e vi-9- FHLAstL A71421 & A A7t
Za3E Ao, A&rFs S Wrlekr] S8l o 7HA JHEaLe] e ddvlE ARE
ol g3l 714l A Ag HelE B3 Bol8 AEe S WA oR Frkstaat ekal
THE 211 Fa),

1. 72201 oRle] & gk | BE ollo] HASHES fAIS 5 Y 7|B20l B Fo| F=Holof &
Q7=

A d8e A F =S 71240 = a7l S5HooF

3 gz 2 TEE 5 Hr 71E oS frAldlok s, o] e A9F Aol =9
I T2

g wet g2 A%E 5+ U=
4 A9 Fhsd | ok 858 r)HoR SAele) AR B8 IS vIAA Polok 7

5 AR 50 WM | S M8, 018, £ Bol AR S F BE Agel Bhslek 3

6. A7 Y WP Y | & #d 2SS dMslaL sjdshy] Hd 1] vizluzel &dEolor &

e Sl Eint SRR o Wi WE ARSe] e dhisiol B 1
7. A5Ha # ol olaelol el AkEe] HqHel Bl Feisior o

A= Gleick(1998)olA 212H,
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o] Yo7} 21 Fofe] /ihed], Hol8aks Zolgle Hsh Bol8 583 S7/M7IEe
=8 5o Jde] AMdx F AR - YA PGS EFehs Eold Alute| Lol FAE Eolg
A&7VsdS Brketaal A=Ak 28 olzjsk Mde B H5A #El(ntegrated
Catchment Management, ICM)9] ¥-2]o 2, 7|& a9l #al7} itie] #9 ghejolr] o Fo]
A& vk ARYE, FRRe] Fo AN e 55 Bl At 9elE SshA| o)Fold
2 Qe Ausl= Fe2 A= hth(Holzkamper et al., 2012). 2, AL} £
HAE EXolg 52 FHH o Aefsle U #F Ao AFshs FRloG AL 354
T ks Abgre] @AIZE ¢E Q7] whell, ol FGARRRE ofvzt B Hwvte] FolE F

A2g P ey Al tid o7 mE, Bl Sla Tk Akl ARk Fol

il

A== Aotk (Holzkamper et al,, 2012),

A7 AL el 5449 el F8 94 B AR
AFEe] a7l 3317 8l RS B 73S ST Aol olfdt &
71EAQ1 QIFte] &5 FE8l] A% Ao, o £k el ¢ AA2 QR
QT ol AEAIE Slsl Bod SR e T g F56hs, 1Al v AltE %

ZirUEet AWdas ek WS AFsfor & AdS AAketaL Sl

73, e

A
ot
=

¢

=
=0

4|

F



18

A#&(Indicator)gh= ©hole] ojgde AA-SA-AHst] gk Aolge 53
‘indecare’ |4 2Hs = T}t A FE= oJH Aoy HIlE dlEdo s Yepd = e
A, AAE sk Hl B35 & 7 e 99 FRE deitt AHe] 7P T8% 5L
A 02 W Eatal Qe &7 o el ofn|E FEsal gl ARl o] whitel AiE+= oY
] WS FolM S 7P & A o Sl Ui g 71l wek AAslof Sek(F Al
<, °%FE, 2005). Chaves and Alipaz(2007)7}F AIFeE -85k A& A& gk 2302 ofefish
2,

- A/d(Available): A= 7 o8& 4= Qlofof sp RE AlghellAl o] Golsfof gt
- o]8}7Fs/d(Understandable): HIZE7} 5 Thek Algtso] fA| ofaid 4= Qlojof gt}
- 2127(Credible): AFEL frastal A28 + = FEE Tl F55olof ab HshH o
2 A 7hes WoR s Eolof gt}
- AV Relevant): A|FE2 #H Lobo] dePiek ¢ whyol HalE vhedd 4 glojof s,
AlREe] Aol wetd e &4 7hsstA A E oo gt
- B (ntegrative): A|&7Fs/de] SHAX ABE TS wol= 87, AR, AN SHe

AAE AesloF dn

g

E

1



A TEE e AS7] A AR vl Fa3 9 sk, HE A8E HE
Hlolzekel ik U o] 7128 Aleshs s Foe=H B3 Alagle] dubHel 7t
ol Al dAlEkaL & 4 ATHGWP, 2006), B4k ofuje}, BUER] 2 7te] dhA oA,
AFe FA fe7h ol @Al =AU E Tt sk, B4 S 23] AR SHke
2 Adstglen], F3ol =LAl 5 dekel ofz] drlol Felals A4 Al 2
& QU FETHGWP, 2000). Wb AR 755 53 A Ak ©es] ke ks
2k ohdet A A, AR A, A el A A WAzt A

i
ru o
E?L'
ol
FF

S A5t o Al dskS 98 4= ti(Chaves and Alipaz, 2007). Weiland et

¥
4

K
o

al.(2011)0] okt A& T5o] 542 v &
- & g ofalf: AA BHE olrES Wl #AE W ol vgE Adsle Ul &

o}

- X5 A BT B A P98t 7|20 HRE AT W ol 1 FoiA
SAHow Aok & £AIZ At

- 28803 7t &8 Tl o182 & e BUE R 7] ox b2 Alge Ao

(]
o

A

ol E3 RS BRERAT A Aole] oINS EAG, B @A)

- ZENE: TR TG TR AREE Alole] 25 A2l AR WAAE )8
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53F Bell and Morse(2008)+= B2 A3 7N E ‘A&7FsA AE '+ AV A7t
NEEGE o] S8l 24E Yo gthal Fskqirt. ufshd A&7ks del tial
Jrkehe AL 7AAo)A] ko n | @dgt FA7} ofu7] whitel A&7l s ke A
B8 Al gl ele A9E 9rIE s, B3 Jidol el theketAl aixE
A7] whiEolthBell, 2012). webA] A&7bsAdS Wbk A AdiAl #de] givhr) e,
3 A} sreolsls =l weh f5Aos 23S gholof ah, 2
As 9% HEAS FYshs Al FFsfor gt

flo

2
o

=40l B3

2) XE 74 diH
o A2HS Hrlsh= ARE FAY wddle A7 A4 AFAte] 44 ue} A%
T4 vPHS Aol dlc} ¢l X|E 74 WhHo 2= A AU (Theme framework) @}

o) AA A AT (Cause-Effect Chain framework)o] IT},

[*]

7hH FA A2 (Theme framework)

spestarzl sk Ag A FobdRE g §, Wobd A Eitel wiet shefitolR At
skaL o]of whe} FAAZE MAskE WAott,

A e ke ARES AT7IE Y tdE A8 SasE aEsRit Afe
HLSHAE AFShe A= AL, B N9 WrE ARt Sk FHE Al ERIEAA(
Water Poverty Index, WPI), AF8]%] EAE#|2X]9(Social Water Stress/Scarcity Index, SWSI),

AR &R (ES]) So] tjEA |t}
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AL
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1L, o] = sl
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El

| 4% 2 glo] 284 ZHol] B85} v)

S7hl fhEem 2

Hato] met o33

0|21t A|
9]
3T

i

o %, 248
FAAAZ, SRS

st
A=

Its
S

x
(Pressure - State - Response,

H2g

el
©

o el
PSR) T2=, A7I7 U A=) A7 Al def o]-§-Hal 9ltk(Hsu, Johnson, and Lloyd,

A
(e}

=
=

HA]
=

.

e FZE 7MY 71
H

51 oF

#
3T

= 2.21(Pressure), ©|

ll
210

8

uk
s

[e)
ve] 45 AvE wgelN sleto] Fhsat

A=

R
3}

X}

=

H (Cause-Effect Chain framework)

@—r
19931 OECDOIIA]

1

k<)
pal

L
L

=1

(Response)
olo
=

he o= Al Well lakaArt

I

F= dak(State), o]

°

=

1

2013). PSR -3 OECD(1993)7} A
o] 7NkEI} 2poi Qolo] Ak & Hja] 2 ¢
A - =eld s 2 E, o]l weE) AL

an) 28], A 8 ofe A}

al

JoRF o o AR
w® o o o oF
oW o ~ — X
- BE B AN
oy ~= B Lﬁ ,.%E ol
o g A i T 0
noT o e o
M o Ne " 2
CRE TR um -
LR o SR e
> o.* - A
w e o A4 o = o= 0%
o | T W Ry
=X @ B dE
o T oy N g oF owm
e.*, Eﬂ o 0% Jo T %
of M X o W ogr W o
= TR R RN
N o ®P . wir =y %o ) -
p oM N T W AP oo
= B Ko I WT o
N A, o5 T+ Mc < 7 oo X
o o 4 o) ﬂwm oo = oy
TR i L mzrﬁ
o | ~ = = 0
=g ®» T LF
Sy PE P E R
Pdm2n e
s 3 Eouo N
WS 2 B X -
A B S N umfm
N B ox - g m Mo
o o ~a _dm . MM _ =
O FOE e S S
L T B
GO w Yo v
T e+ mh 36
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SEARE QQAAAA HEE BEeE Ao Ala AvE B VA AEet QI ERR Test
AA sl a17] witoll AdHekA] Kohs WaE whfslr] flal Qx| F71A%1 7ol
2Lt 19999 FHEEA (European  Environmental Agency, EEA; Smeets and
Weterings, 1999)-2 PSR TZ& Heste] ‘F219 - ¢+g - A - 93 - ¥-3(Driving force

of wellS 7hdkate] Tl AR - AA -
8 Al2ELE B7ksl7] SIal ARSIt ol olF $H, A, ALl 5 ks WA 28y
o] e}, o] wrollx= FHoFd-th-3-# (Vulnerability-Countermeasure, VC)%5-2] AEH7} 127}

s o] Sl

- Pressure - State - Impact - Response, DPSIR)' & €l

U Al =9 A Akl

1) =2l A7AR

7hH BWZAF(Water Poverty Index, WPI)

= AelaAlE (Center for Ecology & Hydrology, CEH) A 7idkel EXHIA]4=(WPI)=
W 7Holg AUE FEolM & 2EdAE Hdste] 37t YRR, AwdE, 713
o GArEAANAl Ak Foke] AAeE AAsks Hl ARSS] sl JitE Sl
Agoln] F2 RIEZ7RY] A&7bedt Bolgg 9 HHor JptEItkSullivan, 2002,
Sullivan et al., 2003). EHIZAF(WPDE FAFe] o]&ol #gt HrHe Qe 2% ofzt
Akl g A, SAEE SHE FElolH, TR Yresource), A FHE (access), TAt
9 25 (capacity), FAHI01E T8 (use), el tigt &< T (environment)2] ThA
7HA FALAE sk, ol 7HE ALY, S HIER ohdEt AR Al a4 Y
H34 SHE Tete] WK Al & 5 gl SWIEAR(WPDE A AAE s
HZE AFE st A AA STt ik ARl w2 B3 oAl 1A A3l g
TA Aol AL olefel Zr(Sullivan et al., 2003).
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2r

- AT AlREe] ARl A < 9 S Tohs Ui Y] AR vk Aol
AR ARRE s7lele B2 Wt A7) wieel 9 delie &2 T8k vl dele
ARYO R HIAE ARttt

- FARGET HEA): Te AEoAM AN Himproved) Bl FEo] AXE ARSI,
o] NAEIHIL = EaFolu vaTE 55 Ak Aol 7] weel e

Al B opue} v Aaete F7elo gk, HEgh Eof WE e alefEojok sh=t], A%
weh At fridol 719 ) FEE A9 A7) wielH, RS9 Ak F ekl =
ghe A=) AR el A EAl7E Hal Qi

- Bolg: 7ol AR AR EE B 7P AR EE £ g 24 B7] wieel
T SR agsiol ditt

- TR 7 WM E STl 25TE, 5 ol8she vl WA
o] Folg BEAOR Helsds W 5 vk of Rl FeHene F 3 AYERY]

Ao g 4 ol Tlwe] AP Belsee Fial B

- 87 AT =98 ARl o] A S 7IAA de wf ofFold

sl gt

%0,

(0]
;
o
il
k=l

W) 71385 A A4=(Climate Variability Index, CVI)

Z1FAFZAF(CVDE FAHL S Hstl] mhe QI7he] HopdS tA R Hrkehe TAA
Bk=, A, 4, AAA AEE 23k o 7| FHEAAAF(CVDE ERIZAISF(WP)EL
Akl BI2AIZe] Ak HRA Ol 24E gl o] A8Ha gltk(Sullivan and
Meigh, 2005). 53t <=3t A58 S89W EVEAF(WPDE AstAIA oAl 744 484
W ot Wrs 89t sH 715 sl mhe =olfol Al Uk folE aestaat
sk
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TRoksot 20182 99t KIE TR I Hg et 9 ()

-
55
"
N

N

FHUSYRIRO TR Y W

X =T
CVI A8 B
- ARS 2 A 184
A9 ® - B ARsY 9 A $44

%A 9 SnRe S gz

- AR 23 A A
L

- 71F 54 st WwhAE Ha2A

A4 (A)

- WA dES g A=

- GNP tjH] GDP, ¥ IAAEEAN tju] 233 Exjol

- TR WEFE, SARYE JolAAE

- A 2 AR Al2E S5 AR S 5
H[SAHQ1L AFA| A Y&ah= Q1T &

- &7 T A A A dEA H2A

259 (©

e

- SAPNE ol ES e E

o - GDP 71015 U] 5 ¥ TYES AR

% 2 QTER
PREIEE

LS

ol
ol
=

dluas, 2] 4 Fol 9% wE Ao )
Al mE Agezny 18 AT

AdFE @) | - Aeshns, A, EgRE

Al e BAelgoR MAE An

- ¥ "l(deglaciation), ®&}3 (glacial lake)o] F43% 57198

Ab&: Sullivan and Meigh(2005)ol]4] 2H,
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et

o)) 374 AEAAS (Environmental Sustainability Index, ESI)

rlot

74125 AIAIBAIZH (The World Economic Forum, WEF)S] 90 & ] o U,
Zguloldisto] A - /ste] 1999~20051 F 43] WM wpAho 2 2005\ ThEAE
HollA W (Esty et al., 2005)F VHAZOE T o]} 7EA] ¢fom EPIE thA|Hrk, AR,
SRS v o R ATFedk e g I7PERE W7k AR =A B
2 olgHSlon, 7] A, A Kl &4 F ok, A - Al g, =A<l

21709] A#7F AT 7670e] W AIske] A Z7tel thek A =7te]
A 95 FHEATHEsty et al., 2005).

B opoll]

I £ 2-3, ESI(Environmental Sustainability Index)2| X|&E % B4 = X2 2H &=

i A& i
5| =7 W ks A v
6 | 9YPute= 27E S

2| AEtdd |7 | 9Fte TR vE
8
9

A= FHFE S

7 BEHIA AL

10] QIZF o] &o] gl EA vl &

Bt 11] QIZF o] &o] FFHLR o]FofA= EA H&
12| £ F5E(DOC)

13| AFFHAZE(EC)

&

ol

4 Z2=2]
e 14| °l(Phosphorus) &=
15| 552 (Suspended Solids)
T . [o[iaw Ase g
) T9

17] 1919 7Hg-8F A3l
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t

&7 )

I i 2-3. ESl(Environmental Sustainability Index)2| x| ! B & X2 &3 3= (AL)
HE A|E W
AEA 23| 1990~20001¢] Hat 49 E WslkE
T zEde Az |24 Q1994 & edow gz
g | a1mere A7 25 2_004_~2050Ld94 of| Al
26| & EXNE
ooma w |2 1(3% *Mj ahxj=
O | sk g S AREE
20| FElH7I= AR
7~ g 30| AJEEe R A% fr|edEd wWEH
A7 10 FAAYE | 31] FYA Y dudT vg A
" A7+ 32| FAAY dwAG A AHEH
33| 37F U A BRES AE W)
34| Hegt o g
35| Al sQAY T WIIE A3 dFIAY HF
A AR F Q2T s o 3 A4S 3|S5
1 Z]—?‘Z}—% —1'_ﬂ 36 LZ'“ = ]*l'é“ ] ]'CT Oﬂm = Ql*‘l
ks
37| B2 #8 AAAAZY HEAs
38| FHFE BHEH
12| 8749 24 | 39| A gaEgos 98 AR
VAR=RS)
ae ) T s e w0 ses el e 0w g
A 4] 3%, AE0z A% A3
14| A . =
45| AAE =EAS
46| HaAdoz HAE HA
49| 348 A8 71E, ZAo| dF AeFE
50| ol Wiwky o AAANRAAMAUCN) 7H4A £
51| ol Wivky o 2|9A}s] ozl 4
A3 - 71 52| BRI ¢
M_ ] 15| 8 A~ 52| Fo4
=g 53| HA A
54| AWIALS] F ARA Ay
55| $4 Andzd] g3k AAAAEE HEEs
56| AE Z8A
57| 1A=
70| 348 Wby oA 2%9
J 3
EA R O AN FAEE ER OE L RS
7]z X
A 5 [ 244 w594 g

A2 Bsty et al,(2005)94 A=A,



27

H2Z RH7sE =018 x|zl

SR B Wl BEIR M910] We ol AEE olgahar glo] Hh ol Aol
wroal7] olele ol AHgel wel o) EPL Fe| el A ApgEc)

2} #73AFAS (Environmental Performance Index, EPI)

A EPD = oldd] 873 ® - AAAE (Yale Center for Environmental Law and
Policy, YCELP)9} A Hu|olt)) =74 A7t H Y EYFAH (Center for International Earth
Science Information Network, CIESIN)7} 3502 73] A AA| 571 tides 17p4d
317 Holo] AulE Fisle] 4915 sk A% o|ch(Hsuy, Johnson, and Lloyd, 2013), 7443
FAFEPD O] A F ks AIHEEEMDGs) S Bebslal /PR B3ig TAsket

ol Aozt el GAo 2L g th(Hsu, Johnson, and Lloyd, 2013). $7343kA]4
(EPDANE SAREGAAFESD AN S WSS hodstara) Shol] wleh FAH Ak A48}
= ofEES YD S Beste] 2570] AmRkS ol8ate] Hrlsh] Rdgo g ojSH
dlolel Brh= 23 349 W4E 283t Stk ole A AAHR dAEofelA AR
Q40 S8 Wit Es AR 750 ol &Fw= toE e s, wvhE

Wae AdH oz BRE A9 5 glom ARkl S5l whe AR sl A%

3 5 =84 Axe} AN, $RA ok Ed(water and sanitation) £k 5874
A (access to drinking water), YA HZAd (access to sanitation)d] F 7HA] A ERFO 2
37y, BejAI7Ed FoF Ul A (water resources) EoFollA= #H|4= A 2(wastewater
treatment) = H7FgHct, gk AR 2 BET g dste] AR wobllA ik
(fisheries)®} AETHIT A 214 (biodiversity and habitat) 2 E-F5E1 | 2k ol 4= ot o]y
(coastal shelf fishing pressure), ZZo] &k (fish stock) O 2, AETIFAFT A 2A = S
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R 5 A Y(terrestrial protected areas), % 5 A H(marine protected areas), 5 QA2 H 5 4]

(critical habitat protection)®] H]&Z H7}3lt},

74

oo
y Choky
ar MAIX - rlok
4%'" il T b 3 PM2,50] 0
= = o712
o r
B

~ PM25 ojate]
CHZ |29

AF&: EPI(http://epi.yale.edu)ollA 424 [2014.12.23 HFEH]),

I 12! 2-1, EPI(Environmental Performance Index) K|

n}l) EAEFAA](Water Stress Index, WSI)
EAEYAAG(WSDE Falkenmark(1989)7} 7ksl & HE 2424, Falkenmark Indicator
2 B st & 2EYAE SAs 7MY 7184 0la dE o] &ske WHo R it F

ARFETE T Rbo] o8 F e For Aot Hele d R AW =(HERE
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) Mk S AT G 1009 ©19] Qlgolu, AR ghol ke AEUZAFE AAS

ek, o= 71 F2 A AAHe B PER QAR S B REQATHHE A 12l
G Qe Mol Vorsmarty et al., 2005). Sk ARt ol g ke FACKRDe] AR B A3
2 9slo] glu, 7RI Wheh) theol, AW, /1% 54 Sol AAoE nelsAs
g ohet £ £ES THL YA 8] B AAZ Aol o8 £ o FHS

I £ 2-4, Falkenmark(1989)9] SAERA K|

ErEYA A5 (199 m) i
EXEY X Qe
Y 1,700 2= Sl
@A, FAH9) & #E)
1,000 ~ 1,700 2 rEfX
e
500 ~ 1,000 !’ )
BANE 2 E 1S Asske £F)
N g >
00 ) )
e Q9B des d BREe At 20

A}8: Falkenmark(1989)9lx] A2HA.

H}) EREA](Water Scarcity Index, WSI)

Gleick(1990)= A& $I8t 215, Y (hygiene)S $1gt &, $JAYAIA (sanitation) ol B85
&, 32 dadt & 5 Qlzte] V)Rl Aol H gl E 7=k (Basic Water Requirements,
BWR)& 5538171 918F B7Pieks nhdshy] 98 EFSAR(WSDE 7P get. =55A15olx
3 Qe 7Bl B o dEe e )

Aghe] A gk 2315k 7|5l Al Algro] dubARl EES ¥ u) B9 k=

T+ 1909 3% SBJH R, National Research Council of the National Academy of

dlo
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YA (sanitation)& $13F Hax a7 sl B 2718 Aglshs #e] 7le2 At
tEARE o] Aasirhs 71RAQ 202 FYsH| T, skl 1919 #H4 20287t da
strkar AljkskAt.

585 9 Hag: AEY 582 8] flel ek =9 HahaTe 1919 152fE ]
thH(Gleick, 1993).

-QEE Sfet = a7 APE=Tiel ZIEETEE ateleted, 1917 aHF 102]H 9] &0
Zasittal skt

ool W} Gleick(1990)= 71221 QIRFe] &4 & Q7 U S02H = A8kt &gt

Falkenmark and Widstrand(1992)= A&& 918 B3k Fo] 1917 37l 1002]E=kaL Algkst
om, s, A, c|ABLE T F7HRI 8-S Fkele AF ol 1919 Zagh HA4ge
Bo] ofS o|Hr} 5~2087}8 o QFHTT A5} o] Vordsmarty et al, (2010)9]4]

A A Q] EXZE(water scarcity)S H7Fe o) f&E) ¢l vlEE FAsR= 2771 et

AP AL8)A ERZ A E(Social Water Stress Index, SWSI)
ko] o] &oll= 715 QIFHE ofue}, AREle] AAIA, 71 ]l T2l 7 A oA
ALE o8 & e T T Ak bl AH gRlEo] fdgit} Ohlsson(2000)2 -2
Wi, 25713, AR T o] AR 8959 A8 e e I AS AR

ot} AkSlE E5= R E(Social Water Stress Index, SWSI)E Ohlssono] A|¢kst =21 o] AL3]4
l

Y,
llo
)

2

HelsdS B3| 23] E2E 2RS4 (Water Stress Index, WSI)E UNDP2] QIZHREA|4
(HDDZE Yo] Fdsk3ict. UNDPe| Q7|4 (Human Development Index, HDI)&= A}S]

A9l WE EESh gl HEH Ao AAE de] olgstu gl Aolth

o}) FAFIF A A4+ (Water Resource Vulnerability Index, WRVI)

Shiklomanov(1993)F A|9o]] w2 EHol8-S 74, 34, ¥ A& (Domestic,



H2Z RH7sE =018 x|zl

Industrial, Agricultural, DIA)©. 2 A oJate] B-Fa}9]1L Raskin et al (1997) ©o]& 2 8a}0]
F Abole] HlER FAAFAGIAT

(Water Resource Vulnerability Index, WTA)S A|¢F3}Sic}.

o873k E(Q, discharge)@} Shiklomanove] EA4H]

DIA

n

WTA ratio=

n

Tkok WTAZ}F 20~40%2}H H-o] HE3CHwater scarce)al A J3}aL, 4045 23e 79 Azt

SH Eo] ¥=3 Al (severely scarce)2 A oJskal Ut

A} UN WATER(2006)

= I FolAL ARk ot

I 2-5 MA = 712 ffeh Z2ea

[BEERS:

e
=

el

EUE Y

RRUNEAFMHDDS} AAS & e AR
TV A Y] A3, i
R E3EHA 287 (BOD)
4 U A s 5
A7 A5 EaE Azl ol 88 F
A7 NS o8 £ 9= 9
IWRMS] A7 43

IWRMZ} =249] Az | IWRMGS] AAF &A 43
T7HER e TEZEQ

A&7 e
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.,.

I E 25, M S TIS 93 Taelela ()
FOEEES
ECIEEE
d Ara
O 4% 0%
ae o o} ¥802 EA e 2

o A5t A
o Gois A
3 onsAsE B9 Acleas &
Z Ak
% A215e FEAR 2 A
ART
% ~Eds ARGT FFER A

A o) % =
2 AFHAATESE)
2 AgEEASE gy A
2 ATH1S A5
o
27 % 5% AR
Aol o= 54l 0|24

e 27154 2 o 9 BEs
2% ARA AR
E g Ax

o AA 3 s AR
20 o
E ALk B A|l2Ho] FFEE 29 4
ot & Bola(EED)
Ry
N wops Bolg

Bt ol 5 Eols Au(5 N AEA D)

29 2018 AL(3U4l 8B AATE)

7H Eold =0Tl 8/F71EE2H)

A A E5E Q7

Zelt APEE

54 vIRE okl APY 2

Aoz gla ZAY 8l we Al

FRERE F52 Sl ZAG s8] e

oPgo] 2 dojot H ony]

]_
ofggo] 5 dojoret sao] FHaA 2o
4% 9 daduE Sig s
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) EA

A AFad T BNEA

WIE 3] R} o] FAAE ©WH
Wil Aakrg o gdhs W3
SHEAAE T WNE o)&se MAHEH

2 1eE ] =

N

A =9 9=
A GDP tiH] 7}

31817 A8 TH(COD) FE

R ARA rEF a7

AR FAEA FAE AT TF 87
W A AFAd o3 AR AR
B AAA BHe §%

Living Planet Freshwater A% (9%)
=7F @9l AEGE AR

e FHLL: 74

54 AN 2

4
i

AFg: UN WATER(2006)0)14] A2H4.
) 97 FAANY AAE AF AsbsH AE
Foxon et al.(2002)= A 2Rl G322 kel de] F7ke o e A&
FRE 5 s RS Addel] 93 mAl] A9 Aken Wk AEE T,
TAR Beje] ATV dE Wrkshe vl S ohdet Al AR, 71 FAld sl dRAS
AEE AAste] Frlskar lom g7 FAl Weof Ak 28 5ol £3E= AR

o)
1 R% 0-59) B3R WEE Feste] Brlskat

il
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o X o] Jal = N - o LY -
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x| 20!
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A= Vordsmarty et al,(2010)9l)4 AJ2HA.

I 12! 2-2, Vorosmarty et al (2010)9] o378 A|A|

I & 2-7 Vorosmarty et al (2010)9] X|ES=
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I X 2-7 Vorosmarty et al (2010)2] X|E&=2 (L)

S/R| FA|(Theme) 7% ¥ (Driver) A
TR 7ol =99 Aradne wae) S,
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N | A9 HAFTE pddE A
o ap
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524 e QAEAR AEEE sk HorlkEs 3
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S g | 298 solt A9E fRke 984 24 8 f5a
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A 5 _ i
=T o Ao wzkel EX AJRES2 b Ao oJgk
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gz WE
1 Alien et W ST SRS T
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= i
E o . SHAAYRAE FEATIY Fof AdH] 555 Wl
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A el 92 o | 77 Agwel A 444 ane e
= (River Fragmentation) | 589 o|FE A3t
an F &y
A ‘ 54, 419 Sol olB e e ik e FAEe] Aol
(Consumptive Water el smglo 5 o .
(Water Loss) 293 PAA7FEE HdEA §
Resources —

Development)

o7t & 2~EY~

(Human Water Stress)

Zto] 54 5 ol ke d9lsh] flsf 2adt

Y B 2Efx
(Agricultural Water Stress)

sE W3 s 2% B9 AREE AAEtY B9 tolE BA 31, of=
(Flow Disruption) FEE, 7718, THUARE 7R ARRAR] 35S el
ofFfetF vlE& Holtks L AEH A AeiA 72 2 7159
(Non-Native Fishes (%)) | &S Sutel= ool 744 v|&
offotE Holtke L AT A AdA 72 2 7159
AEgol (Non-Native Fishes (#)) | aghg 3= 9gjolgo] /WA &
(Biotic Factors) ol o4 )

(Fishing Pressure)

by
-

29} AT (trophic cascade)S H3HA)7]

74 <l
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I E 2-7 Vorosmarty et al (2010)9] X|EZ=Z (H%)
S/R| FA|(Theme) 754 (Driver) a9
A TR, Az FAEEE, YT, M 55
(Dam Density) 7Vsd3tA ke AR W olzglE 1y

o] A2=2k
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(River Corridor Access) FATHE X (Wetland Disconnectivity)
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A= Vordsmarty et al, (2010)9l]M AJ2HAL,

ED #9A&7Hs A A (Watershed Sustainability Index)
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2 A% 799 A&7 WISl =, A7 S44 S5 ARl el B A
T7F Y HPAARE, T2 ISR o FARA] G SRS AN foe) A&
7FsAdell thal theaL QA Xe-5 AAsksit. webd 9 telld= UNESCOS] Al =
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ST — H+E+L+P
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I £ 28 39 X|&7ksA X|E(Watershed Sustainability Index) T-AI24
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AN IFAFEEY olffolH, I T ol SH Holikee] A 2nlAkEA el et
A ARAlS] A 3E ks |l ARsithaL oAA LdRE AR BlEeR o8
HolgH (377 A4, 2008).
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A $euatdld ZARIL JE Ao UFAEE ghgate] 4, 241 A1), EA] Hol
oA wiEEE ZA AR e (Total Nitrogen Loading)g AL#]8FIaL 2009, 2010, 2011332 34
AsE st g EEFerh ST AL AT FHYAgTHAR" 2
A2eA AL dEFRETIEAR o AAE WA A9 E l8ste] ALkslon, vz
el JduiERelE, dr STk, Relde teh & AHAsts A =E3kith
upebA] o] Ailk= F ko] ofuel A wiEEE wiEHelEe] FHS st glon,
olE weWAY grow FTHEIY A3t
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HM4Z RolsE 20182 Y3t AIE AT 75

2) ¢ Tt

Bl Peltelol 2Rk sl oolon AL AR Bestel AL, 24, 49,
EXA|, 7]} HokollA vEEE F ¥ (Total Phosphorus Loading)-& 312438}$1L
2010, 201189} 3 ARE Htdto] S EE3SiT). wlE el JEuERekd, dlE
ot MRS T % RS AToRA Al ozt A S Wi
Fe vt sglon, S deHdoR Yol AlLkskait.

SeIHAE T ol wiETelS ALY 7.9kg/k/ Y, A& 4.50kg/kn/ Y, T 5.3kg/

2.7kg/kn/, QM3 2. 7kg/kn/Y, A L ASkS 2. 2kg/kn/ AR A REleF

T FARE AH EER dimAPE Ak RS SR = vEiet otk Solg

o] Mol Msicl ¢leh AXhe] FUY W IEF AF FAY 5 AT Uy A9 ¥ AFHeE
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4) EA REZ

AAHQ] BAF fE3 QI E o R Qg ISRl BAF 55 sl ofH7] wiiel
U Mg ATtellx] AR BEAF FAS Esty] g 8 ATEEARE AREShe]
AR e e EAMES F85h AE ERIeHTHReich et al,, 2001; Vordsmarty
et al., 2010), BFAWF B Qo= SR A|2012-1245 FES] 2] #g 2Ald] B

o

A EAJEE HEE G2 el =128 (Universal Soil Loss Equation, USLE) 2 £A33kE o83}
of A BAF frEde] ARA detE T8kt ekl

A5 AAHR)E 9] TN ZF FATAER ©E3 RS o] 83, EGHAAAAHK)E
FENEH FEDV AN AFshe B K2 o838kt AARIAHLS)= AR ZAke
Oo°ll T JAPERETae dEEtlaL, A EIAHOSH BAde AP Z7e] B0l
Goll whE B PG olF FAHEFEES T8l 213l R K, 1S, C, Paks a1l
et GIsE 3 #Fstait.

USLE &2 o]83te] d= THYe] FARA =T Boldde ofef T3 2ot ZAEA
FEFE G FOIA o 10,693,345Mg, TTH 9,980,950Mg, ‘HFEHEEHT 9,246,663Mg O =
S B ST A = vebten, dHs A Sl 9,296,105Mg 0 2 5 sk
AME =& FAEATZO] FAHIT

& 2Rt BAF e AR FAETAER AlEE A B ERRARIAHK)7E AlF
5 Alefet ghbwel| x|gt Ho= s, Heko g AR A HY e A (@verd, 5734
A 1) B AFE Aol g 2 B7FEA gttt wgk ekl FAFAVE AR 23Ee

PV, Hstel & TA 52 Al AA SAAell sl B7FEA 989171 vholl FAEA M-

(

O
\0

5) £EZ o] A|(http://soil.rda.go.kr) [2014.12.23 #HZFE<l]
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H4Z RHVISE =0I8S 2T KR A= IH

5 712 w5t
A Seldetol ZASE Qe oo ATHE AR Basel 4T, F4, A9,

EA, 716k ZokolM v Ees Ff7letebde A a7 BOD)IE esklaL 2009,

]

Nc

2010, 201139 33 ARE Hrstel] e RS} MEReEe NEEysE, BANE
B, RPAFS U F ARRIFS AFOoA WA ohlet A SAow ijEEe
b wrolelad} shglon], FR) BelmAoR el A,

gAY R BODES FAWY 81.6kg/ki/d, BRI 77.4ke/ki/Y, T
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e B ok o ekt fARE A9H RIS Hol oz ek



114

S XIAFST 20182 St XIE i B Mg Yot o

M

AN E
HE Mgy

Km

g

50

g

A PAp 2H,



115
g

R,

2 7
)

st X|E X
==
K3

o 2}
1= A= ooste] A

5]

3

0|

oizg ¢

&

o

1=

20004 7] Y SEF EATE

s
X

=

o
2ufetela] Al - )

2 sxtel Ahgse
2z WA

1)

5

}-

—~

s
il

T},

°
T

Z
S|

o] F4E 2EY 2} L 9]
AafetA] o] Aukoll A wl$- 5

Al 4ellM G

1

.

F78A

uE
£
P

"

1 51%, tEHZA| 48%,

60%= 7}

o

T

H]-&
A 48%, HAhH 47%=

8|

73

Al LrERst.

=
=

=0

5

H,

A 2] =i,

L

T

3lo] Yo 0. 2600E
5} Zg oA

n ey

=
LN

A

b agronz

I

23

Els

o

2=

o

H sdnz dubzhao] AgAz

S

s
tHellA 9] H]

o
é/\

o
o=

56%,
454

J

i Aoe Uit ¥

=

]

oy

5T

O;
I

) e
Uehgtor}

5 56%,



116

o XETkst 20182 9ot TIE T 3 S Yot o ()

£

— £
K 233%%8 &
ﬂln?godd
EB‘). [
—E ecAmT
R8 22523 3
K 1

(=]

4

A PAp 2H,

1 T2l 416, Z2K| X [ARIxE % EF2)



A4y RSTISE B0ISS AB XE A2 5

2) 275 LR

ERFSS AVtgzAde s, w2, %], 394 5 UE Tl AdTE 3 At
27Fs e A9 08 Aol w3l WA el w555 T T e A
A Fed vhsd B Aol W Zlog sidste] 2EY S Alle sl
FefuetalA Al - EE 20009 71 SRR EATES ol8dte] 74 FHgEE £RE
2 SAAE A BEASE T 7, 3], A 2 wEA|oe ZRehs ARk (100
el WS =Eskglth. gho] S5 2EAXL F& oveit

= AEo] AR FEMEFH) TRl 3on= e TR § 1w BR

FHES e, P 28%, At 4

jg

o

=
2006} 17%, $13 o] Yx|5t s3As] A 20%, T4 FH 5 A7ed F8 EAL E¥s=

i

i
il
X
K
r
>
2
offl
rO
N,
B
18
=
X
Hir
rlo

SHA, AEts S0 22 18%, 17%E

4
%0
o
)
oyl
rﬁ
[
)
N
12
o
ofy
o>
o
AL
flo
=
o
o
A
o,
3L
vl

TEA vleS SIS

:’m
¥
ofje

=]
=



z=F % SiBlclRlic 258 L1+ RC I

Bl Ml E

wy

0ol 05 1]
0011870 N
08°0-19°0 N
09°0 - 1¥'0 I
0v'0 - 12°0 [l
0Z'0-0000 |

Fﬂmwm‘w.wm )
akalk

wy

(L1 P ool [ 0 A\
Mot

9€°0 - 1€°0 I
0€°0 - 12°0 Il
02°0 - 1°0 [
010 - 90°0 [

500-000[ |
(oneJ)
Ixflle S+5&




119

H4Z RHVISE =0I8S 2T KR A= IH

2r

3) 7I=EE

Green et al,(2004) @ Vordsmarty et al. (2010)0ll4 2835+ Wb 20| ule}, 7} 7}5¢] E7o]
42 g n)x= Egdel oJgko] Acta Teksle] 7} 1] BHAGE el o]2 7)&e]
ol Fato] ARtetsitt. 41 A dATellx 7 7hse] Exled(da) o s w4s F4%
2 e, EA vt IS VSRR X eyt Alsthe F
8 715 FAATS AL Slvk, old wkeh 7 SR £ 2, gk, HA, Ho
FrEkElel 24 7k HaAlss A w3 AlF(Body Weight, 1,005 7102 gHilsto]
el AP AToNM T AFE H&eHA a2 A 2, fejugtidMes g 7t
453] ol £ AFolMe il ARkt HE Ao o] S5 2EYTL F5
ojujgitt,

I & 44 32 7150 =T A= A+ & Vorosmarty et al, 2010))

BTAF £ AFelA <] Vordsmarty et al.(2010)¢]
(kg) EAIT (=value/3 &) EA G (=value/Z 4)
R 450 1.000 1.00
kiny 350 0.778 0.70
A 60 0.133 0.19
5} 15 0,003

ALE: Vordsmarty et al, (2010)014] AJ2HA.

vkl 8 7R @hEt, A, JA, HE deR, FE9E T fAste] 4zt
TRATE Wg A ofgf a3 2o £3E FE 78 dEA FHASE Tl
© FEshE, MA, S S| At 72t 232977, 170700, 1312852 vk =7 e
wWal, S4HAY FHAME AL 208214, W3 152376, S 1435855 E A T,
92 ZE VIS T Tt w0t w2 TEEEAT

2 nglth FAU Ho ¥O GRS 5, B G B 2k 22 ) 447 Ek
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H4E R&71ss

ﬂH[I

4) SX Jlizte

=70 FAAEE ©2317] 98] Vordsmarty et al. 2010)9E AAl 5457 dlolg
(Global Lakes and Wetland Database, GLWD)Z o]-83}] A2 E57H A Y = a2 EA9E
ol ubA g FZ8Irt. HARE GLWD Hlo[H X -eluete] FA= A9 TFH A
o}, & AFoME 35 7Fset 71 FA2] EATE197s)N FAR FE A9 FE)
o o]833itt. HAL FA| HolEE vigo g, 2000 7| SuF EXTEAA A7FEAY
(100t} F2A 00U = A A HE THste] 7 TAPER &2 e kel
55 2EY 2 it

19750 BEAE AwE olgste] fejuete] T 4] Hg £ 5 AUl A3, 2k JAE
7108 MaftA S HelietA oS TR FAPL BaEskaL L, 7P e Re T
B W 28 FAPA FA7F A=A, VS8, debdsh, Bdd, S 82

209 AAol £4 BAslRo] nlrlal) Ueht Alelasd). YA frele A2 B Ao

A Wellde M2(F—3) TAHNM 19759 A4 F 66.3%7F A7FstA o 9
&l

o= FRIEIL, ASEE 64.7%, QM 56.8%, 78F 57.7%, 2l 51.8%,
HE ool NS Felstitt. B 5 thE S Welke =ik ellA

F4 AFINE hagzA 83.5%, FEEEd

N
Q0
B
X
B
o
N
N
- \o
X
fo,
=
o
o
o
B
r (o]
i
¥Q
jﬂ

Fo RHEYEe] FAHgT PRHAR AR, A% ERErke 433 A%

g Gubts AR AzA ] 80.7%, G 80.5%, AR 76.7%, @aVEsHT 73.9%=
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4% R47is3 20182 A AE A 74

o}, 2] FE4

1) &5 AEHA

3 2 Yo 2 250] =222 A 7 YRAAFET} =S Ao wekete] o
olgatlct. A9 Wl 1919 GROPE ARgsh= 29 7H2lelA A%

He 33 AR2E AgEog vkeddt £ 9oy, B AFEoME F GRDPE ARR3Ho 24

U} A2kl (GRDP) Ho]E]

mlm

AR R 5 ol F ) thehie olgalaA Aglen o AFHoR AL
29T 5 Y FY S ek S ok
EARONE 2 APAEEAE FE)Z AGFBAHCRDP) AEE AT glglon),
AT 82 99 ARE 7 A9 AHoR ARsel FAGY GROPE B3 £
AFE o] B4% 2EATL 4SS USEE ¢S 212 BN 7 902 NP
sholct

A= A19e] AqUFYHGROPIE T3 THGE L52EdAE F7KeE 23, BAgFe
78] ghe BREE Alefslal Yt thdHdT T A 2199902 7Y A2 &5

Uehfe] E& 2EASE A1as. ool FE4 SHWsHE 106899, BAH 1501944,

(o3

il

6) /1% (www.kostat.gokr) [2014.12.23 HF&Hl]
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H4Z RHVISE =0I8S 2T KR A= IH

o

2 MY 20|18 &

UNWATER(2000) M= 87Vt 2k 25 thy] QITke] =ol&-9 v7t 54 dAH ol
2 w7 Eol8-e] AksA Feo] etk 71 ol SH(water quantity)®] Al&7Fsd S
H7¥sl7) {lgt An=2 A AR/ A Thssh FAdF R ARSIt Vordsmarty et
al010)0lM % #19] 7ide Eate], 35 th] ARE=Fe] BI7L 1007} 2 wl7kA] AK3]A] & o]
A&H o2 STk, ol e 45 dldo] gl Zo= Al & 3wds 9 Wl =
0%, = AEFEE FY W IR QG Fol8or HAT H T @<= ol Akl

spA|NE S-gjuete] A9 o] Fdx] AR/ EE o] 0.1 29k 202 EIES]
o} webA 9 AReA o=k vg aestaat S HEsIt, Tk AR Bls)
=] Sg AF =08 o] A e aLgste] it figds Kt ol
2 o] ARE ARk o] ALFPHE AEgke] S5 vhH(EEY X A7) FEo] ARE
S whedet 5= glom R obA UNWATER(2006), Vordsmarty et al, (2010) Soll4] o538k o2
fx wkedstaL Slot,

T 9 B3 (a7, anek) 2 & AlsT) nielete] & AdbolA yeptA|
oL Helold FASe & e ARgo] vie- Ho] 168.0 G| oA (outlier) & VER}

w
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29 211 5O ¥ e BT, AT A = A2 Walol WA o} fEl
W8 Al ARG el A7) wizoleka BRIk b e ghe PAae] Aok S el
0.2302 viepstom o] ollol 1 vjuke] o2 HAH0.00)% FANL0.73)0] ERHIck
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71, SWe 194e] EFredd (mm), o= ARIC2H A ©9jo|n, RE ido] 29
(mm), G, = 140 72T (mm), L7 i4e] SEF (mm), W2 idel 7T
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Z5 0N, 1A 20, R ek Ul 9 s U, 99 18R FAH] et

3, VIR TS S AT B52] d ARS ARSI 4 A B S

I3 A1 GaRY 22 3 714 250 S

3T 35,144 126,905 56.47
FTH 35,200 126,989 83.70
RS T 35.373 127.014 100,00
Tt 35.115 126,997 907.64
2 35.271 126,936 38.69
P Bl 35.447 126,775 205.45
ik 35.354 126,820 240.00
v 34.964 126,844 78.87
T 35.003 126,896 32,61
SE XA il 35.031 127.041 92.59
AT o4 35.086 126,866 40,86
4% 34,875 126,971 96.48
e 5 35.098 126,773 16.99
5 34.958 126,789 31.20
BERE Wik 35,111 126,612 24.14
2HA 35.226 126,646 56.26
A 3 35,068 126,518 32.88
3 St 34,786 126,449 11.23

T - ] ' )
g L= 34,850 126,644 22.64
71874 2T 35.173 126.892 72.38
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A 35,485 126,939 350
47078 219 35.641 127.207 265
AT 35,708 127.347 420
73 9] 35.496 127.150 129.27
. AL 35.568 127,019 756.65
A% 35,423 127.216 89.95
9 35.545 127.333 126.2
oA oF 35,439 127.245 95,54
a4 35.630 127.348 206.5
oAk 35.261 127.117 103.63
P T2 35.375 127.133 95.57
Lk 35.393 127.209 89.45
I 35.331 127.217 74.18
Eal 35.409 127.391 106,17
A He2 35,546 127.539 330.06
% 35.319 127.311 64.48
TE 234 2= 35.295 127.329 59.56
g 59 35.081 127.104 174
=olu) fﬂl 35.893 127.137 112.3
4t 35.971 127,223 127.5
99 35.058 127.239 115
w7 =3 35.160 127.347 53.07
Az 35,127 127.250 74.85
Z1<t 35,243 127.709 691,72
T2 35,166 127,454 40
g 35.232 127.528 328.84
el 35,234 127.645 173.83
352 35.067 127.741 13.8
7178 4 35.111 127.808 33.57
4= 35.199 127.374 49.06
Sl 35.182 127.626 21.54
o 35.137 127.683 18.42
Pl 35.102 127.429 76.05
AA 35,211 127.475 35.55
743 2l 35.612 127.286 247.870
ERe 35,402 127.397 127.480

e )
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Az WA 2

HS Y] SRS A A pASse F 632 AHlolEE TERler, 71 45

T YT Je #5200 AES ARSte] ZIYHolEE TEEksler 74 #5ae] df

-
kKl
®
W
o
rA
0
oy
-0
Ha
N
0>
e
e
>
rar
i

Y 34,720 126.810 41,640

A 34.800 126.830 91,270

=& A 34,700 126,770 39.080
S 220% TE 34.640 126.820 13.160
T 34,730 126,910 41.830

54 34,750 126,890 58.000

717344 &5 35,612 127.286 247.870

Ag: B3 4,
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S XEIRs?t 20182 Qo XIE Y U TG e ¢ ()

4, €t Zut

7} SWAT-CUP 2.o| ZAx}

AFE A He] SWAT-CUP B85 &3l 1= vViHT &8t 23+ (F A4-4) o} 2t}
A Al 9 G Folo 38, AXNA, 1A, G dRe AR
oA, 84, g Folrt, A 25
AVE (G A4S, (F A4-0)T Br), A Y AV §99 54, AN G317

-

e SR Bxgel A%, P

Z
C

I E A4 92 SWAT-CUP 20| Za}

I 2008/01/01 ~ 2011/12/31 2012/01/01 ~ 2012/12/31
eee 0.75 \ 0.88 0.80 \ 0.91
A9 2008/01/01 ~ 2010/12/31 2011/01/01 ~ 2011/12/31

e 0.88 \ 0.94 0,64 \ 0.82

el 2008/01/01 ~ 2010/12/31 2011/01/01 ~ 2011/12/31
e 0.78 \ 0.90 0.66 \ 0.82

- 200(;8/01/01 ~ 2010/12/31 2011/01/01 ~ 2011/12/31

89 \ 0.94 0.82 \ 0.93

o 2008/01/01 ~ 2010/12/31 2011/01/01 ~ 2011/12/31

- 0.74 \ 0.87 0.82 \ 0.93
P 2009/01 ~ 2009/12 2010/01 ~ 2010/12

© 0.52 \ 0.82 0.94 \ 0.98
. 2009/01 ~ 2011/12 2012/01 ~ 2012/12

e 0.64 \ 0.78 0.53 \ 0.78

Az B4 A,
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= °
g .

I A4-5 TN SWAT-CUP Z9| Z1u}

Be7 2008/01 ~ 2008/12 2000/01 ~ 2009/12
0.80 \ 0.90 0.84 \ 0.97
- 2008/01 ~ 2008/12 2009/01 ~ 2009/12
A4
0.93 \ 0.98 0.77 \ 0.94
e 2008/01 ~ 2008/12 2009/01 ~ 2009/12
0.63 \ 0.99 0.53 \ 0,84

A WA 4

I & A4-6, TP SWAT-CUP Z9| &1}

] 2008/01 ~ 2008/12 2000/01 ~ 2009/12
S8
0.93 \ 0.98 0.91 [ 0.98
] 2008/01 ~ 2008/12 2000/01 ~ 2009/12
BRE
0.74 \ 0.95 0.53 \ 0.84
g% 2008/01 ~ 2008/12 2009/01 ~ 2009/12
0.77 \ 0.99 0.53 \ 0.96

Az Wi 2y,

1R 2 5Y - opieS 83 Y BIZE 2

B dTdME o A, 2Ae 98l SUFL2 darelss ARkt & 79 2ol 18749
AR o] 88kl 71X HAu S Zobks W2 SWAT-CUPEE W= 37}
K

o] Whgol Qo B AFolA = replace WHY respective WS ARSI HAuyHEE

ol W oM, respective W2 S W7l 1450131 BtS webEA el v

2 ZbolF= HWhyoltd, Replace WS ARE3te] ALPHA_BF, GW_DELAY, GWQMN,
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X27ts 20H8S Aot X i A M8 Yt A+ ()

GW_REVAP, REVAPMN, RCHRG_DP, ESCO, OV_N, SLSUBBSN, CH N2, CH_K2,
ALHPA_BNK, SMFMX, SMIMP, SFIMPE #5}5}%] 0.1, respective WH-S ARE-3Fe] CN2,
SOL_K, SOL_AWCE #HZs}slolt). 7 HAskE 93k B9l SWAT-CUP ol =
Absolute_SWAT _Valuesol|A] A|AJsh= A, A7 AFESEIT

SWAT-CUPWOI= ttesteh P-value gh& $8f H28< gtoll whe Ue £4< dARH.

I3 A7 RER 4 - 2ES 2I8 ol ol 3 e

r_CN2,mgt SCS runoft curve number f 0 98
v_ALPHA BF.gw [Baseflow alpha factor (days) 0 1
v_GW_DELAY, gw |Groundwater delay (days) 0 500

Treshold depth of water in the shallow aquifer required for
V_GWQMN. gw 0 5000
return flow to occur (mm)
v_GW_REVAP gw |Groundwater "revap" coefficient 0,02 0.2

Threshold depth of water in the shallow aquifer for "revap'

v_SLSUBBSN.hru |Average slope length

v_REVAPMN, gw 0 500
to occur (mm)
v_RCHRG_DP,gw |Deep aquifer percolation fraction 0 1
v_ESCO. hru Soil evaporation compensation factor 0 1
v_OV_N, hru Manning's "n" value for overland flow 0.01 30
10
0
0

r SOL K sol Saturated hydraulic conductivity 2000
r SOL_AWC,sol  |Available water capacity of the soil layer 1
v_CH_N2.1te Manning's "n" value for the main channel -0.01 0.3
v_CH_K2. rte Effective_hydraulic conductivity in main channel alluvium | -0,01 500
v_ALHPA_BNK rte [Baseflow alpha factor for bank storage 0 1
Maximum melt rate for snow during year (occurs on summer]
v_SMFMX bsn 0 20
solstice)
v_SMTMP, bsn Snow melt base temperature -20 20
v_SFTMP, bsn Snowfall temperature -20 20

ALZ: Abbaspour, 2008

SWAT-CUP B3 o83 3874 foo §% vihas 443 2% A=uphase (&

A4-8)3} 2}, Zh Zh vz FHF 3RS CN2E 34,10, ALPHA_BF= 0,56, GW_DELAY+=
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321,72, GWQMNE 214171, GW_REVAPE 0,14, REVAPMNE 29,31, RCHRG_DPE 0,47,
ESCOE 0.69, OV_NE= 7.63, SLSUBBSN:= —22.54, SOL_K& 1169.32, SOL_AWCE 0,62,
CH_N2%= 0.35, CH_K2E 82.03, ALHPA_BNKE 1.09, SMEMX:E 22,45, SMIMPE 16,41,
SFTMPE —25.230.2 UElsith

g vzl O7w B Ay (F A48y 2tk 7 mpEed A O E 3e
Uehl™ 854 froo] ite 24 23 ttest?} P-value §k0] 22,25, 0,008 HOJ= OV_NO]
7V W17k ekt

r_CN2.mgt 34.10 -0.69 0.49
v_ALPHA BF.ow 0.56 0.69 0,49
v_GW_DELAY.gw 321,72 0.13 0.90

v_GWOMN, gw 214171 1,56 0.12
v_GW_REVAP gw 0.14 -1.84 0.07
v_ESCO.hru 0.69 1.09 0.28
v_CH N2 1te 0.35 5.62 0.00
r_SOL_K(,),sol 1169.32 -0.81 0.42
r SOL AWC(,).sol 0.62 -0.51 0.61
v_CH K2.1te 82.03 13.71 0.00
v_REVAPMN, gw 29 .31 0.41 0.68
v_RCHRG DP.gw 0.47 -0.34 0,73

v_OV_N hru 7.63 22.25 0.00

v_SLSUBBSN. hru -22.54 -0.95 0.34
v_SMFMX bsn 22.45 1.63 0.10
v_SMTMP bsn 16.41 0.40 0.69

v_ALPHA BNK.rte 1.09 3.00 0.00
v_SFTMP . bsn -25,23 0.09 0.93

A5 94 4,

SUFI-2 &1

5 59 AHE Y Jepd ol R SRS vluskiri
H Ao 19 AdY), Hlade 1] 7Pk HAe] 3hE YEhlle NSE(Nash and Sutcliffe,
19700+ 0.75 A8 R 0.882 Aukz oz #2o] sjelg 2 ufzw 98-S Felsklet.

=& 2P E AT o83kl AF A3t NSEE 0.80, FAF RE 0,912 B350
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940t X TRt

i o [e}e) 2=
s 2 =21 s & F AT
Calibration Validation
1000
—— L95PPU
— U95PPU
800 - o Observed °
—— Simulated
600 -
m
£
O 400 4
(o3
200 ~
0 -
T T T T
01/01/2008 01/01/2009 01/01/2010 01/01/2011 01/01/2012 01/01/2013
Date (MM-dd-yyyy)
Ag: G A,
I 38 M6 822 mo| 3l BERE APeS

Simulated

Simulated

A 24 A,

400
Observed

(7} Calibration

200 600

I O3 Ad-7,

800 1000 0 100

2[;0 3(;0 4(;0 5(;0 6(;0 700
Observed
(\}) Validation
S =~ O
Y52 po| 3 pBEgY APNE 23
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HZ

T=

2. TN Z - BH - ojpise X 3 oz 24
S A, B 3 iiErEs (B A4S} Bt R A fES EUE Al

o R} Agoly] WhEel #5F 7, AL SAa Aol NS 2, HAS 9% i

rr

10715 F7kske] & 28709 mi/fHE 22l8}9lth. Replace WS AM8-8l4] ALPHA BF,
GW_DELAY, GWQMN, GW_REVAP, REVAPMN, RCHRG_DP, ESCO, OV_N, SLSUBBSN,
CH_N2, CH_K2, ALHPA_BNK, SMFMX, SMTMP, SFTMP, SURLAG, RSDCO, RCN, NPERCO,
CMN, RSDIN, ERORGN, SHALLST N, CH_ONCO, USLE_PE HZ|3}5}5].0 1, respective W'
& AR&SE] CN2, SOLK, SOL_AWCE HA3lskqirt, miziso] Hele f33 viR7HAIR

SWAT-CUP Wl 2= Absolute_ SWAT Valuesol|A AAIehH= Hdl, HA23S AFE35FIC
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X27ts 20H8S Aot X i A M8 Yt A+ ()

IE A4-9 TN A - BNZ 2|8 o7 Mo U e

r CN2, mgt SCS runoff curve number f 0 98
v_ALPHA_BF gw [Baseflow alpha factor (days) 0 1
v_GW_DELAY gw |Groundwater delay (days) 0 500
Treshold depth of water in the shallow aquifer required for

v_GWQMN, gw 0 5000
return flow to occur (mm)

v_GW_REVAP gw [Groundwater "revap" coefficient 0,02 0.2
Threshold depth of water in the shallow aquifer for "revap

v_REVAPMN. gw 0 500
to occur (mm)

v_RCHRG_DP.gw |Deep aquifer percolation fraction 0 1

v_ESCO,hru Soil evaporation compensation factor 0 1

v_OV_N. hru Manning's "n" value for overland flow 0,01 30
v_SLSUBBSN hru |Average slope length 10 150

r_SOL K sol Saturated hydraulic conductivity 0 2000

r SOL AWC, sol  |Available water capacity of the soil layer 0 1
v_CH_N2.rte Manning's "n" value for the main channel -0.01 0.3
v_CH_K2, 1te Effective_hydraulic conductivity in main channel alluvium | -0,01 500
v_ALHPA BNK. rte [Baseflow alpha factor for bank storage 0 1
Maximum melt rate for snow during year (occurs on summer]
v_SMFMX bsn . 0 20
solstice)
v_SMTMP . bsn Snow melt base temperature -20 20
v_SFTMP, bsn Snowfall temperature -20 20
v__SURLAG.bsn  [Surface runoff lag time 0,05 24
v_RSDCO.bsn  Residue decomposition coefficient 0,02 0.1
v__RCN, bsn Concentration of nitrogen in rainfall 0 15
v__NPERCO.bsn  [Nitrogen percolation coefficient 0 1
v__CMN, bsn Rate factor for humus mineralization of active organic nitrogen| 0,001 | 0.003
v_RSDIN.hru  [|Initial residue cover (kg/ha) 0 10000
v__ERORGN.hru  Organic N enrichment ratio 0 5
Concentration of nitrate in groundwater contribution to
v__SHALLST N.gw . 0 1000
streamflow from subbasin (mg N/1)
v_CH ONCO.rte  [Organic nitrogen concentration in the channel (ppm) 0 100
v__USLE_P.mgt |USLE equation support pra 0 1

A& Abbaspour (2008),

S o] 7 W HAst A HH vy B Hele (F A4-10) 3 2 7t
Z} oy HAES ALPHA_BF= 0.65, GW_DELAY:= 372,12, GWQMNE 2302.62,
GW_REVAP+ 0,06, REVAPMN+= 12,50, RCHRG_DP+= 0,56, ESCO= 0.40, OV_N+= 2,58,

SLSUBBSNE 161,83, CH_N2= 0,17, CH_K2= 155,74, ALHPA_BNK:= 0,00, SMEMX: 14,51,
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SMTMP+= -7.05, SFTMP+= -28.28, SURLAG:= 5.07, RSDCO+= 0,12, RCN+= 0,47, NPERCO=

0.63, CMN+= 0,00, RSDIN+= 5216,35, ERORGNT 1,62, SHALLST_N+= 429,76, CH_ONCO+=

26.33, USLE_P+= 0.67, CN2& -42.13, SOL K& 86,64, SOL_AWCE 0.252 YERITE
3G v ke A A (F A0y E, S8 o] WIRE A A testo}

P-value #to] 2595, 0.00& Hol= ALPHA BNK7} 713 RI7FsHAl YERSITE

1 E A10, BEZ TN opfisis: mjmst 9 oizis 24 2

r_CN2,mgt -42.13 -0.25 0,80
v_ALPHA BF ow 0.65 0,08 0.93
v_GW_DELAY gw 372,12 0.77 0,44

v_GWOMN, gw 2302.62 0.25 0,80
v_GW_REVAP ow 0.06 2.15 0,03
v_ESCO,hru 0,40 -0.69 0,49
v_CH N2 rte 0.17 -0,96 0.34
r_SOL_K(),sol 85,04 -0,79 0,43
v_CH K2 rte 155.74 -0.88 0.38

r SOL_AWC(),sol 0.25 -0.93 0.35
v_REVAPMN, gw 12,50 0.35 0,72
v_RCHRG_DP gw 0,56 0,22 0.83

v_OV_N.hru 2,58 0.98 0.33

v_SLSUBBSN, hru 161.83 1,08 0,28
v_SMFMX bsn 14,51 0.89 0.37
v_SMTMP, bsn -7.05 0.45 0.66

v_ALPHA BNK. rte 0,00 2595 0.00
v_SFTMP, bsn -28.28 -0.98 0.33
v_SURLAG,bsn 5.07 -0.23 0,82
v_RSDCO bsn 0,12 0,37 0,71

v_RCN, bsn -0.47 -2.21 0.03

v_NPERCO,bsn 0.63 -0.29 0.77

v_CMN, bsn 0,00 1,27 0,21

v_RSDIN hru 5216.35 0.20 0.84

v_ERORGN, hru 1,62 0.61 0.54

v_SHALLST N, gw 429,76 1,02 0,31

v_CH_ONCO.rte 26.33 -0.54 0.59
v_USLE P.mgt 0.67 0.44 0.66

A B A,

SUFL2 ¢atefsg 3 AP A= vehd 5o) TN 3= TN W] ash el
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X&7Fsth 20K 19t X|E 7L 8

HE G & 0

2 = -
A4-87} 19 A4-9). AP} NSEE 0.80, F8AlG R 0.900.2 #=9] Jels 2 max
o o0 3Flol = = =) =z= L 2=
W= GRlskdeh. &gk 2P E HHuHFE o8-8kl HEek A3 NSE= 0.84, AR
2 = 5 o) [T o=
RE 0972 #39] i8S & =21 358 ¢ & Sk
Calibration Validation
5000
L95PPU
U95PPU
o Observed
4000 Simlated
3000 -
=
o
£
g 2000 -
z
=
1000 -
0 -
2008-01 2008-05  2008-09 2009-01  2009-05 2009-09  2010-01
Date (yyyy-MM)
g A A
132 A8 822 29 9l BE TN ADgE
3000 3500
2500 4 3000
2500
2000
B B 20004
© ©
S 1500 4 =
% (% 1500
1000
1000
500 4 500
0 T T T T T 0 T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Observed Observed
(7h Calibration (\}) Vvalidation
Az DA 2,
102 Ac9, BEZ 20| ol BE TN MRIFE 23
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3. TP A - BM - o x[X3 H 2iAT 24

TPS 7, BAE] Y3t i as (F A1) T 2ot 23 7, BAS 98 nziuseo)
TPl A, BAE Sfgk w7 1170E F7kete] & 29709 mi7iFE aLefskgitt. Replace
o A}-2:3}6] ALPHA_BF, GW_DELAY, GWQMN, GW_REVAP, REVAPMN, RCHRG_DP,
ESCO, OV N, SLSUBBSN, CH_N2, CH_K2, ALHPA_BNK, SMEMX, SMTMP, SFTMP, PERCOP,
PSP, PPERCO, SURLAG, RSDCO, BC4, RS2, RS5, ERORGP, USLE_P, CH_OPCOZ ##3}3}4]
o, respective S ARE-E1e] CN2, SOL_K, SOL_AWCE #Z3}lel3ict, w7li<re] Wel=
F37} TR 2 SWAT-CUP Woll 91+ Absolute SWAT Valuesol|A A= A, A3
Arg st
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r CN2, mgt SCS runoff curve number f 0 98
v_ALPHA BF.gw [Baseflow alpha factor (days) 0 1
v_GW_DELAY.gw |Groundwater delay (days) 0 500
Treshold depth of water in the shallow aquifer required for

v_GWQMN, gw 0 5000
return flow to occur (mm)

v_GW_REVAP gw [Groundwater "revap" coefficient 0,02 0.2
Threshold depth of water in the shallow aquifer for "revap"

v_REVAPMN. gw 0 500
to occur (mm)

v_RCHRG DP gw [Deep aquifer percolation fraction 0 1

v_ESCO,hru Soil evaporation compensation factor 0 1

v_OV_N. hru Manning's "n" value for overland flow 0,01 30
v_SLSUBBSN.hru |Average slope length 10 150

r_SOL K sol Saturated hydraulic conductivity 0 2000

r SOL AWC, sol  |Available water capacity of the soil layer 0 1
v_CH_N2.rte Manning's "n" value for the main channel -0.01 0.3
v_CH_K2, 1te Effective hydraulic conductivity in main channel alluvium | -0,01 500
v_ALHPA BNK. rte [Baseflow alpha factor for bank storage 0 1
Maximum melt rate for snow during year (occurs on summer]
v_SMFMX bsn . 0 20
solstice)
v_SMTMP . bsn Snow melt base temperature -20 20
v_SFTMP, bsn Snowfall temperature -20 20
v__PERCOP bsn  [Pesticide percolation coefficient 0 1

v__PSP bsn Phosphorus sorption coefficient 0,01 0.69
v__PPERCO.bsn _ [Phosphorus percolation coefficient 0 0.69
v__SURLAG.bsn  [Surface runoff lag time 1 24

v_RSDCO.bsn  Residue decomposition coefficient 0,02 0.1
Rate constant for mineralization of organic P to dissolved P
v__BC4.swq i . 0.02 0.1
in the reach at 20 C[1/dayl
Benthic (sediment) source rate for dissolved phosphorus in|

v__RS2.swq . 0.01 0.7

the reach at 20 C[mg/(m3.dayy)]

v__RS5.swq Organic phosphorus settling rate in the reach at 20 C[1/dayy] 0,01 0.1
v__ERORGP.hru  Organic P enrichment ratio 0 5
v__USLE P.mgt |USLE equation support pra 0 1
v__CH_OPCO.rte  |Organic _phosphorus concentration in the channel (ppm) 0 100

AFE: Abbaspour (2008).

38% e
Zt v

GW_REVAPE 0

7 v s A5 A uppad g

W HA7ES ALPHA_BFE= 0.80, GW_DELAY+

HeE (F Ad12)9 2o 7
377.68, GWQMNE 208,82,

0.03, REVAPMN& 622,53, RCHRG_DP+= 0,35, ESCOT -0.07, OV_N& 31,00,
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SLSUBBSN+= 46,58, CH_N2+ -0,07, CH_K2% 622,53, ALHPA_BNK+= 0,01, SMEMX+= 6,006,
SMTMP+ -10.44, SFTMP+= -0.09, PERCOP+= 0,77, PSP+ 0.42, PPERCO+= 0.68, SURLAGE
10.91, RSDCO+= 0.07, BC4+= 0.15, RS2+ 0.35, RS5+ 0.10, ERORGP= 3,43, USLE_P+ 0.37,
CH_OPCOE 115,89, CN2& -43,30, SOL_K+= -239.19, SOL_AWCE 1,298 YEPTH
3G v WiRke B4 A3 (B Ad12)oF B, S8 o] WIRE A A ttesto}

P-value ko] 21.48, 0.00% Ho|:= ALHPA_BNK7} 7F3 w178 vrebyttt

| E A-12 BEZ TP opfis: 553 23}

v__PERCOP, bsn 0.77 0.49 0.62
v__PSP.bsn 0.42 1.09 0.27
v__PPERCO.bsn 0.68 -3.13 0.00
v__SURLAG bsn 10.91 0,89 0.38
v__RSDCO.bsn 0.07 -1.11 0.27
v__BC4.swq 0,15 -0,58 0,56
v__RS2.swq 0.35 -2.70 0.01
v__RS5.swq 0.10 -0,96 0.34
v__ERORGP hru 3.43 -1.49 0.14
v__USLE P mgt 0.37 -1.16 0,25
v__CH OPCO.1te 115,89 0.22 0.83
r__CN2 mgt -43 30 -0.24 0.81
v__ALPHA BF.ow 0.80 -1.56 0.12
v__GW_DELAY gw 377.68 -0.17 0.86
v_GWOMN gw 208,82 -1.52 0.13
v__GW_REVAP.ow 0.03 -1.93 0.05
v__ESCO.hru -0,07 1.97 0,05
v__CH N2 1te 0.10 -0.90 0,37
r__SOL K(,.).sol -239.19 0.14 0.89
rSOL AWC(..).sol 1.29 0.53 0.60
v__CH K2.rte 622,53 -0.67 0.50
v__REVAPMN. ow 449 .94 1.33 0.18
v__RCHRG DP, gw 0.35 -0.89 0,37
v_OV_N. hru 31.00 -1.38 0.17
v__SLSUBBSN. hru 46,58 1.41 0,16
v__ SMFMX bsn 6.06 0.22 0.83
v__SMTMP bsn -10.44 0.82 0.41
v__ALPHA BNK rte 0.01 2148 0.00
v__SFTMP bsn -0.09 -1.39 0,16

A B A,
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2 e

SUFI-2 &ar
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2+ = =
R 0,982 @59 e & w21 9I3s & + SiSirh
Calibration Validation
300
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A WAk A, _
1023 A-10, 882 29| I B
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TP AAYE
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(7h) Calibration
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Az A 2,
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rd
il
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(\}) Vvalidation
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2 AL (OY A12), (OF A4-13), (O A4-14) 9}
ol A7) HE =23} sjugtrt, v o W F7F B 5E 2] vl A9 {Ee A
59 Z Jasltelo] 200049 101 m’/s, 2010 121 m’/s, 2011 90 m'/s, H7H(2009~2011)
104 m”/so.2 7P A7 mejHglon], A% £ Fole AxBsR7E 20099 158 m/s,
2010 216 m’/s, 20113 212 m/s, FT(2009~2011) 195 m’/s2 71 A Re]=eh AxH

ool Hls) %ol 27 EE & ek

o
i
2,
N,
o
Ho
2
o
2,
>.
o
Ho

AP TN 739 20091 673,436 kg/yr, 20108 595,673 kg/yr, 2011\3 465 474 kg/yr,
HH(2009~2011) 578,194 kg/yr, TP2] 74-%- 2009%d 90,014 kg/yr, 2010'd 73,723 kg/yr, 2011\d
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Workshop Agenda: Monday 17 November 2014

08:30 - 09:00 Continental breakfast

09:00 - 09:10 Welcome and opening remarks by Diego Rodriguez, Water Global Practice

09:10 - 09:30 Workshop overview and objectives by Marcus Wijnen, Water Global Practice

09:30 - 10:15 Presentation by Charles Vorosmarty/Pamela Green/Ben Koster, City University of New
York: methodology followed, initial outcomes

10:15 - 10:25 Presentation by Jong Ho Ahn, Korea Environment Institute: introduction of KEI

10:25-10:55 Presentation by Yeonjoo Kim, Korea Environment Institute: country case study overview,
results, challenges

10:55 - 11:10 Coffee break

11:10 - 12:30 Discussion Session 1: “How" will the indicator measure sustainable water use?

12:30 - 13:30 Lunch break

13:30 - 13:50 Presentation by Betsy Otto, WRI: Aqueduct Global Water Risk Mapping Tool

13:50 — 15:15 Discussion Session 2: “What” data will feed into the indicator?

15:15 - 15:30 Coffee break

15:30 - 15:45 Presentation by Jos Verbeek, Advisor, WB Office of the President’s Special Envoy:
Overview of the SDG process

15:45 - 15:55 Presentation by Rick Lawford: WHO-HABITAT-UNEP project to monitor indicators
associated with the OWG Water SDG

15:55 - 16:45 Discussion Session 3: “Why" do we need a WB indicator?
5DGs

16:45=17:00 Concluding remarks

17:00 - 19:00 Reception — Private Dining Room AB (floor C1)
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Workshop on Global Indicator for
Sustainable Water Use

Hosted by the World Bank Water Global Practice and the Korea Environment Institute, with the support
of the National Research Council of Economics, Humanities and Social Sciences of Korea

Movember 17, 2014 | World Bank Headquarters — 1818 H Street NW, Washington, DC 20433 | Room MC7-100

Context

Population growth, increasing food and energy demand and rising living standards in many countries are
among the factors contributing to a growing pressure on global water resources. Climate change may
add additional pressure to water resources already under stress. At present a large number of countries
and regions, both rich and poor, already face water stress — seasonally or permanently = with total
demand for water exceeding the available renewable resource base. Balancing the competing demands
of various sectors, including critical environmental water needs, and preserving the quality of available
resources are the rationale behind water resources management.

Measuring progress of countries towards a sustainable development path is critical to the World Bank’s
mission. There is also increasing demand for measuring sustainability from donors (IDA17
replenishment) and the international community (post-2015 and SDG Consultations). Water being vital
to life on earth but also an indispensable source for most economic sectors, sustainable water use and
healthy aguatic ecosystems are an essential condition for sustainable growth. Water resources
management is underpinned by sound, continuous monitoring providing data trusted by all
stakeholders. However, many Bank client countries encounter situations where there is a paucity of
reliable data on the quantity and quality of available water resources and on the amounts of water used
by various sectors. Poor monitoring contributes to poor regulation and mismanagement of water
resources often resulting in overuse of available fresh water resources, inequitable access mostly
harming the poor and vulnerable, exposure to natural hazards like floods and droughts and
environmental damage and pollution.

Within this context the World Bank is committed to developing an indicator for Sustainable Water Use.
Such an indicator could serve as an important tool to measure countries’ progress towards a more
sustainable development path. At the same time, the indicator could help in identifying existing hot-
spots where water resources are particularly under pressure and guide long-term investment plans in
water resource infrastructures or in other water dependent economic sectors.

Workshop Objective

In 2013 the World Bank began exploring the feasibility of producing an indicator measuring sustainable
water use at the country level, together with a team of experts from the Environmental Crossroads City

I J2AS-2, =HSSHAE EZH0i
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University of New York and the Korea Environment Institute supported by the National Research Council
of Economics, Humanities and Social Sciences of Korea. This initial work has focused on building a
methodology for a meaningful indicator at country level, identifying the core components of such an
indicator, evaluating available data sets that could contribute and mapping the key challenges and gaps.

At the conceptual level it was decided that the indicator should measure sustainability considering both
quantitative and qualitative aspects. A number of core building blocks have been identified and on some
blocks substantial progress has been made whereas on others key challenges remain. Given the absence
of adequate and reliable monitoring data in many World Bank client countries the indicator will have to
rely heavily on data obtained from a variety of remote sensing platforms, global data sets and modeling
techniques.

To validate initial results and to assess the challenges posed by using global data sets versus data
available at country level a country case study has been including, focusing on South Korea. Data with
high quality and resolution on the country have been utilized to evaluate sets of indicators — both
individual and composite — that have been initially suggested to measure sustainability. This work will
help us to identify the challenges and opportunities in using global data.

During the one-day workshop methodology, initial results and country case study will be presented.
These preliminary results will form the basis for targeted discussions among a selected audience of
experts from a range of global and national scientific institutions, development agencies and non-
governmental organizations.

Working sessions will focus on the proposed methodology and the data used — additional options to
explore as well as the possible final shape of the sustainable water use indicator. The outcome of the
workshop will help define the next steps in the development of a sustainable water use indicator. The
workshop will also look into possible synergies with Water Sector SDGs.

Contacts:

Marcus Wijnen

Senior Water Resources Management Specialist
World Bank — Water Global Practice
mwijnen@worldbank.org

Dr. Yeonjoo Kim
Research Fellow
Korea Environment Institute
yikim@kei.re.kr

Dr. Ik-Jae Kim

Senior Research Fellow

Korea Environment Institute
Economist

Woarld Bank - Water Global Practice
ijkim@workdbank.org
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Abstract

Development and Application of Sustainable Water Use

Indicators

With increased concerns of sustainable development, sustainable water resource
management is considered as one of the most significant issues for human-beings
to meet their needs to preserve their lives now and in the future. Though water
is a circulative resource on earth that is constantly rechargeable, some regions are
still suffering from lack of available water from time to time, due to the seasonal
rainfall variances and inappropriate water resource management. In addition, it is
projected that increasing human activities and climate change impact would reduce
the availability of water resources in the future. To deal with impending water
crisis, it is currently required to take a broad view of integrating additional
water-related circumstances that affect human’s water use. In other words, it is
getting more important to foster healthy ecological socio-economic environments
as well as increasing the water availability by stabilizing the balance between water
supply and demand.

However, sustainable water use has not yet been thoroughly discussed in terms
of the water management in Korea. Previous national water programs in Korea
have been focusing on increasing the water availability and preventing flood
disasters, and current water use policy is still focused on constructing and
maintaining water infrastructures.

Therefore, it is needed to assess the sustainability of water use in Korea to achieve
safe and continual water use. To improve the sustainability of water use and ensure
human water security, locating the most vulnerable areas is a primary condition.

Several previously conducted water availability researches tend to adopt
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indicator-based approaches to figure out the current state of water uses, because
it is easy for the public to understand and directly applicable to decision making
for the policy makers.

In this study, we aimed to develop sustainable water use indicators in South
Korea. To accommodate a sustainability term as a whole, we included 5 categories
representing various aspects that have effects on water uses, including terrestrial
watershed environments and social-economic status as well as water supply and
demand. According to the categories, we built up 30 indicators in terms of both
pressure and response on water use. Considering the relative weights in indicators
and the categories deducted from the analytic hierarchy process (AHP) from 45
water-related experts, we integrated sustainable water use index depicted upon 117
mid-basins in South Korea. Furthermore, we added a series of preliminary
sensitivity tests on indicators and indices to assess the robustness of our results.
They cover several correlation analyses between indicators, categories and final
index as well as sensitivity tests on weight application in every indicator and index.

According to the study, we could figure out some of the significant features with
mid-basin scales. First, water use pressure was high in western low-land basins
where large agricultural plain is located and several insular areas where available
water is highly limited. Second, a response index was high in upstream basins where
available water is plentiful and large cities where socio-economic capability is
well-organized. In summary, sustainable water use index showed low sustainability
in western low-land areas, the coastal and insular areas, and high sustainability
on water use was exhibited in highland basins. Highly populated large cities showed
fair index values due to the trade-off between pressure and response.

According to the preliminary sensitivity test, we found that most indicators
showed independency in correlation analysis. However, some cases of the
relationships between land use and pollution loading showed high correlation which
was shown in the VOrOsmarty et al.(2010) correlation result as well, because
anthropogenic land use are meant to be a source of water pollution. Four out of
five categories showed directional concordance with a finalized sustainable water
use index. Equitable water management category was the only exception that
showed the opposite tendency in sustainable water use index. But we consider it

meaningful as a result of including socio-economic factor that might represent



trade-offing drivers that have not been considered before. The differences due to
adopting weights were barely recognized in both indicators and indices.

Aside from assessing the sustainability of water use in Korea, we additionally
conducted a collaborative project with the World Bank and City College of New
York (CCNY) on applying water security indicator in South Korea. By adjusting
our results with recent and high-resolution data and comparing them to the
previously developed water security indicator by CCNY, we intended to analyze
the temporal differences between the results and verify the availability of
down-scaled indicator application in a global scale. The results from comparative
water security index showed that newly developed index by KEI indicates improved
water security values in western lowland areas and degraded values in highland
areas, resulting in general water security degradation in South Korea compared
to the previously assessed result. It implies that applying recent and detailed data
to reflect more specific status in Korea has led to deteriorated results in this study.

In the next year, we expect to validate indicators and index extensively to back
up the limited preliminary sensitivity test from this year. In addition, we can extract
some cardinal indicators representing each category and apply several future

scenarios to them to assume the water sustainability in the future.

Keyword : sustainability, river basin management, indicator assessment, water

security
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