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Abstract

This study aimed at the introduction of desktop method for assessment of environmental flows developed by International
Water Management Institute (IWMI) recently and its application to Geum river basin. This scheme simulated the influence on
aquatic ecosystem caused by watershed development and in turn the decrease of water quantity keeping the river's own flow
regime. It was found to be as very effective method although it had simple structure. Flow duration curves for different
environmental classes at Sutong and Gongjoo sites were estimated according to the natural conditional scenario of Geum river
basin and the results were relatively compared well with the previous studies. The behaviors of monthly average runoff time
series of both sites showed the level of A class. The results of this study would provide the fundamental data to establish the
future plans of monitoring or management for aquatic ecosystem of Geum river basin.
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1. M2 S sEEHe 9A WA glol KARTE AL A
o 87453 ol

A2 Fu87 2 FAAHAY BE 9P B F #F e g4I sAsA o Yoz o
7yelH A 874 8- Z(environmental flows)2] 7Hdo] 59 o 214 2 tHHughes, 2001). °ol= &EF549 W3t A
Roplq A2e deitiloz S48 A AAE, 2007, AN FIAE TS FFHOR AT 5 e AHA
The Nature Conservancy, 2006). 97|14 &7 %2olats & ol WA FAY 52 ol¢t FHG} AR FE Fol
o= B WP gi Aole QAR gry S gy /IS AR 28 520092 St e
zAsNA FAe ASHoz §Aa7) ool gAw o 0¥ WIE BUANAL gD Fe, £, AHAR 2
A9 ZE2EA(flow regime)e AF37] 5k AT A BEFES 7NteR FPHooRets Age v Aok
(Smakhtin and Anputhas, 2006). Qw802 —‘6}7149,] s2E A FHEFFS HEs] A5 AAE A4E HES
He TAF mE ARSO A7y 1ed AT 7% A AA2H B (holistic method)# & 181 (desktop
S Zir 2 SZo] mEYENO Za Zzo S} method) ¢} F 744 MF2 F#5 o) ti(Smakhtin and Eri-
A9 WP S3 2L A4S FFL A= whE A4 yagama- 2008). AAke] B o S Hopl 2 @we
ABHY A ZREIDY PPt olfe A 52 B7S ARA £E VMo Hgd 42 A 5
A ej kA Feh(Smakhtin and Eriyagama, 2008). watA af < 5t FPHAA=H EE FHel W FrllE o
AL AR A= R 2L wEe ST kAo ) A =383 70 A7) AaFHE Aog g#A i) w
A3 gle Aewad sEEHe me grse ga o 00 998 e FE Addfos 98 BEo) A
H2 A%AA FE Rolth AW FEAE sesge] o CodC TAT FERE SJ FEAAS @
Bea] oe 2 2499 AR Ao A9 Ao 7xde Aoz Al vld A2 EE Hojx x| gt
Aol ArRAET AR B SRA Aawage  C¢ W JHIED AAS Y slve @94 9

74 184¢ Adg @ 4 g ZAeltHHughes and
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ot Fag FE%d 54 59 stve 559 ¥HEA
(flow variability)°]©H(Bunn and Arthington, 2002). °]+= 3f
A g FHFAY 7238 52 7158 g FAF
9 GFEE Auiste T8 AAEA EEA Aok A2
IWMI(International Water Management Ingtitute)ll A+
4 (flow duration curve)d] AsEHE 7IWeE o
o] thste] MFHQA FFFFS FFE F Ae FHE
WS Aokt HE 9lti(Smakhtin and Eriyagama, 2008).
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1. F&=2M(flow duration curve)

F3UL AF ASYSF TE 2ANEg0 12 fo
FEE SA(HA R JEE FHo2A SRS Bof
A4 AF olgHE WEAA EF F9 sholthMaic-

fodo o

B

ment, 1992). G¥to® FFEAL A¥A FEF A A=
71t 3ol disted FPHoith AAe B 19 3659
2zt det FEFS HANFERE 3657 ¢HE Pkl
B3 A&de €99 #F& A= A5l dste HF
& Fste deth A A&V FFS BRI JE A 7
79 S 2 ARH FL o2 95 FF F a1 8%
8- (non-exceedance probability) S W &2g2 YehlE= o
He Atk YU E F2 AELFE 7FS2 7
Fg FEsI AMREA loH HFoly M gE
MNEE& AHgsted §3& Friska ok (ddd, 2003).
AL AFAHY sEELSS Uehlle BE 4R
€2 749 4FY S¥YEH(pectrum oz £ F lTh
ol 5§ e Fas FRIZA

HEY H7k 3o

Smakhtin and Eriyagama(2008)+ 53] ArA-f-ZH(naturd flow)
o] FFd FEY FFFFY M FHE HEstA
th 714 AdFZold dF 2 FITEEY 2ES
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2.2. EtA 22| SS(environmental management classes, EMC)

FERFFY P2 FAREHAE mE] AYH (prescribed)
Z7A3NA FASAY 1 o)doz AAdse RS FH
EHog gty wEkA olF fsME 4 AHG dFH
g5dF 2 71Fd dF FYrt 27 Aok orIAM @
A@ElsFolH dFEs 2 FelFER 24 sFshe 5
A9 ZEEA wE AT = dx FANHAY W)
o "3 7EHA AU eEA FBYEF0l ESFE
Bt} 22 o Eo| gFfFor wjEHojor & AolH
Hoh g2 WA 55549 WEdol sgEojor &
Aolth. Table 12 IWMIZ} A¢tet S#F T 5Fo=A A

wHog  gotzalgl Fshx9  F7FE A9 X (DWAF,
1997)ol A AAlsEL = HEH [AFSHHSmakhtin and
Eriyagama, 2008). & 6719 5322 F4Ho] don Z
s AHAY =4 2 & WAgel dste 1HEFsHA 7]
=0 vy FH ATFLHAFo] EAMAY F9NE
2 Qe A HgE AL SFHAES C-F 579 AT
sHAl =W &9 E, F 7 S5 U oY ALAGE 5
£ F e A4 FHE vehi Utk AAE oy
g 559 ERE shHY SESAT BUxAd Aol Z

25 ¥4 9 AY Tk BAFE 5% 2L BEHY

AEH wyel we $UE gaoz 99 BFAT
9 A7 Y3so wEY FF o YA Pgos

23, #EARYIM &N

B AT ARSI st BFRwY AEy

£ Moz sto FPHAT. 4 ddstol

frExdd BE F3834(reference FDC)< gt} o
E FEHES(CYYES) 49 1770 AF(0.01%, 0.1%, 1%,
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
95%, 99%, 99.9%, 99.99%)°| tidled HHE FHo=
Fig. 13 Zo] #Zo=2 1 BAY HIP ol 5(shifting) o=

2
oL

A
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Table 1. Environmental management classes (EMC; Smakhtin and Eriyagama, 2008)

EMC Most likely ecological condition

Management perspective

A habitats.

Natural rivers with minor modification of in-stream and riparian

Protected rivers and basins. Reserves and national parks. No
new water projects (dam, diversions) allowed.

Slightly modified and/or ecologically important rivers with

B largely intact bio-diversity and habitats despite water resources

development and/or basin modifications.

Water supply schemes or irrigation development present and/or
alowed.

The habitats and dynamics of the biota have been disturbed,
C but basic ecosystem functions are still intact. Some sensitive
species are lost and/or reduced in extent. Alien species present.

Multiple disturbance associated with the need for
socio-economic development, e.g. dams, diversions, habitats
modification and reduced water quality.

Large changes in natural habitats, biota and basic ecosystem
functions have occurred. A clearly lower than expected species

Significant and clearly visible disturbances associated with basin

Directon of shift

D richness. Much lowered presence of intolerant species. Alien and water resources development, including dams, diversions,
1658, MC P PECIEs. transfers, habitats modification and water quality degradation.
species prevail.
. N I . - High human population density and extensive water resources
Habitats diversity and availability have declined. A strikingly exgloitaiion (ger[:erajly this sta)llus should not be acceptable as a
lower than expected species richness. Only tolerant species ’ . .

E } ) . . . management goal. Management interventions are necessary to
remain. Indigenous species can no longer breed. Alien species restore flow pattern and to ‘'move’ a river to a higher
have invaded the ecosystem. management category
Modifications have reached a critical level and ecosystem has | This status is not acceptable from the management perspective.

F been completely modified with almost total loss of natural Management interventions are necessary to restore flow pattern
habitats and biota. In the worst case, the basic ecosystem and river habitats(if still possible/feasible) to ‘move’ a river to
functions have been destroyed and the changes are irreversible. |a higher management category.
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Fig. 1. Estimation of environmental FDCs for different
Environmental Management Classes by lateral shift
(Smakhtin and Eriyagama, 2008).
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Fig. 2. The illustration of the data transformation procedure to generate a complete monthly time series of EF from the
established environmental FDC (Smakhtin and Eriyagama, 2008).

e  Control Point

- Stream Line

| Subbasin Boundary

; 0 10 20 Kilometers
:] Geum River Basin Boundary .

Fig. 3. Drainage map of Geum river basin.

Ao B@ A e THAAG 19F 5009 £
Al Wl §RE f7l met 249 A LR FFA
e T ¥ BT gt 29 3¥D At 3% T 9
2%t 9 nek 39 A eg T ek

3.2. AlLZ| 20 ME REAIAE 22

2 dFdM e EFAEY 2 KModSmE o] &3t
ot Alug o] g FEAAEE EYste Hsith
KModSme =AM FAMIA vl= Z223% Y9
TELoE NEG EFAEA 2 FAFAAA ZFE

e

networkE g5t EFAE
AME FAFEE Uz s
28& n KModSimE o] &3t @ dMde e {34
sto] BoE AAGATHEHY F t
L 9% 9 14 A AU ee F45A A oA
A ggdo] gitke 7FEgxAsA KModSme ¢85t
o] 1984 R E 200597HA] 2270 HFAEE FEAH
I FFAH st sk 2ERF AES 9
A4 F AUl ee 1984dHEH 2005@71A o g A
g9l 29x2AS 7FY5T KModSime o] &3t 53
]_

13l GEFC(Globa Environmental Flow Calculator)S
ol-gsta] Gt o7]A GEFCE 2.32 <] Smakhtin
and Anputhas(2006)9] /M= 4AHgHES HEsSH o Tz
oltt. Figs. 4, 5 g€ K749 FAS wtAgl

Baol ASHE Aed golfdd Be g3 A4 2
Fo] AAHoz 2 HIHT YL FAT & A

Table 2= 27 A2FE FFHoE FYsf 2 A=
AAFEFxA9 AFFFEH(naurd MAR; Mean Annual
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Fig. 4. Flow duration curves for different EMC of Sutong site.
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Fig. 5. Flow duration curves for different EMC of Gongjoo site.
Table 2. Estimates of long-term EF volumes for different EMC
Site A B C D E F
Long-term EF volumes
o (% natural MAR)* 69.4 45.8 314 225 16.3 117
uiong Class MAR (MCM) 6512 4297 2946 2111 1529 1098
Natural MAR (MCM) 938.3
Long-term EF volumes
o (% natural MAR) 67.8 435 284 19.3 135 9.4
ongjeo Class MAR (MCM) 31405 2014.9 13155 894.0 6253 435.4
Natural MAR (MCM) 4632.0

* Long-term EF volume : expressed as % of natural Mean Annual Runoff-MAR = [Class MAR]/[Natural MAR]

Runoff)ol]l Wig &Zd S5 ABd 7= HE Het (53 81§ 7Isd #d@ed =l
ot Jones(2002)= H¢l SHHe ABHFEFol AH Y olEig A dATZAF WlwE & FFEHe A

Hel 23 olstz Astd F¢ siF otdol 43T dHE ATl AHgE @FdsHE 34 Figs. 4, 5
AL FE2 -‘nﬁ(hlgh)dw HE(moderate) &2 Hold FF 27 FANEAN dF 2840 FAY B2
T 5 AFF = AT £9 Tennant(1976)= A1 H et FES 9 7IZARE AT F UE ez 7|
AL HAAFE #AS HZ& ABAREFY e A iR

3249 1% =9 AAStA Table 29 FA5
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Fig. 6. '2001-'2005 Monthly flow time series of Sutong site.
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H
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£ 400
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0 &
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A B -——-c D eeeee- E
F natural —-—--— DD = YD+DD
Fig. 7. '2001-'2005 Monthly flow time series of Gongjoo site.
Table 3. Root mean square error between each rank and scenario
Site A B C D E F
Sutong YD 0.062 0.075 0.093 0.106 0.114 0.119
) DD 0.267 0.446 0.579 0.652 0.694 0.720
Gongjoo
YD+DD 0.247 0.405 0.534 0.607 0.648 0.675
34. B 74 AlLZI0 mE SURAL sBEME| AY 2F A A 53 MIe AL RIS dAF
=1 4 90tk Smakhtin and Eriyagama(2008)= A Aoz
FAFY BEBVASTE HFIUL olgad 184 WL ASl C 5 D ShsAel w8 AF
d-2005d 717l @ 538 9€F SBAALAEE d Qo ok B AT ZdgE di FEFHE gho=
Agste] Hokth Figs 6, 72 20011d~20051d 7|7kl o3 oZEE B dAFME F4F99Y #FrFxde Bt
of 489 Z2AE Aed ¥ 29 A ed 2o F¥4 of a3 22 F /A M e A Eth
ARG B =N B Aom, Table 32 53¥ €% 1) FAAAL £Fo] FXF fYo=A W AHE Q@
o FEANAGAES ¥ 29 AU el 29 FEAAY F&9 Wt 5554 FH(EM) SHAA AA
ARste BFAFE eAS YE ALz A 550l 7 o 2 9T FA P Ao UL 59 @ ¢
Z e oAt RIS & & YA F £5F 3F F Qo et 433 ANE Ao AAdHE AFY 77
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