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Abstract

Runoff behaviors by five bias correction methods were analyzed, which were Change Factor methods using past observed and
estimated data by the estimation scenario with average annual calibration factor (CF_Y) or with average monthly calibration
factor (CF_M), Quantile Mapping methods using past observed and estimated data considering cumulative distribution
function for entire estimated data period (QM_E) or for dry and rainy season (QM_P), and Integrated method of
CF_M+QM_E(CQ). The peak flow by CF_M and QM _P were twice as large as the measured peak flow, it was concluded that
QM_P method has large uncertainty in monthly runoff estimation since the maximum precipitation by QM_P provided much
difference to the other methods. The CQ method provided the precipitation amount, distribution, and frequency of the smallest
differences to the observed data, compared to the other four methods. And the CQ method provided the rainfall-runoff
behavior corresponding to the carbon dioxide emission scenario of SRES A1B. Climate change scenario with bias correction
still contained uncertainty in accurate climate data generation. Therefore it is required to consider the trend of observed
precipitation and the characteristics of bias correction methods so that the generated precipitation can be used properly in water

resource management plan establishment.
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20079 EEI 43 HuMe] mEd sjgoior Qlsty
A RS FTE AEH R FUME ALE AT
(IPCC, 2007). °oldl ZW-2jFez 7|ZWsle oStz
Z15Hst #E ZA JhE Soll e B =Fo| o] R
QO M (No et al., 2013; Praskievicz and Chang, 2011). F ¥
AME Tt 28 A 2 AY S5 &3 7|FHs
e E5 2 7HE 93 E oAdstaL ik o] e v1=wst
AU & &89 v A4 FA 28 9F FUF A
7 @ds] AP o, o sdWst A7, 5 A
A B4 ol &85 ATHAhn et al,, 2009; Kim et al., 2012;
Park et al., 2011). 7]1&¥ s}t AUl & 7|44 st 7139
sg R AlE|(Climate Change Information Center: CCIC)ol| 4]
AFsta ok 2y 71Fdst AldE 2= vE T Al
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E-84 Y (uncertainty)©] WEZ ] thAggarwal and Mall,
2002; Giorgi and Francisco, 2000; Mark and Mike, 2000).
olgldt B HFAA Y g1 E B AY 7Y
o] AERE 7FEAIZIAL Utk olof 7|FHs AU g 8
ALE AL Y5t HYgEAFol P2 Z8vt ok
(Muerth et al., 2013). 53] 7SS RAE A A Fdt= L
= dag 7RIS AU e AmE ASA ) g o
SA7F Fa FFH QAL =G o] AJAIG(E. LE/A
Ad) A 540 T3 AHdXe HYRF S &9 2FH
HEY FEE FFET= AT FE FHoE AP S
9 7IFHE AU 29 ATkge] BeFoR AP H ookt
t}. ol 71FHs AluE] 28] B8-S HAasksE] g o
P ARG 7EE0] JNEEo] &&EAL JIthSchmidli et
al., 2006, Wood et al., 2004). THNA F2 AMEEE 7154
st AU S HYRAGV Rl = FA B35 AR 72 HE &
Aol it 5717t 71524 Aol He] FEE AW/ LEHE F
&3h= Change Factor (CF) 71"83%} 3 X 3(Cumulative
Distribution Function: CDF)E ©]-&3%} Quantile Mapping (QM)
Wiol gtk 28y CFeF QM) HYRG7 M2 A 8 &
Hol gt ZdF, 237 50l vEA YAl fEa4
A= TS PA7] HZel olof] st o] Fasich

2 AFolAes 1) IHdA Z1Fast AluE e B4l
A& Fassr] Al &&= CF 7IM3 QM 719
£ AE&3t 71FHs AU g AVFEsta, 2) A 7HEE
7185 AU s &8 F-7E A Al HYRF
718 WE 7% 14 5AS Soil and Water Assessment
Tool (SWAT) EE & o] &3t Hristaxl sirt
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2. Materials and Methods
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i SHAIF7E 3L, o9 WE A
% s 22 Eth(Lee et al, 2006). 1213 T
714 FEZ2(1981'd ~2010@) 5 7|F2 2 A¥F F5F
1,458 mm=Z =W 947 ZF 1,331 mmol| Hs £oH
AEE A2 & 241.0 mm, 5 869.7 mm, 7 258.2 mm,
AL 91.0 mmZ U AEE FE3}k B 2629 mm, 95
7212 mm, 7F& 276.4 mm, A& 113.4 mmol| H|d] AEFZ
AFFo] w2 AL Z YEIHTHKMA, 2011).

Mo ™ 2

22. 7|&H3 AlUE|2

221 7|FHE ALIEZ|2 W2

IPCCol A& Data Distribution Center(DDC)E E3f n]#j
715Hst d&g AQshe A ZAAA 7P did FES
o Q- FRFY-o)idstes v 2 <% 55 7H8
she AU LE AlFsta ok & IPCC 52k H7FE LA
of =Tt 247tE AU & B8l A/JE Representative
Concentration Pathways(RCP) 7]&®¥ s} AUy 27} A3 5
3 AR, IPCCY 34 F7EEIA A AMEH 2A7FA
Z7F AU LE 7|vteg ZJE  Special Report on
Emission Scenarios(SRES)7} 71 &1 ste]l tjg3t7] A3 o
g3 JzAs FHd g8 Z&Ho $rhAmell et al,
2004; Parry et al., 2004; Robert, 2004). SRES AlUg L&
olAtster A W& oo waEt Al, A2, Bl, B2 AlUg L=
AN EF=HEu(Fig. 2), 4709 2EHHAL Z4Ze] gis 7]
2 54 94 F8d wt AEFHA AV 2 ANdn
(Shin, 2013).
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Fig. 1. Location of study area, Gapcheon watershed in South-Korea.
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Economic emphasis —

/ Al storyline

World: market-oriented

Economy: fastest per capita growth
Population: 2050 peak, then decline
Governance: strong regional
interactions; income convergence
Technology: three scenario groups:
+ AIFI fossil intensive

» A1T: non-fossil energy sources

+ A1B: balanced across all sources

B1 storyline

World: convergent

Economy: service and information
based; lower growth than Al
Population: same as Al
Governance: global solutions to
economic, social and environmental
sustainability

Technology: clean and resource-

vfﬁcient

Global integration —

SRES
Steryline B> storyline

A2 storyline \
World: differentiated

Economy: regionally oriented; lowest
per capita growth

Population: continuously increasing
Governance: self-reliance with
preservation of local identities
Technology: slowest and most
fragmented development

World: local solutions

Economy: intermediate growth
Population: continuously increasing
at lower rate than A2

Governance: local and regional
solutions to environmental
protection and social equity
Technology: more rapid than A2; less
rapid, more diverse than A1/B1 /

<+—— siseydwa |euoibay

<+—— Environmental emphasis

Fig. 2. Summary of the four SRES storylines (IPCC, 2007).

Al 2EZ#le] &35t AIB & @AY olitsiga
Fol Fak F7kstel 20503 A =g ¥ #as
A ez 7 Al Riete Aludes grpia

-

31(Kwon et al., 2007; Yun et al., 2011), B3 2 7]
Wl Ao 8= tHGoergen et al., 2013; Lee et
al.,, 2012; Mollema and Antonellini, 2013). ©]o] £ A7
e 7183 AFstal U+ AIB AUl E &85ty
HoRH 7|Ho| mE Ze-#E 54& BN

A (1

222, 7|FH3 AlL2|2 HO|BH 7Y

CCICAA AFst= AIB AU 2= FFE=E 27 km x
27 km ZAZ HHI RCM (Regional Climate Model) 2.2
A AeAts FHE AFTHL A 28y gid &5
2E 7]F0=2 19843d%5E 20133 Alel9 74d #E A
29 715FWE AUl d¥F 44FE mudes o
#2 AFE 14064 mm, A Q= 7294 mmE % 1.9 H#9
2ol & HAth o|M9 7|FHs AvT e #SAE U]
H& FFHE= F Q99L& GCM (Global Climate Model) =+
B2 ZAARALE AT oZHN GCMY 227} RCMS
ol & AY7IF B AT BgHUGoR A WE
o|thRyu et al., 2014). °o]d] wWat RCMARE &-&317]0l
$A #ZF AE4Y HAE PGS HIRFPY HAF F
ol dasdirh 7|$ds AvTe HRP R ALEH=
71HE 7Hed CF 712 A &o] gesta 7]$Hs Alv
oo d&A 54 4 AFE B FoE a2 FAE
T on, QM7IE-E 71Fds8 AluEl 9 Pd&X ¢ #=

AUTh
CF 712 ()3 Zeo] AYRA 7|7 F<te Aol

U dgd3g ol &std nFAFE s, ol& wHrzt

= ot Alcamo et al., 1997). =g} 2o
4 25 54o] T3 AYde €897 nFAFE A
Aote wo] F2 o]l 8F T QItHAhn et al., 2009; Park

P rens = Prear™ (Prcasnis! P reagnis) (D

AZIM P’ pong e BBE PIH BEOIH, Py RCME
2od vy A, FDMW,ME HA B35 AR B A5E
Prov = A B9 299 RCM B 2532 vt

QM 7182 2@2)% 2ol #AA 4BV #HZH < o
=39l 2 &EE ¥ (Cumulative Distribution Function)S
o] &ste 7IHeE HA 9 EFAR Ui FHIEER
EE st o] FHE #AFZXY FHIERE 9T
(inverse function)l]l Wste] #FHEA ol AMd(mapping)AlZ]
Th(Panofsy and Brire, 1963). QM7IH-Z H o] 9] 7|59}
X (distribution)”} $83 @294, QM7|ES g€¥=
Hgst7ld= woleY A 2 B2 FHAR sto o
o ATA F BFVIYG AEE FRste PHE
F2 #8351 9 thHashino et al, 2006; Leung et al.,
1999; Wood et al., 2002).

Z=F, (F, () @
A714 v,2 A A89 A4 asgeldL o Z:
o3} BAY e sy, F,()% F()= 47 AP
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Table 1. Description of Bias Correction Methods used in this study

F FY
CF year (CE_Y) average annual calibration factor

Change Factor method using past observed data and estimated data by the estimation scenario with

F th (CF_M
CF_month (CF_M) average monthly calibration factor

Change Factor method using past observed data and estimated data by the estimation scenario with

QM_entire period (QM_E) estimated data period

Quantile Mapping method using past observed data and estimated data considering CDF for entire

QM _period division (QM_P) season

Quantile Mapping method using past observed data and estimated data considering CDFs for dry and rainy

CF + QM (CQ) Integrated method of CF M and QM _E
A, &3 3530 diet 283 gE Exojth %35t =, Lee et al. (2013)8] AFolA SWATEZ 3
T12]3L Kum et al. (2014)2 F HJEY 7]‘3(CF7l‘ﬂ QM EHE 57HA 78RR fEHM mAE dFE &4

712 /gl FEES sl dAR o F
AR 7|HE dAAT CF+QM(CQ7IHE AletslAtt. o]
7l$'ﬂ5} A]uragsq AR =
%L, QM 71¥H& &3
TGS, A A
TS 1A FEEEE b&%‘%}% W olt}, o]
A= AIB AU st dAVGEEAE 9 4]
1984 FE 20137149 Ayl 45 F¢
2 A5 8&ste] AEAIH d¥+ LFA
sto] HRAFE ¢FF CF 7I¥F & AYRFP
7142 ~10€9)et H971(11€ ~3¥9)E FEIIS
£ 383 QM7 283 Kum et al. (2014)
F+QM 71" ¥ 57FA1 9] HRY 71y dis)
T 3FA tHTable. 1).
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SWATEE & AN =T EAG 59 5
B3 ABHH 5He DG 47 FE 2 54 W52
29 2 ke /49 @9 2Pow, wF sEE 594
T2(United States Department of Agriculture Agricultural
Research Service, USDA ARS)ol 2J&] 7]2= 3 tHAmold,
1992; Arnold and Srinivasan, 1994; Arnold et al., 1998).
Luo et al. (2013), Xu et al. (2013) & SWATEFS o] &
dol AT SAsEd WA 9BE

SHAAE 19909+ &
S AT &8 ’\15}'%1]\‘_4'01 et al., 2014; Lee et al,
2008; Park et al., 2011). °o]AH SWATEZ 2 Z7]4<d &
& 54 2Hd ALHoRE EEFA Qlo], & dATFelA
Hat AludE] e "erPG7He e ZUAR] fE 5
g BA W &3 RPor woHT
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SWAT B2 AIHY wstel 334 X5 st
& 548 BAstetl, AE WsE asky] A% 7
SARL BTE, 7L, 5 A AUsn)% 304
EEE A5y 93 EGEHA, EXCEHE 21 AP
ARE oz dth AR E AHFS W AAF A
BEa9 2 FABF2Y BSARE VIEES B9 T
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o A3 ZeFd da s g Aoz veksk
TF ARE AYstae #F AN 2 9T FA
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ArtE AHEEE FA FE1980d ~2011 ) &8s

£ 3EXETHE QAT A
MSFEFE(1:50,000)0S A&t
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R R )

o{m

Fate 3(Fig. 3), EA 0]
e EF FEAITHBAMH| A AFst= 20059
HEF EXIFEE(1:2500005 AHE3HATHFig. 4). Digital

Elevation Model(DEM)2 @ A2 FllA AlFt= TAA
%(1:5,0000& ©]-&ste] T3t thFig. 5).

233 BEY mjoiH+ HA
fote] BYL JHEG HET wlES Abole BRG
;J‘ﬂr A7l EAst F8&4g0] T F JATHKim et
. 2013). SWATRE oA B5A9342 2AZ thad
UH7H HeE B3 7 2 F2& dSs) 23S 383
CEZEELEEEEEELEEECD T
AT oiAWS Abole] T FEPASL EA S Swiss
Federal institute of Aquatic Science and Technology <

rlr

n’

Eidgenossische Anstalt fiir Wasserversorgung, Abwasserreinigung
und Gewisserschutz(Eawag)l A= SWATEE 4] A5 B3
S BZF7] 93 SWAT-CUPS 7133 th(Abbaspour,
2007). SWAT-CUPZ 5701¢ AA &gy F(SUFI-2,
PARASOL, MCMC, PSO, GLUE)& ©]&3la] SWATEYE
o wiAATE EFE 4 dev ©] T SUFI-2(Sequential
Uncertainty Fitting ver.2)= A2 wi/lAFE 88
L W o2 Ryu et al. (2012)2 SUFI-2 €3 Zo]
SWATEZ 9 mi7isdel] 7 A st sttt ofo &
ATl SWATEZ Y ai7f¥is B8 SUFL-2 ¢alg
& o) &stdnh 2 FAFYGY FEAHA FHAA
AL Aoz 200749 1€95H 20089 12€ 7S BF
717t 2 20103 1€ #8 20114 12€ 7AAE AFNT
o2 gpon, WAHsE SWATEE S #3F &3 uid
T 258 dAeE s BA4S FYPSI P-valued ©]
g3to AFsA Tt Pvalues FIEES HEE AL
P-value7t & 39 AF7HE0] WotEodA] FAXHLE Aol
7F 2AER GSg ougit) o] W) E P-value’t B&
A% AF7HE ] 71453 dgrtde] Afeeo] g w7
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Fig. 3. Soil type of study area. Fig. 5. DEM of study area.

W wste] wet AF xtol7t HAEW ol= dF miA
W7 Aol RgstA wedE gndth A8 Brke
ARAAFR)Y 4E A5 (Nash-Sutcliffe Efficiency, NSE)(2]
3)E A&t

NSE=1-%,(0,—P)* (}(0,— 0)* 3)
i=1 i=1

714 PE SWATEZCA 38 74 mogolx, Ox

Azgolw, O RE AZge PFiolth £ 0 0

o€ 9] 7foltt.

NSEE 19 7M7He5E Bde o &X7F 4&5XE Z vt
Fate Ag YguistH, ovth s FS 2l A4FZAH
7 AEFHR HEgol f=s JvEie, & WY A3
T2 o2 ZtH(Table 2)(Donigian, 2000).

Table 2. Criteria to evaluate model performances (Donigian,

2000)
Class Poor Fair Good Very good
NSE < 0.6 0.60 ~0.70 | 0.70 ~0.80 > 0.80

234. 0|} Z2-RE EM =M
57kA) | R 7ol wet Hery d v 715wt

0 15 3 6 9 12

- ¥ AU e 2 FFARE B8 HAA hF B
Fig. 4. Landuse of study area. L2 EXNS BHL 20219 ~2100E 7HA] 2044 7]2_]—%
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3. Results and Discussion

31, Hol2y A}

Al4(CF_Y)<}

719 vl 718 FESY FEEEE
QM _P) 283 Kum et al. (2014)01 A ¢t CF71¥ 3 QM
71MS dAAF CF+QM7IH(CQ) & 571A 7
ZZt YRS FPsta AFE/LE B4 BN
(Table 3). 19843 F¥ 20139 74A % 303 tist A
Y A3 By o] 72t gABEAL VE F #HS

42,192.6 mm< CF Y 42,2007 mm, CF M 42,193.4 mm,
QM _E 42,3483 mm, QM P 42291.5 mm, CQ 42,0429 mm
2 F AFFAAME 2 o7t HAHA Gsith a8y F
K, A4 39,8063 mm, CFY 39,8041 mm,
CF M 39,8055 mm, QM E 39,859.0 mm, QM P 41,487.9 mm,
CQ 39,626.0 mm= QM P4 16,81.6 mm =™ HJRF
He AoE et 283 B(3€~59), AS6€~89),
7292 ~ 119), AS(12¥2 ~29)2 Z+FL vud 2
g #5429 SRS E BT AF BT AA L5
o 58%E XA, 71S 18%, B 16%, AL 7% €28 %
o] EESAT CFY, QM E £ 71& 715343} Aug
29 Z BEE IU=E A5 AE 39%, B 28~29%, 7+
19%, A 12% £22 53 o5 Z5F a7t 24 &
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e F

2 AT M= CF7|HAA d8d 23
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Table 3. Comparison of Precipitation before and after five different bias correction result each weather station (1984~2013)

Spring (mm) Summer (mm) Il (mm) Winter (mm)
Mar. ‘ Apr. ‘ May Jun. ‘ Jul. Aug. Sep. ‘ Oct. ‘ Nov. Dec. ‘ Jan. ‘ Feb.
Obs. 75.6 (16.1%) 273.7 (584%) 873 (18.6%) 32.1 (6.8%)
530 | 750 [ 989 | 1778 | 3321 | 3113 | 1642 | 502 | 476 | 289 | 295 [ 379
Orig. 74.1 (293%) 98.6 (38.9%) 49.4 (19.5%) 313 (123%)
Scenario | 486 | 765 | 972 | 786 | 998 | 1174 | 504 | 469 [ 509 | 412 | 254 | 272
CE v 1372 (29.3%) 1825 (38.9%) 91.4 (19.5%) 57.9 (123%)
- 90.0 | 1416 [ 1799 | 1454 | 1848 | 2173 | 932 [ 868 | 941 | 762 | 470 | 504
Dae- | o 75.6 (16.1%) 273.7 (584%) 873 (18.6%) 32.1 (6.8%)
jeon - 750 | 989 [ 1778 | 3320 [ 3113 [ 1642 | 502 | 476 | 289 | 295 [ 379 | 530
oM E 1369 (29.1%) 188.2 (40.0%) 91.7 (19.5%) 53.8 (11.4%)
— | 850 | 1407 | 1850 [ 1490 | 1934 | 2221 | 959 | 864 | 927 | 744 | 421 | 450
oM P 76.0 (16.2%) 280.7 (59.7%) 812 (17.3%) 32.1 (6.8%)
=] 499 | 784 [ 997 | 2237 | 2840 [ 3340 | 1434 | 481 [ 5201 | 422 [ 261 [ 279
@ 825 (17.7%) 261.9 (56.1%) 90.0 (19.3%) 327 (1.0%)
569 | 808 | 1099 | 1793 | 3104 | 2961 | 1624 | 556 | 519 | 207 | 297 [ 387
obs. 737 (16.7%) 256.3 (57.9%) 79.9 (18.1%) 324 (1.3%)
528 | 775 [ 908 | 1753 | 3180 | 2755 | 1428 | 486 | 484 | 289 | 296 | 387
Orig. 812 (28.4%) 1132 (39.6%) 55.4 (19.4%) 364 (12.7%)
Scenario | 554 | 831 [ 1052 | 863 | 1172 [ 1363 | 568 | 513 | 581 | 464 [ 306 | 322
oy 1255 (28.4%) 175.0 (39.6%) 85.6 (19.4%) 56.2 (12.7%)
- 85.6 | 1283 | 1626 | 1333 | 1811 | 2106 | 878 | 792 | 897 | 716 | 472 | 497
Geum- | 73.7 (16.7%) 256.3 (57.9%) 79.9 (18.1%) 324 (1.3%)
san - 528 | 775 [ 908 | 1753 | 3180 | 2755 | 1428 | 486 | 484 | 289 | 296 | 387
oM E 125.3 (28.3%) 181.3 (41.0%) 85.6 (19.3%) 50.7 (11.4%)
— | 793 [ 1266 | 1699 | 1373 [ 1909 [ 2158 | 892 | 797 | 879 | 687 [ 405 | 428
oM P 82.8 (18.0%) 2603 (56.5%) 80.7 (17.5%) 37.1 (8.0%)
— | 565 | 847 [ 1073 | 1983 | 2694 [ 3133 | 1307 | 523 [ 592 | 473 [ 312 [ 328
- 77.2 (17.5%) 250.6 (57.0%) 815 (18.5%) 310 (7.0%)
231 | 810 [ 975 | 1807 | 3033 [ 2679 | 1432 | 510 | s02 | 277 | 275 | 378
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Fig. 6. Comparison of monthly precipitation by three bias correction methods.
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Fig. 7. Comparison of daily precipitation by two bias correction methods
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e

ARA AR 2007'd FH 200837kA9] 8Y 7&7-% TFEAR

489 10709 wi/iEsE o] &35t SWAT EPES BE
A3} Table 49 Zo] HF w7t A=A, oo st
SWATEZe] o3t &x& A=A ths) NSE7F 0.71, R*7}
0.8312 Yttt o] ui/fisE o] &3te] Ade ZFH2009'd ~
2010%d), NSEE 0.81, R*= 0.86>.2 Donigian (2000)°] 4]
S 7% W B2 HEE 2FHE EYtHFig. 8).

o

33 0je47|2t RE =M ALY
B A AE 57 BelngsIHel whet 20219 ~ 20404

(2030s), 2041'A ~2060%3(2050s), 20613 ~20803(2070s), 2081 ~
21009(2090s) & 571 71te 2 FESt] | 7]|3te] gt
B-E d4 54& b ARt 7 BEaH
< vl ZF} 203050 21.1 m/s~22.14 m’/s, 2050s°l
23.79 m’/s ~25.12 m/s, 2070sl 22.63 m’/s ~23.75 m3/s,
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Table 4. Ten parameters used in calibration/validation for flow estimation

Parameter Description Variation Method | Fitted Value
GW _DELAY Delay time for aquifer recharge (days) Add by Value 7.7667
CH_N2 Manning’s “n” value for main channel Replace by Value 0.2875
ALPHA BF Baseflow recession constant Replace by Value 0.0003
ALPHA BNK Baseflow alpha factor for bank storage Replace by Value 0.1443
CH_K2 Effective hydraulic conductivity in main channel alluvium Replace by Value 17.5417
SOL_BD Moist bulk density Multiply by Value 0.5285
SOL_K Saturated hydraulic conductivity Multiply by Value 0.4623
CN2 SCS runoff curve number for moisture condition 11 Multiply by Value -0.03613
GWQMN Threshold depth of water in the shallow aquifer required for return flow to occur Add by Value -47.3333
ESCO Soil evaporation compensation factor Replace by Value 0.1237

Table 5. Estimated annual stream flow (m3/s) by five bias correction methods

CF Y CF M QM _E QM P cQ
2030s 21.1 218 215 22.1 214
2050s 247 25.1 242 238 25.0
2070s 228 238 232 226 229
2090s 245 253 244 243 249
160 240
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Fig. 8. Scatter plots of simulated and measured flow.
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(Table 6). 2050s9] FFHEFS Hlws] EH CF_ Y+ 1,710 A" AT gA Hor P wE ZeAE XA
m’/s, CF. M 3,223 m’s, QM_Ex 1811 m’/s, QM _P= CF_M°] QM_Pol| H|s] €48 HeRFo o A dFE
3,528 m’/s, CQEx 1,796 m’/s® CF_M¥ QM Po] th& #H BR7) wjFEo] I3 Feo] w2 I TR B4
ouZ 71Hel ws] < 2u) FE Z AFFFES Hole A CF_M°] © A#d Aoz AL5HTh AT o2 FHO
oz yelgon, g2 7|7 HiME 2 2gY 2AE Ze A% 75T =AY #E A8 £ 97 A4
B a8y 34F P44 CF_MI QM _P7F CFY, A% a4 IdE dagE M FF 24 AN
QM_E, CQol Hls] i §To] aA W th2 §Fx7o| CF_M% QM_P& 39t 7|5 AFG ALZ Uehyiil,

Ne BF ol A YEmT o= 9E JMEY  CFY$ CQrt & 715 e e 7R 54
CF M3 QM_Pol ola) t% 27 RAE AT§2e A% @& 2993 dAAd T Aow yEund 2y
= 39 /1% 92 BAAC AR Belwd AMer  WelwA /7 599 4% 54 BAT Kum et al. (2014)

Table 6. Comparison of stream flow (m’/s) in five flow regimes

CFY (avg) CF_ M (avg.) QM _E (avg.) QM_P (avg.) CQ (avg)

Max ‘ Min Max ‘ Min Max ‘ Min Max ‘ Min Max ‘ Min

High-Flow 68.4 92.5 79.9 9.1 89.0
6833 | 345 | 1681 | 310 | 1077 [ 324 [ 1880 | 310 | 9612 [ 33

Moist-conditions 258 22.1 242 25 235
35 | 190 | 309 [ 163 324 | 179 3.0 | 165 330 | 169

, 17.7 14.0 16.4 14.5 14.9
20305 ) MidmangeFlow 00T | 16s | 18 | 179 | 149 | 165 | 125 | 168 | 129

N 1.9 8.3 10.1 8.7 8.6
Dry-conditions 164 | 85 18 | 63 149 | 13 24 | 65 29 | 63

73 57 63 5.8 5.7
Lov-Flow 85 | 49 63 | 49 73 | 49 65 | 49 63 | 49

High-Flow 85.0 1223 105.5 121.6 109.0
1710 | 358 | 3223 | 340 | 1811 | 359 | 3528 | 346 | 1796 [ 3638

Moistconditions 263 237 26.0 242 25.2
358 [ 191 340 [ 167 | 359 | 186 [ 345 | 170 | 368 [ 173

20505 | Midrange-Flow 17.7 145 17.1 14.9 153
190 | 162 167 | 123 185 | 157 170 | 1238 173 | 1

Dry-conditons 12,0 8.6 10.7 8.9 8.7
162 | 90 123 | 65 157 | 716 127 | 69 131 | 65

Low-Flow 15 5.8 6.6 6.0 538
90 | 49 65 | 49 76 | 49 69 | 49 65 | 49

High-Flow 713 98.8 88.8 96.0 93.7
9206 | 346 | 2644 [ 335 | 19 | 352 [ 2189 | 338 | 1202 [ 365

Moistcondifions 259 237 255 239 254
345 | 189 | 335 | 169 | 352 | 186 | 338 | 170 | 364 [ 178

20705 | Mid-sange-Flow 17.6 15.1 17.3 15.4 16.0
189 | 164 169 | 133 186 | 161 170 | 137 178 | 142

Dry-conditions 12.8 93 116 95 9.7
4 | 97 33 | 12 1 | 85 136 | 74 142 | 73

LowFlow 8.0 63 72 65 65
97 | 49 72 | 49 85 | 49 14 | 49 73 | 49

High-Flow 772 109.5 96.5 105.7 100.6
8444 | 3696 | 1916 | 3462 | 1081 | 3608 | 1804 [ 3479 | 1178 | 37.11

Moist-conditions 272 242 264 246 28
3692 [ 1991 | 346 | 1705 | 3606 | 1934 [ 3478 | 1732 | 3707 | 1785

20905 | Mid-sange-Flow 183 15.2 17.9 15.5 16.1
199 | 1682 | 1704 [ 1339 | 1933 | 1642 | 1731 | 1373 | 1784 | 144

Dry-condiions 13.5 9.4 123 9.7 9.8
1681 [ 100 | 1338 | 7343 [ 1641 | 9093 | 1372 [ 7604 | 144 | 7405

Low-Flow 8.4 6.6 17 638 6.6
1009 | 4899 | 7341 | 491 [ 9087 | 489 76 | 4849 | 7404 | 4926
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