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Abstract

In this study, four methods for calculation of continuous daily flow was suggested using short-term or partial recording station
of streamflow including missing data. Using these methods, standard flows at the outlet of unit/small basins for the

management of total maximum daily loads (TMDLs) in Namgang dam basin were estimated from full-period flow duration
curve (FDC). Four methods of extension are described, and their properties are explored. The methods are regression (REG),
regression plus noise (RPN), and maintenance of variance extension types 1 and 2 (MOVE.1, MOVE.2). In these methods, the
continuous daily flow was calculated using extension equation based on correlation analysis, after conducting the correlation
analysis between historic record of streamflow and long-term recording station (a base station). Finally the best optimal
method was selected as the MOVE.2, and the standard flows in the abundant, ordinary, low and drought flow estimated from

FDC was evaluated using MOVE.2 in unit/small basins.
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MOVE.1, MOVE.2, REG, RPN, Streamflow record extension technique, TMDLs
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ste] QlRto] vlE gl FFS FFEE Aol olya, & Table 1. Definitions of sample statistics
Foll TS vA = FYSH4AES e Adstd AR Statistic Definition
4 B ABAL B0 §3L FPat Pl Sample mean of
e T ARe|A b Bol ALgHE nAZ 9 m(z)  w(1), 2 (W)
o] HFHFF oIt v Massachusetts FAME 9™ m(zy) (N +1),,2 (N, +N,)
ZHH7F 0.3414 1.5 Aol o) o] W& AFRS AL AF m(z) (1), -z (V),x (N +1), 2 (N, + N,)
3la @lthRies and Friesz, 2000). ﬂ‘ﬁ-ﬂﬂmg = -9l el m(y,)  y(1),y(NV)
A Bol AHEHE %}‘ﬁ(Smakhtin 2002 FFEl Hlal m(y)  y(@) ey (V) (N +1),,y (N, + M)
aded A ARHA dFE AFAHCho et al, Sample variance of*
2007). A-ERI S %‘%%k% YFAERE s FEEY S¥ay) (1) ez (V)
& A3l AREFE AN it Pgeln Lo ey DN+ 1)
e FE Y9 FHEEES 155y d4FS 29
3 suvy vesdel g 4324 9 ognaAs $z) )o@ (M) a1,z (N +8)
=0 A4 5¢ A AFF0 FPHAATHKim and Kim, Sy)  y@)y()
2009; Kim and Kim, 2007; Kim et al., 2007). Z&JU} & S(y) W)y (V) y (N 1),y (N + 1)

2P & 7o g REAREE AMdste WS ASE §F
A8t FEGFE FEHA 29 F dou, ARFFAA
9 oxar¢t Eg4Gol & ZAFAA HEHo Utk =g
AEARY FHRAAFH wiAMTY 4 5 FEETS
o] &3t7] AdMAe B2 AT =¥o] qTHTh waEkA
WHolAA ASE FFARETS /HAL F
FE AERFLE st ol AdEolof =
Jo] 1tH(Baek and Yim, 2012; Hirsch, 1982).
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2. Materials and Methods
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Product moment correlation coefficient of

r z(1),---,2(N) and y(1),--,y(V)

Note: * Variance computed with sample size minus 1 as the divisor
Source: Hirsch(1982)
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y(i) =y(i) i=1,--. N,

y(i) =yi) i=N+1,-, N +N,
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Table 12 HEHLZ ALgEH vyt ZE FAH

x o
3 FE FYstd 23 Aoty UHY 9} y3H
AFYBA A9 7|2 FL F AQRY BAT B

AL SR/Folw, 2 p,, p, 00, 00 D p ZFES TH
Aoy AFFEEIE w2k A2 MR 974
Ly s 00y 002 29 yADS BT Had BAgtol
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FIAY 7] Lol 5
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Matalas and Jacobs (1964)el WZ® m(y) & p,9 &3
FEA A, SHy)E pf<L0ME 029 AFFEAH

o . 59,
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Table 2. Values of E[SZ( )]/ o? o, using the REG method of

record extension

N N, B

0.5 0.7 0.9
10 10 0.66 0.77 0.91
20 20 0.64 0.75 0.91
30 30 0.63 0.75 0.91
50 10 0.88 0.92 0.97
10 50 0.46 0.63 0.86

Source: Hirsch(1982)
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Matalas and Jacobs (1964)l 2Jaf Aot FSS WEI
138 8] A (Regression Plus Independent Noise : RPN)<
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2F3-A ¥ (Maintenance of Variance Extension,
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Table 3. Values of E'[Sz( )]/ o? o, using the MOVE.l method
of record extension

Table 4. Values of £ [52@)]/ Uf/ using the MOVE.2 method
of record extension

N N, . N N, .
0.5 0.7 0.9 0.5 0.7 0.9
10 10 1.19 1.08 1.03 10 10 0.99 0.99 1.02*
20 20 1.05 1.03 1.03 20 20 0.99 1.00 1.00
30 30 1.03 1.02 1.01 30 30 0.99 0.99 1.00
50 10 1.01 1.00 1.00 50 10 1.00 0.99 1.01
10 50 1.18 1.12 1.05 10 50 0.99 1.01 1.00
Source: Hirsch(1982) Note: Based on 2,000 Monte Carlo trials
* The hypothesis H,: E[S*(y)]/o;=1.00 is rejected at the 5% level.
Bt} MOVE.19] #Hggto] X AE AL g & gt} Source: Hirsch(1982)
383l REGE #atel dis) F& F4skAT MOVE.12 )
B 2Fee AL GAT & Ak EP Nowd F¢ T Table 45 N3 Nl p 2 mE BISHy)l o
oo o BETE 2H0T 2 2D AoIth Tuble 49 BE RHARE A7 o
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MOVE.12 A WA NOo2HY 49 29 y9 a4
2 5 & 1Y AFs AHgddth MOVE2: o9 &
A AFS *}%‘8}11“} oo Uit FF Hr}p B2
g 7x=2 o}cxl 29 AF#E 879k MOVE.29
H

- 0}—1— y°ﬂ o & %ﬂj’*} 24 3383
EXEHR dH9 ¢ #HH
m(y) % ASTQ(y) A3k Matalas and Jacobs (1964)° <

s AAEHAAL, olE FH2 p, ot 02-4 EHFH FHA ot
~ ]VQ S(yl)
m(y) m(y1)+ M+Z\/,2r5(x2)
x (m(zy) —m(z,)) an
> 1
S*(y) = N1+Nfl{(1v1 1)5%(y,) }
2,
-0 (- D) 5)
S (xl)
2
i 7“25(%) (m(zy) —m(x,))? (12)
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N3 Nl p oid & 15719 92 2FE E 2,000
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3. Results and Discussion

A RA|2H
(WAMIS)o| A= ZJ.' E—?‘—%Qﬂ]/ﬂ PRMS(Prec1p1tat10n-Runoff
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Fig. 1. Study area and location of streamgaging stations used in the analysis.

Table 5. MOE unregulated and base streamgaging stations in Namgang dam basin

NO Station Station Na@e of Period of Drainage. area in Remarks
number name river record square kilometers

1 2018513 Namgang-Aa Ramcheon 2004-2012 145.6 Boundary County
2 2018516 Namgang-Al Obongcheon 2010-2012 20.2 Boundary County
3 2018535 Namgang-A2 Imcheon 2010-2012 465.0 Boundary County
4 2018505 Namgang-A Gyeonghogang 2004-2012 1,018.7 Unit Basin

5 2018519 Namgang-B2 Sindeungcheon 2010-2012 52.5 Boundary County
6 2018557 Namgang-B3 Yangcheon 2010-2012 146.9 Boundary County
7 2018518 Namgang-B1 Migokcheon 2010-2012 24.5 Boundary County
8 2018510 Namgang-B Gyeonghogang 2004-2012 1,709.9 Unit Basin

9 2018580 Namgang-C1 Deokcheongang 2010-2012 254.1 Boundary County
10 2018110 Namgang Dam Namgang 1966-2012 2,285.0 Base Station

Note. MOE (Ministry of Environment)

THNRBEO, 2008). 2729 9 471d(1966 ~2012'd)7+<]

FEF EAARE a0kl E5F 36.5m's, B5F 172
m/s, A5F 9.7ms, Z5F 29m’s, AFFLF 715
m/soli AZFL 226 JHES R BAHT EHANEY
T#HE o8& A9 AT FL L4918 mmEA £ &
¥9] &3 9834mm UH] 63.8% FEES Hole AL
2 EAHA
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o 1000 T T o 1000 T T T
e 7 : — ,
: = B 47 S S
g £
% 100 | Correlation Coefficient = 0.91 ‘g Correlation Coefficient = 0.94
E.Z Concurrent daily-mean streamflow E‘Zﬂ 1¢
g ol o D 2 g S e
£ £
z k4 01k
"g’ 1 - L L % 0.01 - L .
1 10 100 1000 10000 1 10 100 1000 10000
Base station daily streamflow, in cubic meter per second Base station daily streamflow, in cubic meter per second
Namgang Dam Namgang Dam
(a) Namgang-A (b) Namgang-B3
Fig. 2. Comparison of four record extension methods.
Table 6. Evaluation and comparison of four streamflow record extension methods
NO Station Station Method r RMSE Extension equation Remarks
number name
REG 0.89 0.22 Y= -0496 + 0.805 X + @)
RPN 0.78 0.32 Y= -049 + 0805 X + 0.223 i
I 2018513 Namgang-Aa x <)
MOVE.1 0.89 0.23 Y= -0629 + 0905 X +
MOVE.2 0.89 0.23 Y= -059 + 0880 X + [ ]
REG 0.79 0.28 Y= -1779 + 0815 X + O
RPN 0.62 0.39 Y= -1779 + 0815 X + 0.287x i
2 2018516 Namgang-Al ()
MOVE.1 0.79 0.30 Y= -208 + 1036 X +
MOVE.2 0.79 0.29 Y= -1951 + 0944 X + [
REG 0.71 0.45 Y= -1.133 + 099 X + O
RPN 0.44 0.65 Y= -1.133 + 099 X + 0455x e(i
3 2018535 Namgang-A2 ()
MOVE.1 0.71 0.49 Y= -1697 + 1405 X +
MOVE.2 0.71 0.47 Y = -1488 + 1261 X + [
REG 0.91 0.20 Y= -0017 + 0789 X +
RPN 0.80 0.30 Y = -0017 + 078 X + 0.199x i
4 2018505 Namgang-A x <)
MOVE.1 0.91 0.20 Y= -0.126 + 0871 X +
MOVE.2 0.91 0.20 Y= -0097 + 0846 X + o
REG 0.90 0.23 Y= -1771 + 1024 X + O
RP 81 . Y= -1771 + 1024 X + 02 i
5 2018519 Namgang-B2 N 08 033 7 0 0235 el
MOVE.1 0.90 0.24 Y= -1931 + 1139 X +
MOVE.2 0.90 0.24 Y= -1849 + 108 X + [ )
REG 0.94 0.23 Y = -2207 + 1384 X +
RPN 0.89 0.31 Y = -2207 + 1384 X + 0.232 i
6 2018557 Namgang-B3 x el
MOVE.1 0.94 0.23 Y = 2327 + 1469 X +
MOVE.2 0.94 0.23 Y = 2247 + 1419 X + o )
REG 0.93 0.26 Y= -2919 + 1351 X +
RPN 0.87 0.35 Y= -2919 + 1351 X + 0259 e(
7 2018518 Namgang-B1 ()
MOVE.1 0.93 0.26 Y= -3070 + 1459 X +
MOVE.2 0.93 0.26 Y= -2981 + 1402 X + O®
REG 0.90 0.21 Y= 009 + 086 X +
RPN 0.80 0.31 Y= 009 + 0836 X + 0.210x e
8 2018510 Namgang-B ()
MOVE.1 0.90 0.22 Y = -0021 + 0926 X +
MOVE.2 0.90 0.21 Y= 0012 + 08% X + O®
REG 0.93 0.16 Y = -0651 + 099% X +
RPN 0.90 0.20 Y = -0651 + 099 X + 0.165x i
9 2018580 Namgang-C1 ()
MOVE.1 0.93 0.17 Y= -0753 + 1070 X +
MOVE.2 0.93 0.16 Y= -0677 + 1017 X + 0@

NOTE. 1 : Correlation Coefficient, RMSE : Root Mean Square Error
Y=logl0(y), X=logl0(x)

Remarks

: O Minimum RMSE, @ The Best Extension Method

Journal of Korean Society on Water Environment, Vol. 30, No. 1, 2014
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AP gF4e B FERTS dEAFez FFIA 274Ed 58 BEAIY] Astd @RI AEIHE &8
th o7A FOE A2 FE2H F AEDY A FHA g g eH, o] FHAE AP e AA fF=
< FHs7] S8 AR g AEHFo] stk F, Ao ot §&FH0] YR STHU.S.EPA, 2007). ©] F42
g FFAR] FEEI(Common logarithm)E o & 99e Sx242 gyt 9 B4 SO €83 dsiAe
o2 #44e =5 HrhRies and Friesz, 2000). ALYz Fdel dehd 5 s A4 F22AL et
ol AF F GAAY FAB3l Wl 7HA BHE HE&F oot RE RE $ZFZAL THste AT FFITHS
AFHE Fig. 20 =AEIRL, 74 XFH &322 Table 6 Zstojok gth(Park et al, 2012). LEEF 7]EwH 9
o £235%th Table 691 978 A Fo FHEH ] 71A NEFF AFL A 104739 FF35T 2 FFATFH
g 348 AT & ABAF(r)S BaEAFFLA 71fvogi ALEEIEE Holglth a#y B ATl A
d

(RMSE) 2FEARE ol &3t HF &g2s APk
HA T A8 FBAF()E AFEW, REG, MOVE.],
MOVE.2¢ X & 0.71 ~0.944}0] & RPN A= 0.44 ~ 0.90At
o]l o= EAFo], RPN d&dol o2 A HHET
H st thd "olxle AL=E EMHIAT TS REG,
MOVE.1, MOVE2¢] Z#AFTE BF 59¢ 23%E 7t
ol wet oj= Hgo] SdA =37t 44 gk o
©2 RMSE M438Z#E ®BH REGOIA H& 22HRMSE)
Q ANHE FdAa, GAAL FAA2 2L EAB2 47]0]
i, MOVE2oA H4& xRl A& G3A, B4B3, B2
Bl, ¥4B g2 9ZC1 571 AHA Aoz EAHIA
Matalas and Jacobs (1964)° w2 REG el g3 F
FE BE B2 "9FFEA oL, B G EARS H4F
Fote Ao BausPnh 9 e H&ste 249
Atdlel A= &8st A2 AT g 9oy A, 5L
?—Er@r& oz vﬂ}?} E‘r oﬂH ix}ié 01%—6—

\e

[

2 dF9 HAHY FFZH de92 o
£ A|Zst= RPN, MOVE.l, MOVE.2 W ZojA

AAx
RMSES H<Ql MOVE.2ZE A3t
33 M7|Z7t REHEM AtM
FZHE #ESFEA U FFFHY A 2 ExFR

10000

1000

100

Abundant Flow(Q95)

Ordinary Flow(@185)
Low Flow(Q275)

Orought Flgw(Q355)

Daily streamflow, in cubic meter per second
Namgang-A

MOVE.2 method

01 . . L . L . L
0 10 20 30 40 50 60 70 80 90 100
Flow duration interval, in percentile

(a) Namgang-A

Fig. 3. Full-period FDC of MOVE.2 record extension method.
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-
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Table 7. Major standard flow on stations in Namgang dam basin

NO Station Flow(CMS)
name Abundant  Ordinary Low Drought
1 Namgang-Aa 6.017 3.107 1.870 0.646
2 Namgang-A1l 0.334 0.164 0.095 0.031
3 Namgang-A2 3.031 1.176 0.568 0.124
4 Namgang-A 16.828 8.910 5.469 1.966
5 Namgang-B2 0.705 0.312 0.167 0.045
6 Namgang-B3 0.933 0.322 0.142 0.026
7 Namgang-B1 0.162 0.057 0.025 0.005
8 Namgang-B 25.790 13.159 7.851 2.659
9  Namgang-Cl 8.160 3.802 2.115 0.619

4. Conclusion

‘B Aol A
A e W $4e Bedck @tk & ARl #A 1049

| —— BExtended-record flow duration curve(1966-2012) |

Abundant Flow(Q85)

Namgang-B3

Ordinary Flow(Q185)
Low Flow(@275)

01

Daily streamflow, in cubic meter per second

001k Drought Flgw(Q355)

MOVE.2 method

0.001 . L . . L . L
0 10 20 30 40 50 60 70 80 90 100
Flow duration interval, in percentile

(b) Namgang-B3
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