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Fig. 1 The Baihe River basin
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Table 1 Decadal variation of runoff volume in the Baihe River basin during 1981 — 2015
) B ZAEF/x10° m? I/ 10° m? JEVRII/X10° m? T 5 /% AR o5 L/%
1981 — 1990 4F 23.80 18.99 4.31 79. 82 18. 10
1991 — 2000 4F 19.22 15.46 3.77 80. 43 19. 62
2001 — 20104F 15.55 11.76 3.79 75.67 24.35
2011 — 20154F 21.01 17. 05 3.96 81.18 18.87
2 19.73 15.63 3.95 79. 18 20. 01
2 2R AT A A SR AR U
Table 2 Estimation of the baseflow indices based on 12 baseflow separation methods
e Ik BFI: HYSEP %
Ay Lyne-Hol- Chapman Chapman-Max- Boughton-Chap- Eckhardt Friff it [ Wahd Rk PéBT ?Ei
kB G weldWE  maBUOE RNk BR BRL Kk Kok Mk
1981 — 1990 4F 0.90 0. 56 0. 56 0.78 0. 81 0.83 0.82 0.83 0. 81 0.82 0.86 0.35
1991 — 2000 4F 0.90 0.56 0. 56 0.78 0. 81 0.85 0.84 0.85 0. 85 0.83 0.88 0.37
2001 — 20104 0.92 0. 54 0. 54 0.77 0. 81 0.89 0.88 0.89 0.89 0.85 0.93 0.46
2011 —20154F 0.91 0.55 0.55 0.77 0. 81 0.85 0.85 0.87 0.87 0. 85 0.90 0.41
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(P=25%) . “F-(P=50%) . Hi/K4E(P=75%) i) HiL B 4F
0y, I 12 Fh B 43 #1758 45 7K P 4R 1Y 4F KR
TR R (F3), AT LK B [6] 7 kb1 540 G i 750 45
BFIMHEA T 255 . BFIEE RN Tk 45 22 57
R, AR K B Z , BFIE BN, 0 53 2 )7 12
X B AR AR (1 BE I AT R A A AT I BRI BE ) o LA

TTEM AN SFAR 1 3 B4 R A 22 A, BlTRS T
ARy i B e R AN BEAL A M X 0
Hitt—HAE R AT LA R AR 2 e, AR
SCOMAT T 12 BRI 20 0 7 R AN B 0 A 1 R S
THRAIE (R 4) o BOFUB Ik B bm I 22 fe /), UiV
ONTEE o LT IR e 22 e K, R E MR 22
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Table 3  Estimation of the typical year baseflow indices based on 12 baseflow separation methods
LA ERI 2FS BFI: HYSEP i
— — PART Jilff
)y  Lyne-Hol- Chapman Chapman-Max- Boughton-Chap- Eckhardty§ FrifE ot EEL Wahd i . -
ey Sk e TR Sk ey Ry Ly -y e i T
lick JEIIE IR well SR % man &L Pk BFI  BFI Kk Kk /MAL
1986 4 0.90 0.57 0.57 0.79 0.82 0.78 0.77 0.8l 0. 81 0.82 0.87 0.23
1992 4 0.91 0.58 0.58 0.79 0. 81 0.85 0.84 0.83 0.83 0. 81 0.88 0.38
2003 4 0.90 0.52 0.52 0.76 0. 80 0.87 0.87 0.87 0. 88 0. 87 0.93 0.53
4 12T B Dy A 0 & AR B BUE M ST
Table 4 Statistical results of annual baseflow indices estimated with 12 baseflow separation methods
Y E 37 BFI: HYSEP %
Heit — — - — PART JilHt
B Lyne-Hol- Chapman g Chapman-Max- Boughton-Chap- Eckhardt b ot @B Wb R " -
L o Sk
lick P& 1% ek well JE % man JEJE % N BFI BFI K Kk /MEE
T 0.91 0.55 0.55 0.77 0. 81 0.86 0.85 0. 86 0.86 0.84 0.89 0.39
bR 0.01 0.01 0.01 0.01 0.00 0.03 0.04 0.03 0.03 0.03 0.03 0.09
SSON] 0.94 0.58 0.58 0.79 0. 82 0.94 0.93 0.93 0.92 0.92 0.95 0.58
e/ ME 0. 88 0.52 0.52 0.76 0. 80 0.78 0.77 0.81 0.8 0.77 0.84 0.23
N 1.08 1. 11 1.11 1. 04 1.01 .20 1.19 114 1.14 1.20 1.13 2.53
b T3 12 bR i 22 THaxX PIZRIE Z 1] Eﬂﬁ%ﬁ* (£5), 12877 i g b KA R BFIHE S H

HH T

TR
TEREEEIEA

o AF BFIWAH L B i gs ik
2.53, HAh I ikit5E 4 %Mﬁ,%&ﬁ$u
AR BT U8 I % B 3 o0 B 45
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PedR s, HAbI kA ﬂ: HZIh, HAR

B 12 B0 07 2 AG 5 1 4F 33 BFHEAEH A2 Br

%5

b 75 WA S SR A, i LTk 5 LA Dk (A G
PEfe 22 . BFIVE R HYSEP 2 5[] 28 5 vk 22 8] AH ¢
Yegehy, Sei it FEIARE A X . AR BB E
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Table 5 Correlation coefficients of annual baseflow indices estimated with 12 baseflow separation methods

Jrik:

BFI#: HYSEP %

PART Hil

Lyne-Hollick Chapman Chapman-Max- Boughton-Chap- Eckhardt #ri#fE etk B Wahd R

% Tk

W RNk welllBIE mandRUEE WBMGE BRI BRI Kk Kk MERE
Lyne-Hollick
ek b0
Chapman JE )% 7% -0.28 1.00
Chapman-Maxwell I —0. 28 0. 99% 1.00
Boughton-Chapma
- -0.01 0. 80* 0. 78* 1. 00
Eckhardt J1§ Il i -0.23 0.61% 0. 62% 0.61% 1.00
¥R BFI 0.72%  -0.51* -0.51% -0. 40 —0. 60* 1.00
Mk BEI 0.69%  —0.55% —0. 56% —0. 46¢ -0. 63* 0.96* 1.00
E eI 7S 0.73%  —0.56% —0. 54 —0. 49% —0.48% 0.86* 0.87% 1.00
HERPIEIZ SR 0.69%  —0.65% —0. 63* -0. 57*% —0.60* 0.88% 0.89% 0.97*% 1.00
Jaitil e/ METE 0.67%  —0.59% -0. 60* —0.51% —0.50% 0.77* 0.85% 0.79% 0.81* 1.00
PART % 0.66%  —0.61* —0. 59% —0. 49% —0.45¢+ 0.76* 0.80% 0.87% 0.88% 0.79* 1.00
ISR 0.37 —0. 54* —0. 54 -0.32 —0.38 0.43¢ 0.46° 0.50% 0.48% 0.54* 0.53* 1.00
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Fig. 3 Baseflow hydrographs estimated with the 12 baseflow separation methods in 1992 (a wet year)
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Table 6 Verified results of baseflow estimated with 12 baseflow separation methods
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Analysis of the applicability of baseflow separation methods in Baihe River
basin, the source regions of Yellow River
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Abstract: Baseflow is the vital supply sources of the runoff in the Yellow River, which plays an important role
in water resource planning and ecological environment construction in the source regions. In this study, the Bai-
he River basin was selected as research area in the source area of the Yellow River. Based on the daily runoff da-
ta observed at Tangke Hydrological Station from 1981 to 2015, 12 kinds of five types commonly and widely
used numerical simulation methods were used to separate the baseflow and compare and analyze the applicability
in the Baihe River basin. The results showed that there were significantly difference among the annual baseflow
indexes estimated by the 12 methods; the baseflow index from the Lyne-Hollick digital filter method was the
maximum, 0. 91, and that from the Kalinin method was the minimum, 0. 39; the standard deviation and the ex-
treme value ratio from the Eckhard filter method were the worst, with the best stability; the standard deviation
and the extreme value ratio from the Kalinin method were the biggest with the worst stability. The daily runoff
process in 1992 (a wet year) was separated, of which the results showed that the baseflow hydrographs from
Chapman digital filter method, Chapman-Maxwell digital filter method and Kalinin method were much more
smoother and slower, which were more accordant with practical circumstances. The baseflow simulation results
of Boughton-Chapman digital filter method, BFI and HY SEP methods were better, their Nash-Sutcliffe efficien-
cy coefficients were higher than 0. 87, their decisive coefficients were close to 0. 9 and their average relative er-
rors were less than 10%. It was concluded that the Boughton-Chapman digital filter method and BFI method
were more suitable for the baseflow separation in the Baihe River basin.

Key words: baseflow separation; baseflow index; Baihe River basin
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