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Abstract

Based on the daily runoff data and climate data of Wenjiachuan hydrology station in Kuye River basin
from 1956 to 2012, the appropriate segmentation method was determined by comparing the numerical
statistical characteristics and the base flow index errors of nine methods, which includes recursive digi-
tal filtering, smooth minimum and HYSEP methods. The difference product curve and slip t test were
used to determine and verify the mutation year of base flow. The contribution rates of climate factors
and human activities were calculated by double cumulative curve method. The results show that F1 me-
thod is reliable for analysis, and the base flow not only shows a trend of continuous reduction, but also
the abrupt transition years of 1980 and 1996 were inconsistent with the abrupt transition points of cli-
mate. The time series was divided into three stages with the abrupt transition years as the boundary.
Compared with the base period, the contribution rates of climate and human activities in the second and
third stages are 7.72%, 92.28%, 15.73% and 84.27%, respectively. In the 21st century, human activities
have always been the main factor affecting the base-flow, and the influence of climate change on
base-flow shows an increasing trend.
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T BB RIBER ) K 3C051956~20124FE ) H AR BR AR SREHIE, 81T E0E BEF I8 (RFX).
BFIEBE. FER/MEZE SHYSEPETUR I A F HES EINERTE. BRBEHESITHES S EMRRE,
WEHBEESKB S RAZRMZEERMRBEHEHRBERRTES; RANRR LS BHHE
SBEEESARKEINTIRE. SEER: EAFIERTERS EE AR ZRAMUERHFERD KBS,
HRTERN1980FEM1996FEE5RMBERE SA—B, DRBENFRE B FIT A=A B . SEMEML,
B EMBRSFEMARESI N TRES N 72%. 92.28%F15.73%- 84.27%. HEA21HLE, AKIES)
WBAREMERNEERNE, [EZMANERNEHEINE HEBKK&ES.
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1. 5|15

SERUAE I AR I BB AR 7y, T2 T R IX i AR L2 —, FEIR 2 77 H#R A HE 2
B, Bl S RGUER . KA, TR AR B - 4200 R[] [2]. 1R XK sk B /K 20
(LR MmN, FEHH DAt T K BB sGB IBAN S TR, AEAERFE AN REBTIL KPR AR E 1 1 K 4555 2R I [3]
HLIUR] 2 5K R HETT R N K AP, AR S T RS IR ST AN SEEBI SRR
%

o BFITAUE, M A ST Pl SR, IR TSR B DORBETT 58, L SIS AR T B M B A,
TARAR B G S ASEN I o R BPRDK R R S /DN, BUORSOIA 21 2%, RALE ARSI 9 %, TUrFA
BRI 12 2%, WEASKIRR, WAL AP AL m . ZRm M, A3 R ko DX S AT AL A Bk A_E b
FEAFSE R X, M, R MAREICIT S R, MR, VAR AR IR G, R
Z, KBRS E, FHBOy AL, FRRDIRIE, ShER s, SOk, BRATER TR TRk
PRI, R EA R RES, RNz bOyE R RN 2 KX, KRR 20 A R
HARKIAIYSINE, T8 - BB IE, FERMPEATRE. HAl, &R Ar KK IR 7 &
T AW SRR R, AL BT RAEUR AL 5 N EE SR 5T R B RS A A R B AT

W TR S NS A R s, Bt e 2 B MR A Fe& . HAT, Brxikiaeie
LR R 2R M T 22, i Willby S [A138 I AU AR T BRIt FUAEAN R I SIS AR AT - 3t 1 P A2 A 30 52
Wiy, &5 SRR WAL A=K IR SR AR A I 2 UG KUK Vorosmarty 45 [5] AT 5t 32 BN 25 Sl 6f 3437 O S0 7] RE
R AR AR G R s FE A [6] 55 e U 0 VA B P IBek AN - d /B AR A7 P 5 TR 3+ 4
HEAL B AR R ER, A8 BRI AGE SR R [7 18 I B AEA [ (R 53 23 107 5 0 A AR
MR NI SR SRR AR, 25 AR N IE S SRR T A8 Ak T Uk e [ I e 5 A i fh
Wi FNTTE AT T R BRI K AR 2 IR PR 2R, 45 SRR WA SR A BT R o 3 e fr . T
B 5 2 0 R BN AR B 00 T BT AU A it S SR B A IR I FEAFAE 22 5, A SCHE DMERIE FE ) kit 3 A )
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Figure 1. A sketch map of the Kuye River basin
1. BB IR

3. ERaElSFE
3.1 BPABCFIEBE

B B IEBEE /2 i Eckhardt [917E 8. 2 B8 IR 3G _E 5 K USEB T IR BT %, Herh BFL e A
M3 57 R e KSR RUAR A, e BRI S WG, AR B R 3 1 AL IR, A ST X 0.5,

3.2. ¥FiRE*x

B A H R BE A, BRI H T Z M B 3B L L - Lyne-Hollick 38 % ¥ [10] [11] (F1).
Chapman-Maxwell J€%7%:[12] (F2). Boughton-Chapman Ji€372:[13] (F3). Eckhardt Ji€i#77%:[14] (F4).

F1 ¥:H Nathan F1 McMahon [15]F 1990 45 /42, Nathan [11]55XHE AR 186 4Miiis K Amold [16]55
Xf 26 [ 11 MR BT TR o L 0.925 I 73 B RCRBLUF, BRI o 4645 0.925, B 7905, N (JEBXE)I 3. F2
¥4 Chapman [17]F 1991 G=5%F F1 A 1A @BEAT 1 R G0 0T, ¥ o HUN 0.95, N (EH X E)EL 1. F3 ¥%: Chapman
A1 Maxwell [18]4 i JE i 21 (1) 34 I M 1 i 21 () Hh R AR TN BT — B 20 B8R f AR, T R B 5 #2, p
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k NiB/KRE, —MIEM k = 0.95, N (JEBKREOEL 1. F4: N TAEARE PR S EILSEE, FINH—1
¥ C, KA F3 A 1-k HHSH CARAF, AW HEL 0.15, k BUB/KE HUE 0.982, N (JEMIRE)E 3, X&
— NP R BT IE N B T

3.3. FEmIMEE

-4 f/)ME (Minimum Smoothing Method, MSM)EI BFI (F)iZ:, J2& 1980 4E [ /K ST H 1) — B SR
JiE[19], HHIESE AT 51 40 AN T8 & (30 43, 30k HA R AN 43006 J2 — 5 SR AR A B/ ML LA o e i, T
P AU BRI F M R [20 P AR A TH B R o B IRDEAC N AT DU ki g [21] . 28 ni BAE 0
SRR, K N BN 4. ORI AR R T, BN AN 2 R [22] AT SR B, f AR FEEUE N 5 B A
JEAEIE, ASCKIHEN 0.9,

3.4. HYSEP 4y EI3%

HYSEP (A computer program for stream flow hydrograph separation and analysis)iZ: 3t A = Fh 37 70 %1 5 12
JE [FIRR2(Fixed) ¥ Bl [A1BG Y2 (Slide) Al & 3 e /ME V% (Local min). =772 1 S N A HH B /K I B K
N =(2.95A)" @)

X N R AR LS RO FR AR K BT BE(d): A ISR (Km?),  Hf 5E I 5 370 43 ) 6 Bk i) i) G g e
JET 2N FE A BUVETE 3~11 3%, A 8706 km?, N N7, #tLh 11 d & a] e Bg it 4T 2 & .

3.5 ERiEH

Hi 4 (base flow index, BFI):E fif i I B AT 1R L& o5 S AR R AT L], Sl )RR R Nt
B BIT5VE 22 5 00 Hh Bl B iz X i 7 1071, 38 1 9 Mo E1 07 20 AT AU 5 )1 7K 3Lk 57 4R
LA E AT R, SRBOERIREE, IS B SR 22 S G TR . RIS H] SPSS XA
R T R A I SRR A A BORMARTC T, RIS R REL, MRIRAIE s F AR -

3.6. IRESHT
K H Nash-Sutcliffe [23]%0 % R E0(E) F1-F- A XHR Z (RME A 3 — V&K R [8],

n

_ 2(Quy Qi) Q-0

3 (Quy ~Qun ) Qn

e Quo o | EMIAEREFRE, 2 me, R AR (QoolQso) S BT R IITRAR, (Quo 5 Qo A1
T Eh 7 T 20 2 FO R B BB AN T 00% 5 5006 IR ER), Qo SR FIA I F J7 350 50 ok
GG, AL M, Qun JVUI PR ESER R . —MAH, E BT 0.6, R /ANT 109K UM R FUA BUF (RS FE

4. GROH
4.1, BKERHTHE

N7 P 38 VA 2 B T L S — R AR BRI U, HRER IR K E R oo —RORUL,
w H K728 MRC (Master Recession Curve) /5v2:[24]. 0] )42 AE T it B2 v | T 52 S 25 (K 52 i = B0 vy
R RIBNEFE, FHOAAT R 57 SRR, AR SCHE T Bl at e 58 )1 | K Sk sl H A% i i
AR REN R H B, JETIBK A, SflHIBKB(E 2). IB/KBUZH RS &K ERKEHRT R,

@
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Figure 2. Hydrograph and recession curve of stream flow in Kuye River
E 2. EFmREEE%SRKhEREE

I A _EJ7 R A AR K 5 80 0.982, RIDNTEEOR R REF 1 —NIEE S KL, KA AT A5 R IR 5] F7 2156 B R
SRS, ETHE R P IE F L SR EE AN T 0, JEREA K TARREM D ER, #EART T 7 i
RBHFRERIBIE, [SRRARIERTEY.

4.2. BER5E T ERIEE

421 ERDETELLE

3(a, b) R 9 FhIE it o3 F 5 00t i B iR 2% )13 1956 4E~2012 4 HARHLFHI B 4550,
ATAE Y, SR E SRR AR SRR A A — 8, AR AT E R @), RAEshEN
B 5 HYSEP VE MM R R B A T A, (H i TP R i B S S LR, R AR I 3 s ey (AR 00
BRI FE . W BB/ IME VR D AR 00 5 81 AL B SR F R P A 0 510, Ab B FEAFAEAR 240 A, R BE TE At S
FELM PR [25]. AR, P ()i VAR IR L 5 AU R AR B R BN T, ERF A RIS BELJE
RUNL, F2. F3 vk SIihZkishie R, Agfaoe, F1. F4, AR kBonie .
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Figure 3. Monthly variations of base-flow calculated by the nine base-flow separation methods from 1956 to 2012
3.1956~2012 £F 9 #ER 7 B G EMEIRIT L LR
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4.2.2. R\

9 FhESIR AN EIVE MBI S RIAE 1, RESEINEMG S RA—E, FL RIS 8 IE R Al H )
IR EUE /N HBEIR, 2908 0.34 iy, Al 7 Fh77 205 S0 B 48 BuE fm ok B H R340 0.39 At ¥
FERARBEAEM R, SRIE 2, VRS T IEBE . F4 54 8 Ryl s M etk iy, T
0.97, A E MR FL kS 8 PO ik fh 45 AR SCHECUR T F4 72, 8 VAR I8 B A O A 22
RNRNRIFCA TG o BTG S R 225, /b 9 IR IR 40 177 e vHRRAE (32 3), T Bhis/ METE IR
HEmZE K, HIKON HYSEP %, F1. F4. BBIHECHIRIE AR HEIR 2280/, F2. F3 VL MbRE (w22 e/ .

Table 1. Base flow indexes estimation by 9 base flow separation methods

= 19O MERD BTG EGENERIER

HYSEP % 7 B P
A B B/ MEE T VA K
FI Sl LM F1 F2 F3 F4
1956~1965 0.4325 0.4335 0.4364 0.4167 0.3634 0.4003 0.4077 0.3928 0.3567
1966~1975 0.3972 0.4075 0.4098 0.3751 0.3333 0.3818 0.3894 0.3663 0.3331
1976~1985 0.3661 0.3760 0.3791 0.3429 0.3016 0.3735 0.3815 0.3419 0.3182
1986~1995 0.3784 0.3831 0.3813 0.3427 0.2964 0.3564 0.3648 0.3557 0.2993
1996~2005 0.3669 0.3930 0.3954 0.3555 0.2972 0.3719 0.3787 0.3475 0.2983
2006~2012 0.5311 0.5471 0.5426 0.5018 0.4459 0.4382 0.4426 0.4656 0.3908

Table 2. Correlation coefficient of annual base flow indexes among 9 base flow separation methods

2.9 MER SRS EERERENEXRY

. .y e HYSEP i ARk
FI s LM F1 F2 F3 F4

MSM 1.0000

RF 0.8670 1.0000

Fl 0.9640 0.8830 1.0000

sl 0.9770 0.8780 0.9860 1.0000

LM 0.9560 0.8740 0.9470 0.9550 1.0000

F1 0.9560 0.9320 0.9600 0.9680 0.9540 1.0000

F2 0.9090 0.9410 0.9320 0.9370 0.8910 0.9190 1.0000

F3 0.9040 0.9440 0.9250 0.9290 0.8910 0.9140 0.9950 1.0000

F4 0.9700 0.9210 0.9820 0.9900 0.9570 0.9820 0.9600 0.9550 1.0000

Table 3. Statistical characteristics of annual base flow index in 9 base flow separation methods

3 3.9 MER D RIS EREERIE RGO HHE

. . i HYSEP % KT IEPE e
SIMRHE W AER/AMEVE B A IR
FI sl LM F1 F2 F3 F4
SN 0.6837 0.6682 0.6630 0.6230 0.6054 0.4821 0.4842 0.5712 0.4692
/ME 0.2414 0.2396 0.2485 0.2345 0.2027 0.2826 0.2945 0.2333 0.2323
AE E 2.8317 2.7884 2.6684 2.6568 2.9867 1.7062 1.6439 2.4481 2.0201
¥H 0.4058 0.4168 0.4179 0.3832 0.3340 0.3843 0.3916 0.3702 0.3297
Bt 22 0.1054 0.1020 0.0995 0.0945 0.0829 0.0467 0.0443 0.0756 0.0502
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423. ETEEREBNRESH
NIRRT P, RS A AR R, BIEH E S R 4R WA 4. F2. F3. W3
Be/MEE. HYSEP(F). HYSEP(S) I F34IAHXHR 2 Fih 27%~32.15%, ARG BT, F4 F1 HYSEP(L)
5 Nash-Sutcliffe 208 REII KT 0.6, (HFIJMHXRZERR, BUERBOGEAR: RF FIF1 (1) Nash-Sutcliffe 2% 5
509 0.81 F10.84, ~F¥JAHXT IR ZIEHIFE 10%LL T, 2054 9.96%F 7.28%, H AL &5 S BRI EL 1A L.
BRI GREFMIS TR BB S R E TSR, A SCERE & B SR FL BT — 2 a0t 7 .

Table 4. Verification results of base flow in 9 base flow separation methods
= 4.9 MESR B S AR IES R

WiRrS E R
RF 0.81 9.96%
F1 0.84 7.28%
F2 0.55 27.00%
F3 0.47 29.80%
F4 0.72 19.03%
MS 0.50 28.29%
HYSEP(F) 0.42 31.64%
HYSEP(S) 0.43 32.15%
HYSEP(L) 0.63 22.49%

4.3. BERBIESH

43.1. ERIiEL
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Figure 4. The trend of base flow in Wenjiachuan hydrology of Kuye River
from 1956 to 2012 (F1 method)
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432 EREREXLL S

DRI T SRR AR O, B I AR AR R R U S, SR 5. TR R E AR
(3N £ IEA B T %, 5 50 UM, 21 BRI R 66%A 4. [FIN, RAPHIERYN, EAR
FAERK AT R K THE, I NSRRI 5 LAY 511

Table 5. Base flow of decades in the Kuye River basin
#5 EFTRBFERERE(Z M)

F1 3%
G
& 2 G7 ES
1956~1965 3.98 9.16 6.06 10.52
1966~1975 435 8.02 4.90 11.79
1976~1985 3.78 7.09 435 9.83
1986~1995 3.38 5.56 2.71 6.15
1996~2005 2.02 3.29 1.10 3.26
2006~2012 2.32 2.15 1.19 3.78

43.3. ERFTLIFED

SREL 22 | Z2 R 26 1) 7 S B BRI 4 RO IR R AR Ay, TS BT830 t RS0 B Rk SCE R 1)
J7 5 A gt — I o

1) =Mtk

ZERU G RY BARE T 2, 2k b oK B ME S R R AR AR N T RERIRAR A b 5, YDA AR
A48 1980 F1 1996 4F, AKAEIHAHYE, KW t RIIER K

2) W Eh ALY

ZITEI JE B CAREAR B X, Xy, X, » H 3 1a, 20 5 O HI 5 AH QB SE ng A1 ng 4 AR AE
WHESHE TE. ME 6 AT LLE— B IRIER & H 2 4E 43y 1980 £E A1 1996 4.
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Figure 5. Base flow difference curve in the Kuye River
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Figure 6. The Sliding t test in the Kuye River
6. BENERBD t 1958

— — 2 2

T X, — X, S (nl—l)S1 +(n2 —1)82 3)
1 1 n+n,-2
s|l—+—
nl n2

Xf: X X, S S NHTE ng A ng S IEAFRIER .
ik, IR B F IR A=A B 5B (GEHED): 1956~1980 4. 25 —HrB (KL iR
FRi)): 1981~1996 4. =W Br(EF I RI): 1997~2012 4.

5. EREMERNERS

BT UL EX RS LR 1 70 AR TAE PR A A RAZEE G IR B SRRl £, 3 — P Wi B AR
WHIRZR . SIS D R BB AR L ISR« TR L AR i R 55— R A LRI SRR B[ 26]
i BFITAUR B AR S T SR K 4 R E S BOZRIRAE S RGeS, FER S 2R, N ZIAURE A 2658
IS SR, NSRBI . STk, SO N URARA AN NS Sh PY 7 TR I M S i AR A I KB R 3R

5.1. PEKMK BT E R

ME 7(@)~0)T LA, EaFRBREA BT, EFRESEEINEE LIS, BKEEIANEER
TR 3 — B S K KSR RS EUE L B IE B TR [27 106 BRI SR AR AL A AT A, IR EEAT Pettitt
[B1#6: 56, ZEEFRET, FR/KRIRABEN KT 1979 4, SIRMRADFENHIE 1988 4F, KM KRR
HZEAE 15 1980 FEk 1996 G2k AR A, i A S 3L & 28 N R IR S %R R ANEA N ZIE 3N 52 m .
5.2. SIEMAREDIERETERETE

FRYE F1 yE 5T JE IR SR ARRRE S IR s IR R AT 5 5, Ji 3 28 14 0] V345 B O[] B B AL v = AR AR R 3R R b
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Bil, VEUWLIE 8 R 6, JyTHEUANIRIFEMA K 2 M DTER AR, i[RI AR IR DX TR SRR K B SR I R AR AR R K
tefl, VR 9(a) (RABEKE). & 9(b) (REVSIRAE)FIE 6,

gil, MR 6 ATAN, SEUEMIMIEL, KBRS R N-0.9098 12 m¥a, ABILF N-38.241%; FE/K
A5k B N—26.69 mmia, 24k R A—6.325%; IR AL E N 0.247 mm/a, AL R Ky 3.371%, N SARARL R N—2.954%
AR NZIE SR R TTHR R N 7.72%80 92.28%. SIEAEMIAHLL, M TR HAIL A1k B N-1.7803 12
m%a, ZFALFAN-74.831%; [/KAEILE N-33.66 mm/a, AEILFRN-7.976%; SRR N 1.45 mm/a, RN
19.746%, NISEAZA N 11.77%. SAEFIAEIE B0 B0 [ DTk 3 7373l A 15.73% 1 84.27%. K0 R HH 5 7K
AR IR L, JE AR 1h BN —0.8705 12 m*fa, 254k 3 A—59.246%; [ /K AE Ak B —6.97 mm/a, 251k 3R N—1.763%;
SRR EY 1.20 mm/a, B 15.841%, MISARBZT 14.08%. S5EFINFETE B F I 10 DRk 2653 50l
23.76%H1 76.24%. HHILTTLLE R ANZRIGZ)E A m B i) E 2B R . thah, AEARA I Lt 2 I
S50 BT, e R X R AR IEE R

575 10.0
— Rk —-= B 95-__/:Wﬁ —-= B
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Figure 7. The linear trend of precipitation and temperature of Kuye River from 1956 to 2012
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Figure 8. Accumulative curve of base flow in the Kuye River
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Figure 9. Accumulative curve of precipitation and temperature in the Kuye River
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