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The attribution analysis of streamflow changes in the Zoige basin based on the Budyko hypothesis
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Abstract: The hydrologic cycle research under changing environment is one of the hot topics in water science study. The study onthe re
sponse mechanism to hydrological process changes is of great practical significance to future water resources planning and management.
In this study, based on the Budyko hypothesis, we conducted attribution analysis of the streamflow changes in the Zoige basin by senst
tivity analysis, and the results showed that: the sensitivity coefficients of streamflow to precipitation, potential evapotranspiration, and
catchment characteristic parameter were 0 654 1,— 0 234 7,and — 182 205 0, respectively, which means that every 1 mm increase in
precipitation would induce a O 654 1 mm increase in streamflow; every 1 mm increase in potential evapotranspiration would induce a
0. 234 7 mm decrease in streamflow ; every increase of 1 in the catchment characteristic parameter would induce a 182 205 0 mm de
crease in streamflow . The streamflow of the Zoige basin showed a significantly decreasing trend. Compared with the reference period
(19606 1990), the streamflow of the change period (199F 2011) decreased by 56. 23 mm (20 48% ). The main influence factor was the
change of underlying surface characteristics, whose contribution rate reached 93 46%. The dimate change only contributed 5 . 57% .
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Fig. 1 The locations of Zoige basin, hydrological stations, and meteorological stations
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2.1 Budyko BiX¥2 &
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ST, LR AU RIS, T Budyko

s A fEdT s 5
%: 1+ %— [1+ [%ﬂ? (2)

A o yffidsk T 2 FF AL S KL, REs I BRI T
£ TR VNS I i 7 i 7 1 D25 N 2 AN o 2
%[13-15] i

1, Budy ko fB BB AT A 0 25 RE s R AE
f— G Rk A

L=t o) (3
2.2 RBARRFRE F GBS AT

SEPVER B S A0 SR H— A AR
SHOVEURYE R KL RV I MR AL AR R 2 B
(X ) ZARS R RIS AR A B 9Q/ 9X )

BRI P K E AKX P= E+ Q, )X
(2) T LU o9 AR Q HO R A5

Q=[P+ E o]" - Eo (4)

BT (4), MM R T, 7T RIS AR
(Q) X SUFRAA R (P, Eo) FIBUETER

w0_T,, {%]“]( (s)
w17 e
W_pe by [ - &) P B
%.m-(lnP'Pw+lnEo‘E§)] (7)

Hor, o N BN IR R AR T
2.3 HFERR

AW B, T 45 7K 56 38 B 3 X3 1)
10 MR E (LA 1.3 1) 1960- 2011 FFiZ H A
SHYE (EH XA G 5 BF O http://www. nmic.

gov. en/ F&AY) | FEAFE 7K L& K #=( D20) 1Y
AR B RIS B R PR A R RE L H R
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Tab.1 The hydrological stations and meteorological

stations in the study area

RS W4 K CE) 4 (°N) mf/ m By
56067 AR 101.483  33.433 3630 ARk
56173 4 102.550  32.800 3492.7 KRk
56079  #/REE 102.967  33.583  3441.1 KRGk
56074  Fhiif 102.083  34.000 3473.2 K&k K0k
56043 R 100.250  34.467 3720 ARk
56046 IAH/HIE  99.650  33.750  3968.5 Gk KICu
56151  Pi¥y 100.750  32.933 3530 Rk
56172 HREE 102.233  31.900 2665.9 ARk
56182 AR 103.567  32.650 2852.1 ARk
56065  TAE 101.600  34.733 3501 KRk

3

3.1 ERZABBARELRFIE

M anir K endall £ 56 /& 7K 3C 2% v 3t 3 B H ) 3F
SHURGEE T35, F R85 & Hh 55 TR A (1 A
%, EH TIK AR — R VIR IS A0 L
P, AW T 458 B3 1960~ 2011 HFEAZF 1230
B 4T Manr Kendall #3536, SiH%IE Z N
- 2. 83, HAEXHEI Z1 > 2. 58, R HIWF 5L X BER T
ERIVARM T &S, B0 01 KF EEE.
Fy—J5 T, R # R 85 R AR R AT Manr
Kendall RAFKIES, 45 5 (Kl 2) R, 0 L X 448
i ManrKendall #5481 & UF B UB 153
i 7 EAS K 0. 05 AHRLE G A (Y= 1 96 Al
Y= - 1.96), UF Hi£ZZ 1 UB #hZk7E 1991 AL
X i, HAZ AT Ml SRk 8], X B 7T X 4200
AL FE FAE 1991 4E RAERAE,

FF ManirKendall 9848 5 46 25 8, 45 /K 5501
OB AT AT RE 2 AR STE 1991 4F, i Sk i 7T
i} BRI NEEHEI (1960- 1990 4F) AR (L1 (1991
- 2011 4F) o xF L AN TR B A I 33 2 4 1 1)
i, AR (B 3) R, #5/RK 5 it ik vk M 2 41
B EN 274. 57 mm, BAIAZ PR E N
218. 34 mm, G5 R, 5 B HE AR L, R0 AR IR
I/ T 56 23 mm(20. 48%) .
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2 Manir Kendall
Fig.2 The Manmr Kendall change test of streamflow in Zoige basin

3 (1960- 1990 )
(1991- 2011 )

Fig.3 The comparison of the streamflow between reference period
(1960 1990) and change period (199F2011) in Zoige basin
3.2 AT Budyko fRi% 89 AIBAZ A FAAER

F BRI Bom A5 AR S50 ORI

FETH7 RFE IR 1960- 2011 FFIZEHE, 15 5
WX 2 PR E(Q= 251 86 mm) \ Z 4 F
KK B P= 687. 45 mm) % 45T B9 0 28 UKk
H(Eo= 816 36 mm), fR AT (4) [F] iR FH B/ — 3¢
2, SRAFW T X RUIBRHIE Z4UE 0 1. 9947,

FTA(5) A (6) (7)), KRG /R G RIBAE
ot B K U PE R B 00/ 0P = 0 6451, A2
K PEZE BRI BUBAE B2 0Q/ 0Eo= - 0. 2347,
TR AR U T U KR AE S B O 0/ dw=
- 182 20500 X43HIERR T, 45 /K 1 it 38 B 7K B 1
1 mm 5 BUR AR RN 0 6451 mm, WETEZE
BUR BN 1 mm ¥ S BOR AR D 0 2347
mm, JLIBRHE S BN 1 % 5 Bk 2 kb
182 2050 mm .
3.3 ERAZABLAZT RS AT

FFH7 R S5 IR E (1960 1990 4F) % 4F
i, 193 2% 0 50 B 2 4 S 3 R0 & (274 57
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mm) « % FF P K 2 (683 96 mm) A& F-F 357
TEAHUR B( 813 73 mm), RN A (4) A N %
AN, SRAGAIE 7T DX 3 v B O R IR IE S B ©
N1 8746, [FIEE, HE TR H1(1991- 2011 4F) 1%
FE BRI E (218 34 mm)  ZE P KE
(692 60 mm) H1% 4F 14 I 7E 76 Bk & (822 14
mm), 3R 45 W 78 X A2 44 W 1 I 9 R AIE 2 50
2 2064, PAMBFFURT B AR L R B R IE 2 5L
AN 2.
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Tab.2 The changes of streamflow, meteorological, and

catchment characteristic parameters

T B Q/ mm P/mm E o/ mm ®
1960- 1990 4 274.57 683. 96 813.73 1. 8746
1991- 2011 4 218.34 692. 60 822. 14 2.2064

AL - 56.23 8. 64 8.41 0.3318

BT R B AR T SRR T (P Eo)
JEME BB S AEASAL B (AP AEo) , BT RS M
PRI 3 AR A B B

AQcliae= 0Q/ P * AP+ 0Q/dEo* AEo=
5.57+ (- 3.85)= 3.60(mm)

b R BRI AR IR AR A S B @) 1
UM R B R IE 2 B AR R (Aw), THET]
FSHUAL SRR R Ao YA AR I AT M o A

AQeachmen= 9Q/ 30 = Aw= — 60. 46( mm)

P UM T 43 5 /R 6 I 3 A T AR 0 E R & AR L SR
3, 45 BR B, 7R FUIT BE 1960— 2011 4[] 5 /K T
A% AR A B T Ja TR 2 A URRAE 1 AR AL, 5 B
BAE R 60. 46 mm, TTHERFR AT IE 93 46%, 1A
1BAS AR S A & 5. 57% o

3

Tab.3 The attribution analysis of streamflow

changes in the Zoige basin

Iﬁ E A 0 AO climate A Qu atchme nt L; %
R B/ mm - 56.23 3.60 - 60. 46 0.63
TR (%) 100 5.57 93. 46 0.97

4

4.1 ATFTOEARB&LERIE

KR AR 2877 122 IO R R EER — s ks K
TEAR A b TR AR R E W )2 k.
FEA AR MR KAE A PR RS B AR Ab R AR A4k
[, LI ETHT AR A X6 B 7K1 52 ) 2 155 1, T 2R
AR 52 B A B K AL FAE A, R, e
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LR v i 2] DAy FRia ek R 2 T AR 06 I S AR I
AR

B 4 45 R S K 25 A0 B R SR R
Lk 1, 45 R B, 1960- 1990 4E 8] 4K R E 5
1R RARE A B R &M X R, LG HL MR
RAE 1991 FFR A B WA AR AL, IX A5G At Firh xf
BT I B Kl (R INF 2 B, T 300 AR A AR 1% I BT
X AR A B B s, o S S R LA B
A KL HIEE SR s 1 R E AR A S

4
Fig.4 The double mass curve of annual precipitation

and streamflow in Zoige basin

ME AT LA H, EE R R AR 2 0=
0 4033 2P- 31 071, T FE ik E RELR® H90. 9907,
M N N 52 4, Gt ieiaE] 7 0. 001 EAS
AKF o AR R R K & ALE R, 5
B R TR R, I A AR AR E
¢, B 5 i 7 AR AR AR SR I B S B AR I
EAXTLL, 53R KH, B 1991 - 201 1) SZlEE-F
RN 218 34 mm, B F IR G E A
279 12 mm, FULAED, NEE ST AR A &
AQaidmai 4 60 78 mmo

5

Fig.5 The comparison between simulated and measured

stream flow based on double mass curve

4.2 HBMSHTT K

HALE HAB W TT I 35, R 2 BT 3 T 4R
FHAAGRBUBENE 7381 7592 KA TS AR AR RIS AR IR
M o U 23 BT 7 R R IR AR A A
(RIBRK SIHL IR G T S0 i 4 AR T — A
WIS o 10K 2 SUBURE 2o M T 7T S 1 Bg
R, b B N iz B BEAR AR Y 2 2 A K A
PR Budy ko fRBLE AKIA-PH L AR,
R PEdsk KSR AT FE L Y 5 ) 32 (A B i
R A A AR R X 5 R
X HEAT T RIA, o FL AR IR (& AT T
ST . AW FEET Budyko MBS FLI (¥ BUBME 4 BT
Jiids, TRY IS L PR AR00 28 A o 2 o AT 7 45 2R BEAT
IGAIE, 45 SRR BRUBNE 20 75 1R A RO T A5

5

AHI T LA AR S5 O 9T X35, 55T Budyko
BRI, 43 D0 I FL X AR 4 B AR Ak aok R e S AR 4L
AR 2T AR (5% WA e AT 53 A, BF FE4s R T .

(1) FF /R BIBZ F 20 20 BN Rk, 3
T5A8 151991 48, Wb et BRI 208 F4E (1960
1990 4F) FIAAL (1991 2011 4F) , 55 JEuE Ik L,
AL IR S IRD T 56. 23 mm( 20 48%) .

(2) /K BRSO B 7K VBT Z8H0UR RN I
FRAIE S8 R R0 58 Q 6451, - Q 2347 i
— 182 2050, e, #/K T SRFE KM 1 mm K
SFR AL 0 6451 mm , V8 7E Z&BUK B I
1 mm F 5 BRI D 0 2347 mm, FIERFIE
SRR IN 1 5 BUR AR R > 182 2050 mm .

(3) FEHF TR B 1960— 2011 4E [A], #5/K 5 It 4k
TR AN P = R i DR 3R U 3 AR TR AAE 1 AR
b, HTTERZF ATIE 93. 46% , T S ARk B FEm A o5
557%
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