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Fig. 1 Research idea of runoff influencing factors based on VAR model multi-scale
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Fig. 2 Characteristics of interannual and chronological changes of runoff in the Weihe River basin from 1961to 2015
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Fig. 3 Intra-annual variation process of runoff in the Weihe River basin
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Tab. 1 Smoothness test results of meteorological data, NDVI and runoff

in the Weihe River basin
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R R -3.761 0.020 —3.421 (C,T,12)
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Tab. 2 Contribution of each influencing factor to runoff
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Fig. 4 Relative contribution of influences to runoff in the Weihe River basin
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Fig. 5 Influence and contribution of factors to runoff at multiple time scales in the Weihe River basin

(B VR R0, TR RN 4245 2 S R AR 3 51
FR PR32 A AR RLRE s [ 1RT 5(b) ], Bk A TR (B
Bk 50.75 %) . A4F (FTHRR 49.04 %) RUE L X%
LR 5 i e K, SR AR AR A Y 4R, SR 5T
k% (6.31 %) fie/N o FEAERUE B K FHER ST . NDVI
52 SR By 5Tk 3R 5 0 18.45 %. 13.60 %.
12.61 %, 3 A~ FAE TR 09 ok A 5 o Lu Al . 7F
I AR AR A Y =452 -S4 NDVI IR BH 48
5F, TTERRYIA 30% LA 1. BTRREREE K E/ MK K
i NDVI > K% 5 > ok > 28 S > [l it
Ll A4 AR5 R A s kR B, & IR TRBIRE 7K
1) BT R B A I JEE Uik 55, NDVI % 22 Y7 1) 52 i B &

*28 KERFZHAA

A, SR TTRRAE AR — e R e
4 i

T T I A S G DX 55 5 il XN AR
SV R AR TP R X, LAk, JT R T —
KA TR 5K R R S A3 3h, Al
WAL 5 A A5 = A2 T R R, DT EL 1 i ]
LML T AR AR, I HAE SR AR B XU A
BRI AR T R MR A
S ETE IR T O TR IE, AL 2
T AR T 2RI 2R, AR H 03 AR B A2 i
2 T8) 12 TE AR DG =GR O HAR AR, AR R Bk A



REH, %

B S EREERE A EREZERF

R X428 A 18 5% W) 1 7 AH 56 HE A, NDVI X A2 37 19
TR PT e A AE A LRI B, OF AR 5 R 4 %
B2 ) HA — R W SRR R R AR
TELA R VR A RGN, i 1 e 2 A R R R
W K B 5 A 4 e /D b AR I, o R K B
P ATESTC ) & O B TR (73 AR 7 S S = M 1}
WAL T HA —E RKRE 1 02 1 H X, A % K
SR FE o, 242w T s R K e
T A TR B3 A ARG A0 /0N , JH 2 i) o B RS B AR A1,
HE B 5 1S Y 28 10 38 ™, NDVI %42 3 19 B
5 8 . NDVI 2= E TP BESE mi 28 i A8 1k 1) 32 4%
T, X5 EHER AT R T 45 R —2
I, NDVI X AR5 0 52 i i A i i — 2D IR 5Y
¥ HI GIMMS NDVI #4573 1 1982—2015 4FE1E T it
B NDVI 224k, 245 AT R TR 3 At ] ]
R B EERIE I, WK 6, 1999 4ELLE, Mt
IR B A MR ISR A S, A Ak TR R A,
NDVI 4E 8 K i Ry 2.38x10 7', I3 i3 T 0=0.01
B KOF ) B ARG . NDVI 38 K AR TR R 31
FEEE N 3, AR AL R IK 4.12%107a !, AR TR 84 A0
B AT XF - FEh 1.49x107%a ", ok L 1985 4F |
1995 4, 2005 4F- il 2015 4F- 4 4~ HLALAE{)y JF5E
AEY) NDVI 723 [A1 2846 (&1 7), 1985—1995 4 TH V]
Pl NDVI B s 8] 38 51 NDVI A4k i AS B &, 4% s
A6 B OMRR R PTG, B A K R B
FEEKR TR A SR A SIE ™ 1999
AE IR I PRI R B St AR R A DA R TR 5

FIEE, £k NDVI ARG AR A L, JUH &
FEL 4 78 5 % T AR R R B 2015 4F B 43 Hh [X
NDVI #J7£ 0.3 UL I+,

0.48 -
1999 4
0.46 - Slope=1.51x10"a"!
. 0.44 AT
z 042 | 747 Y Z
== Slope=2.38x107a"!
040 Slope:l.53><10’3 a’!
0.38 s ! . . . . )
' 1985 1990 1995 2000 2005 2010 2015
AR
(a) &4F
0.60 -
1999 4F
0.58
Slope=1.52x1073a"!
= 0.56
a

N

o

n

B
T

L# Slope=4.12x103a!

“Slope=1.04x10" 2"

0.50 1 1 1 1 1 J
1985 1990 1995 2000 2005 2010 2015
Ay
(b) #IH
0.39 -
1999 4f
0.37
Slope=1.49x1073a"!

= 0.35
a

Slope=1.76x107a"!
Slope=1.69%107 a™!

1 1 1 1 1 1 J
1985 1990 1995 2000 2005 2010 2015
0y
() BT
6 BRI 1982—2015 £ NDVI AR ZE (L4HE
Fig. 6 Characteristics of temporal changes of NDVI
in the Weihe River basin from 1982 to 2015

N

A 2 A

B, A

(c) 2005 4F
NDVI [

(d) 2015 4E

02 03 04 05 06 0.7

&7 BAREAEFS NDVI ZE S
Fig. 7 Spatial distribution of NDVI in different years in the Weihe River basin

KRN AR AL B A R A E A A 2
H TP 5E: sk A 5 F ] Budyko 7K #l5

-t PSR K P A E PR RS AL A
T SR L Y TR BREESE™ JE T SWAT #

KK FZHANA 29



£22% B 18 #AARE S AKA RS CEESO

2024 4 2 A

TR T AR AR AU B A BT RS TR, 5% bb T AN R 3K B
2T AR AR Ah Y 22 S AR AE o AT B 9 K
2 98 ISR AL N0 Bl A AR B R X 4 s
M 28 i 1 o KRR B, LA R 4 SR AN R AR R . AR
PR TE T, SR A AR A RN S35 Bl S 2L
Rit— 45y, WK KFRAEST, AR, 2SR,
Ui . NDVI 24 A 3k %5 802 0 28 16 19 5% i
TEAAE VI AR U ROBE R X i AR fb Y BT
R I8 Fe /0N, T A BH 4 S By XoF A28 i 53 e 2 K 7y R
R, FEARRWI A 5Tk R 5 NDVI AL, 15 30% £ 4 .
KRG 2 HEBEN TS %2008 . SEhRERUL
WIEZETOR . MY AR SRS 5800 Yo
FRCE2L i A F 5 2 WA K B 6 6 6 AR AR 1k
M MAFE T2 5 . ASCEET VAR BAIHESY
R, AE XTI, AR TR PH R S X A2 A2 A 5
M B S, VP X A2 30 B Dk SRR 14%, T e E TR
W TTRR LS 30% DL b, SEFSTEE AL

X Y Y 9L 3 22 R A% it i il PR R B A T 0F 5 B
PEMU T NDVI RAE FHRRZE R, By 195 55 5 D
HMNEAT Y R FLA R v m SRR, oK R R TR
BUK K, AR R AR A6 458 N 2808 S0 AR I 15 e,
HA— W R IR, A5 M08 % 8 i i &2
e, 20 S8 T AR X AR I R S

5 48

T 1961—2015 4F I8 T 37t 3ok 52 D0 448 3 25040 D
AR AR AR T L RV A B R R SR 4B
T AT AR I B AR AR AL, R SRR A 2635 B
SO N A= RIS Rl -2 S T e
HE— A FE VAR REAY, 5355 4% 5% i) PR 28 6 T VT 3
AR AL TR B, EBURR RE AR mA 3
BEHETFAAEHR2ZES . BRI

1961—2015 4B L 447 VU JE TN Y
RIS T B, TREE 5514 0.76. 0.44,
031 mm/(10a), UG E 5 R 65.5 %, 544F
i ek Hm B AL . AR AR |, 1970—
1979 4% 5 1990—1999 4F & A I & 1y /D e #, A
(AT T A2 T 1) 285 F30 R BB A 7E 25 5%, 2000—2009 4
B

T VAR R b 5 25 53 i 7 13 o B AR RO I
AT e B8] 45 S IR F NDVI 428 3 A9 5 i ik
&, FEAE RUBE L, Bl ) A5 Ak 45 52 i P 5 A2 i 34
IR FRRE RAS I, 428 300 A8 A i 5 ) PR 28 AR K R 32

*30 KEBRFZHAA

K B 48 5 A NDVI %, X342 30 ELAA A [ R 3 1 s
Je FE M

TSR W A2 AR AR 1 =4 I 0 K, BTk e
JEEHRUR A R Ak > 28 SR> K B4R S >ND VISl
TR B 4 R 72 NDVI UK BH AR5, Bk i 51
R R B R R D557, 4% 5 T D] 3R 11803 I 3, % A
CIGEET

S 3

(1] BEEF0, 22, HOKTE, 25, 55T BudykofBis A e
T SR AR AR A IR B A3 (0D R K AR 3 S K AR
e (PH0), 2023, 21(3): 480-490. DOL: 10.13476/j.
cnki.nsbdqgk.2023.0048.

[2] GAN G, LIU Y, SUN G. Understanding interactions
among climate, water, and vegetation with the Budyko
framework [J]. Earth-Science Reviews, 2021, 212:
103451-103463.DOI:10.1016/j.earscirev.2020.103451.

(3] Xzl BT 207 i B AR B FIE K CRRER
A5 5L W (D). HSHR: Tk T/ K%, 2021. DOL:
10.27104/d.cnki.ghbjy.2021.000573.

(4] PEZRFE, Brst, Hi, 55. 2000—201 94 F ] it A
PR 5 132 I 23 T AR R e A Agemal iz (0. K - (R4 BF
5%, 2021, 28(5): 230-237. DOI: 10.13869/j.cnki.rswe.
2021.05.026.

[5] LIH, SHIC, ZHANG Y, et al. Using the Budyko hy-
pothesis for detecting and attributing changes in runoff
to climate and vegetation change in the soft sandstone
area of the middle Yellow River basin, China[J]. Sci
Total Environ, 2020, 703: 135588-135599. DOI: 10.
1016/j.scitotenv.2019.135588.

(61 XIS, Jelt, AR, 45, JH el b3 e Aefe &
FExb AR TR S L] 7K B8 IR -5 0K T RE 2441, 2020,
31(6): 1-8. DOIL: 10.11705/j.issn.1672-643X.2020.06.
0l.

(7] XUEES. A2 LA Sl T I A 3 A )
S I]. PEAE K L, 2019(3): 7-11. DOL: 10.3969/j.
issn.1006-2610.2019.03.002.

(8] 222, BN, 5K, 45, BT VARKEL 18 418
AR ER SRR 1] KBRS K T
i, 2020, 31(5): 80-86. DOI: 10.11705/j.issn.1672-
643X.2020.05.12.

(9] BXiH, B2, EilG, 45, JE T VARBAI S HT AR AT
JRRIK A O 5 4 it 05 e Rz (00, 98 v B 5T, 2017,
42(4): 37-44. DOL: 10.16239/j.cnki.0468-155x.2017.


https://doi.org/10.13476/j.cnki.nsbdqk.2023.0048
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0048
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0048
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0048
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0048
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0048
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0048
https://doi.org/10.1016/j.earscirev.2020.103451
https://doi.org/10.1016/j.earscirev.2020.103451
https://doi.org/10.27104/d.cnki.ghbjy.2021.000573
https://doi.org/10.13869/j.cnki.rswc.2021.05.026
https://doi.org/10.13869/j.cnki.rswc.2021.05.026
https://doi.org/10.13869/j.cnki.rswc.2021.05.026
https://doi.org/10.13869/j.cnki.rswc.2021.05.026
https://doi.org/10.1016/j.scitotenv.2019.135588
https://doi.org/10.1016/j.scitotenv.2019.135588
https://doi.org/10.1016/j.scitotenv.2019.135588
https://doi.org/10.1016/j.scitotenv.2019.135588
https://doi.org/10.11705/j.issn.1672-643X.2020.06.01
https://doi.org/10.11705/j.issn.1672-643X.2020.06.01
https://doi.org/10.11705/j.issn.1672-643X.2020.06.01
https://doi.org/10.3969/j.issn.1006-2610.2019.03.002
https://doi.org/10.3969/j.issn.1006-2610.2019.03.002
https://doi.org/10.3969/j.issn.1006-2610.2019.03.002
https://doi.org/10.11705/j.issn.1672-643X.2020.05.12
https://doi.org/10.11705/j.issn.1672-643X.2020.05.12
https://doi.org/10.11705/j.issn.1672-643X.2020.05.12
https://doi.org/10.11705/j.issn.1672-643X.2020.05.12
https://doi.org/10.16239/j.cnki.0468-155x.2017.04.006
https://doi.org/10.16239/j.cnki.0468-155x.2017.04.006

REF, % BARBSIHEAREEREMFEREZERF

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

04.006.

N, BT, GRS TE K SO BT
i B 734 L] K B ARFFDFIE, 2023, 30(1): 91-
96, 105. DOI: 10.13869/j.cnki.rswc.20220620.010.
PAPAGIANNOPOULOU C, MIRALLES D G, DE-
CUBBER S, et al. A non-linear Granger-causality
framework to investigate climate-vegetation dyna-
mics[J]. Geoscientific Model Development, 2017,
10(5): 1945-1960. DOIL: 10.5194/gmd-10-1945-2017.
BIAL, AL, I8, 5. SRR Y R i
AR AR R AR A B T o0 Hr L] 22 R
FEAR (HARFEERR), 2019, 55(4): 520-524, 532.
DOI: 10.13885/j.issn.0455-2059.2019.04.015.
ZHANG Y, CHIEW F H S, LI M, et al. Predicting
runoff signatures using regression and hydrological
modeling approaches[J]. Water Resources Research,
2018, 54(10): 7859-7878. DOIL: 10.1029/2018 WR02
3325.

EKWUEME B N, AGUNWAMBA J C. Modeling
the influence of meteorological variables on runoff in
a tropical watershed[J]. Civil Engineering Journal,
2020, 6(12): 2344-2351. DOL: 10.28991/cej-2020-
03091621.

WD I, BE TR 2537 22 BUBC I 2 R I HER
505 5], BT AR, 2022(3): 18-21. DOL: 10.
16786/j.cnki.1671-8887.cem.2022.03.005.

TRAAM, B, 13011, 3£F VMD-EEMD-CNN-
LSTMIE & 154 B i) A2 3 i (0] K H AL 5 i
11, 2023(7): 57-63. DOI: 10.3969/j. issn.1672-2469.
2023.07.015.

TRAEMS, XISCR, PIF 5, A5 HE TR A Budykoti
T TE S PPAG S VLR SRR S AT S %) =1
PEAR IR BRI (7). A2 4527 1), 2020, 40(23): 8783-
8793. DOI: 10.5846/stxb202002290372.

HE, PR T, FARAE, S J0)1IRREE K S5 ND-
VI AR AE B A2 U A 2w (0], 5 XCHESE,
2018, 35(2): 287-295. DOI: 10.13866lj.azr.2018.02.
0s.

LI Q, WEI X, ZHANG M, et al. The cumulative ef-
fects of forest disturbance and climate variability on
streamflow components in a large forest-dominated
watershed [J]. Journal of Hydrology, 2018, 557: 448-
459. DOL: 10.1016/j.jhydrol.2017.12.056.

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

WEI X, ZHANG M. Quantitying streamflow change
caused by forest disturbance at a large spatial scale:
A single watershed study[J]. Water Resources Re-
search, 2010, 46(12): W12525-W12539. DOI: 10.
1029/2010WR009250.

GUOYI Z, XIAOHUA W, XIUZHI C, et al. Global
pattern for the effect of climate and land cover on
water yield[J]. Nature Communications, 2015, 6(1):
5918-5926. DOI: 10.1038/ncomms6918.

BAI M, MO X, LIU S, et al. Contributions of cli-
mate change and vegetation greening to evapotran-
spiration trend in a typical hilly-gully basin on the
Loess Plateau, Chinal[J]. Sci Total Environ, 2019,
657:325-339. DOI: 10.1016/j.scitotenv.2018.11.360.
HRAR, XUE, &/NT, S e L X AR 2 R
AR LA R PR RIS L. K BRI S K TR
), 2023, 34(2): 59-70. DOI: 10.11705/j.issn.1672-
643X.2023.02.08.

AR v B SR St A B A5 SR S XA
T Y RS (D] iU#ER: iR R, 2017.
TET 22 5 8 b Ik R 2R A A LR R [T,
K LR, 1999(12): 19-21,48. DOL: 10.14123/
j-cnki-swcc.1999.12.007.

SR, XA, R, 4F. BT BudykofR i 197H
AR AR AR IA PR (0] A= 28241z, 2018, 38(21):
7607-7617. DOL: 10.5846/stxb201710121828.

WREE, XIHEm, JHETY, 5. e T SWATEIAIXT S 5 ds
55 N2 s T AR i AL A A o Hr (0], 1
K A6 5 7K R BF, 2019, 17(4): 9-18. DOL: 10.
13476/j.cnki.nsbdqk.2019.0079.

R, SCAE, XA, 45 R PR S FIK P 22 % i)
PR IX e RN T G B A2 BT (0] AR,
2018,37(3):614-625.DOI: 10.7522/j.issn.1000-0534.
2017.00063.

YETEMEN O, ISTANBULLUOGLU E, FLORES-
CERVANTES J H, et al. Ecohydrologic role of solar
radiation on landscape evolution[J]. Water Re-
sources Research, 2015, 51(2): 1127-1157. DOI: 10.
1002/2014WR016169.

kAR, B R, 2500, S5 L DR B4R S0 /K Ao
T 5 0 B OB 23 BT L] VK11 VR 2, 2012, 34(3):
650-659. DOI: 10.7522/j.issn.1000-0240.2012.0081.

KE®FZHAA 3]


https://doi.org/10.16239/j.cnki.0468-155x.2017.04.006
https://doi.org/10.13869/j.cnki.rswc.20220620.010
https://doi.org/10.13869/j.cnki.rswc.20220620.010
https://doi.org/10.5194/gmd-10-1945-2017
https://doi.org/10.5194/gmd-10-1945-2017
https://doi.org/10.13885/j.issn.0455-2059.2019.04.015
https://doi.org/10.13885/j.issn.0455-2059.2019.04.015
https://doi.org/10.13885/j.issn.0455-2059.2019.04.015
https://doi.org/10.13885/j.issn.0455-2059.2019.04.015
https://doi.org/10.13885/j.issn.0455-2059.2019.04.015
https://doi.org/10.13885/j.issn.0455-2059.2019.04.015
https://doi.org/10.13885/j.issn.0455-2059.2019.04.015
https://doi.org/10.1029/2018WR023325
https://doi.org/10.1029/2018WR023325
https://doi.org/10.1029/2018WR023325
https://doi.org/10.28991/cej-2020-03091621
https://doi.org/10.28991/cej-2020-03091621
https://doi.org/10.28991/cej-2020-03091621
https://doi.org/10.16786/j.cnki.1671-8887.eem.2022.03.005
https://doi.org/10.16786/j.cnki.1671-8887.eem.2022.03.005
https://doi.org/10.16786/j.cnki.1671-8887.eem.2022.03.005
https://doi.org/10.3969/j. issn.1672-2469.2023.07.015
https://doi.org/10.3969/j. issn.1672-2469.2023.07.015
https://doi.org/10.3969/j. issn.1672-2469.2023.07.015
https://doi.org/10.3969/j. issn.1672-2469.2023.07.015
https://doi.org/10.5846/stxb202002290372
https://doi.org/10.5846/stxb202002290372
https://doi.org/10.13866lj.azr.2018.02.05
https://doi.org/10.13866lj.azr.2018.02.05
https://doi.org/10.13866lj.azr.2018.02.05
https://doi.org/10.1016/j.jhydrol.2017.12.056
https://doi.org/10.1016/j.jhydrol.2017.12.056
https://doi.org/10.1029/2010WR009250
https://doi.org/10.1029/2010WR009250
https://doi.org/10.1029/2010WR009250
https://doi.org/10.1029/2010WR009250
https://doi.org/10.1029/2010WR009250
https://doi.org/10.1038/ncomms6918
https://doi.org/10.1038/ncomms6918
https://doi.org/10.1016/j.scitotenv.2018.11.360
https://doi.org/10.1016/j.scitotenv.2018.11.360
https://doi.org/10.11705/j.issn.1672-643X.2023.02.08
https://doi.org/10.11705/j.issn.1672-643X.2023.02.08
https://doi.org/10.11705/j.issn.1672-643X.2023.02.08
https://doi.org/10.11705/j.issn.1672-643X.2023.02.08
https://doi.org/10.14123/j.cnki-swcc.1999.12.007
https://doi.org/10.14123/j.cnki-swcc.1999.12.007
https://doi.org/10.14123/j.cnki-swcc.1999.12.007
https://doi.org/10.5846/stxb201710121828
https://doi.org/10.5846/stxb201710121828
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.13476/j.cnki.nsbdqk.2019.0079
https://doi.org/10.7522/j.issn.1000-0534.2017.00063
https://doi.org/10.7522/j.issn.1000-0534.2017.00063
https://doi.org/10.7522/j.issn.1000-0534.2017.00063
https://doi.org/10.1002/2014WR016169
https://doi.org/10.1002/2014WR016169
https://doi.org/10.1002/2014WR016169
https://doi.org/10.1002/2014WR016169
https://doi.org/10.1002/2014WR016169
https://doi.org/10.7522/j.issn.1000-0240.2012.0081
https://doi.org/10.7522/j.issn.1000-0240.2012.0081

F2% F 14 BAESARBEFE) 2024 52 A

Multi-time scale characteristics and dominant control factors of runoff
in the Weihe River basin

ZHAO Wenjie'*, JU Qin"’, CAI Huiyi’, TANG Zhiyang"?, SHI Qishu'?, WANG Rouxi"?, LI Sirui"’
( 1. The National Key Laboratory of Water Disaster Prevention, Hohai University, Nanjing 210098, China; 2. National Cooperative Innovation
Center for Water Safety & Hydro Science, Nanjing 210098, China; 3. Fuzhou Planning & Design Research
Insitute Group Co., Ltd, Fuzhou 350108, China )

Abstract: Runoff is an important part of the hydrological cycle and can respond to environmental changes. The
Weihe River is the first-class tributary of the Yellow River basin and is also the most important water resource
supply area, agricultural irrigation, and industrial water use in Guanzhong. Due to natural reasons such as large
topographic relief, loose and porous soil, uneven distribution of precipitation within the year, and the intensification
of human activities, the basin is characterized by frequent alternating water and drought disasters, serious soil
erosion, and is a resource-type water-scarce area. In recent years, with climate change and the intensification of
human activities, the ecological environment of the Weihe River basin has become more fragile, and the
hydrological situation has also changed to different degrees. Therefore, analyzing the change characteristics of
runoff in the Weihe River basin on multiple time scales and its influencing factors can help to understand the change
rules of the hydrological situation of the basin and water resources planning and management.

Based on the measured runoff data from 1961 to 2015 at Xianyang Hydrological Station in the Weihe River
basin, a linear regression method was used to analyze the trend of runoff on different time scales. Several
meteorological factors such as temperature, specific humidity, precipitation, solar radiation, wind speed, and
Normalized Difference Vegetation Index (NDVI) were selected. The factors were screened by the smoothness test
and Granger causality test. Vector Autoregression models are constructed to quantify the contribution of each
influential factor to the runoff changes, and the differences of the main controlling factors of the runoff changes
throughout the year, flood season, and non-flood season are explored.

The runoff showed a decreasing trend, with decreasing rates of 0.76, 0.44, and 0.31 mm/ ( 10 a ) respectively
during the whole year, flood season and non-flood season from 1961 to 2015 in the Weihe River basin. Flood season
runoff accounted for 65.5 % of the total runoff, which was highly similar to the trend of the whole-year runoff. On
the time scale, the runoff decreased significantly in the 1970s and 1990s. There were differences in the degree of
runoff dispersion in different eras, with greater intra-annual dispersion of runoff in the 1970s and 1980s, and a more
concentrated distribution of runoff from 2000to 2009. The variance decomposition based on the vector
autoregression model is used to analyze the effects of different lag times of meteorological elements and NDVI on
runoff. On the annual scale, the influences of runoff changes were dominated by precipitation and supplemented by
solar radiation and NDVI when the influences of the elements and runoff reached a steady state over time, with a
contribution of 49.04 % for precipitation and 18.45 % and 13.60 % for solar radiation and NDVI respectively. The
contribution rate of precipitation to runoff is 49.04 %, and the contribution rates of solar radiation and NDVI are
18.45 % and 13.60 % respectively, and the influence of each factor on runoff has different degrees of lag. The
distribution of contributing factors to the runoff changes in the flood season and the annual scale were similar.
During the flood season, precipitation was the main controlling factor for runoff changes, and the contribution of
each factor was in the following order: precipitation> specific humidity> solar radiation> NDVI> temperature.
During the non-flood season, the main controlling factors were NDVI and solar radiation, with a contribution of
more than 30 %. The contribution of precipitation decreases significantly, the influence of NDVI on runoff increases
significantly, the contribution of temperature increases to some extent, and the lag effect of the influencing factors
becomes more obvious.

During the flood season and the non-flood season, the main controlling factors affecting the runoff changes are
different in the Weihe River basin. During the flood season, runoff changes are mainly influenced by precipitation,
while the influence of precipitation is significantly reduced during the non-flood season, and the main controlling
factors affecting runoff become NDVI and solar radiation.

Key words: runoff; vector autoregressive model; NDVI; dominant control factor; Weihe River basin
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