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Quantitative analysis of runoff driving factors in ecological construction areas of upper reaches of the Wei River
based on Budyko theory//KE Haocheng', MA Xiaoyan', MA Liguo®, LI Zhanbin®, SHI Peng’, LI Peng’( 1. College of
Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China; 2. School of Infrastructure
Engineering, Dalian University of Technology, Dalian 116024, China; 3. State Key Laboratory of Eco-Hydraulic in
Northwest Arid Region of China, Xi’ an 710048, China)

Abstract: Based on the measured data from 5 hydrological stations and 10 meteorological stations in the upper reaches of
the Wei River, this study analyzed the non-stationarity of hydrological series and the suitability of change-point detection
methods in the typical ecological construction areas of the Loess Plateau within the upper reaches of theWei River. Using 6
change-point detection methods, cross-wavelet analysis, Budyko theory, and other approaches, it explored the evolutionary
patterns of annual runoff and its influencing factors in the upper reaches of the Wei River from 1980 to 2018. The results
show that the annual runoff in the upper reaches of the Wei River presented an insignificant decreasing trend (p>0.05),
the precipitation series showed an insignificant increasing trend (p>0. 05), while the potential evapotranspiration and
temperature series exhibited significant increasing trends (p < 0. 05). Among them, the runoff series and potential
evapotranspiration series experienced a change point in 1993, and the precipitation series had a change point in 2012, with
10 a lag between the change point of precipitation and that of runoff. The most suitable change-point detection method for
long-series runoff changes at hydrological stations in the upper reaches of the Wei River is the moving T-test method. The
contribution rates of the underlying surface, annual precipitation, and potential evapotranspiration to the runoff in the upper
reaches of the Wei River were quantitatively analyzed, which were 64. 60% , 37. 87%, and —2.47%, respectively. The
driving factors of runoff in the upper reaches of the Wei River are the comprehensive impact of climate and human
activities. Changes in the underlying surface are the dominant factor affecting runoff changes in the upper reaches of the
Wei River, followed by annual precipitation and potential evapotranspiration.

Key words: runoff evolution; Budyko theory; mutation detection methods; quantitative analysis; upper reaches of the Wei
River
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Fig.2 Interannual variations of hydrological and meteorological elements in upper reaches of the Wei River

FIH PM A ZCFT Tho 28 2043 54 A 28 B
i, 19 BE i AR T 408 AR 2R EUR & Ak
882.59.750. 22 mm , HAEFRASALIE L ILE 2(b) . ¥
TEZEHUR B BT a3 (p<0.05) ,PM A5
FIVETEZE R L 2. 62 mm/a BY#AHY | TF, Tho
NIRRT ZEHUR L 5. 83 mm/a Y A
BT, PM A3 Hurst #5200 0. 860, Tho 243 R
0. 864, ¥R EZEHUR AR A B E
3.1.3 BT LE#HKAL AREFMEN

K FH Morlet 22 XU/ pRECA3 S X T i A 4F
TR A R AR B K IR AT /N D AR e, A5 F] 1980—
2018 AFTHT I A ARAR I i AT R K i BAE TR e 28
AR BRSNS 25 R 3 R,

& 3(a) AT AEAE 1~7a Fl 8~ 10a AYILYRE
W, ES5~6a MR L, BEKBAR RN G 30° A4

=R

TSN RO, K AR TRIEAR S L B35 mAE R IX
AR XA RLE R 70% . L PM AR 2R
BORIEDL, WL 3(b) (e) o P UL, TH 0] b il v e 7%
B FAR R AFAE SUAHOCHY 5~ 9 a SE4R R, (E T
Oy IR AE RE i HE M 28, S R IE AN B B, L Tho
AR EZR B OL, WL 3 (e) (£) o AT UL, {8
T_L P 2 O AR RATAE 3~5 a B0 2 IER
JEIIY VAR 25 BRSSO G A 2 2 (IR SRR AT
1E) o TR ERGRIAI AT, Al HITE <
G PRI AR RENE &5 AR

o

3.1.4 PM X Fe Tho 2 X 49 R A 2

Y F PM AU Tho A U TE I AN 5 14, BF
TR RBAAE— 2 R R, e 4
AT SR X OB E MR T 40T
BT R ER

ab =L

PM AL HE

P

(K1 H), HE3(d) AT5, 0 _ BRI R 18, LRE R 7 B A/K R BOBe ik dE , 18 T
&SN A R AL ' =
00.10.20.30.4050.60.70.80.91.0
0 5 EEEE a5 OE SR 01
s 4 e o 473
T £522222 E AT
8 S 8 ariag G
A 353 i e
12 G s : : 126 . :
1982 1988 1994 2000 2006 2012 2018 1982 1988 1994 2000 2006 2012 2018 1982 1988 1994 2000 2006 2012 2018
1 T ‘ i
(a) MK 3A i (b)) WFEZEHUR (PMA )~ 1R Tk (¢) WAEFEIR (Tho A )~ 2k T-1%
X NPRAD e B e——r]
0.1250.1505 1 2 4 8
0 2 0 «\i
: s
= 4 :"5); 5 :
ﬁ Zii;;
T
= 8 i

994 2000 2006 2012 2018
Ay
(d) FRK-1ZR

x
%
%

OO,

2
%
%
1

12
1982 1988

PN

A

b i

(e) WEZEHA
B bk 3L,

Fig.3 Cross wavelet transform of hydrological and meteorological elements in upper reaches of the Wei River

E3

1982 1988 1994 2000 2006 2012 2018

A0y 4y
PMAR) - feiily  (F) WTEAHUR (Tho A3 0)—~ 42 i g 5 1
SEEZXTINNKTHR

- 213 -



YEYI B A= BRFRIE RN 25 R 80 ) 2= S 800 A8 4k TR
By HL RISV 0, & H At AL HRS B e | R i
AR Z—"0 (M LT BERNSEEERZ, K
HB 0 b X ARMEFE AL SE B A TERE, Tho AR TR
TR F T R R PV AR ZE B B R XA
P EORAR, A R & — A TS 2 1
WEZEROR TR 7 MU A SE BRI A 7
FE RN BER T8 H IS Z5 R 1

CEA LR MRV AR 2 B R TR A, PM A
PR BUR AR PR AL A 4 (a) B, e/
AR ZE B A i B PR AE 1989 4F | 4 758. 209 mm , Fix K
TETEZE R B VPR AE 2016 4E, 9 973. 84 mm, Tho
AR (E 4 (a)) P /N TEZE B R & B BLTE
1984 4,24 603. 58 mm , e KW 7E 28 Bk 18t I AE
2018 4F, 2} 968. 53 mm, PM 23218 0y i 7r 25 ik
RAFPrEREMEE 2 (R®) /NT Tho fé\it B PM 2K

RS,

SAMTRIE R 2 (B 4(b) ), Tho 2 xUAYIR2E
AR HP sk ik, JU R TE 20 4D 80 4EAXAN
2000 F2Z )5 IR Z(HA BB 20% ;PM A 1R 2
WS XT /N, HRHB 43 B [ AR R 7 - 20% ~ 0 2
[, PR ZE AR /N H AR AE

HRFETER 1K SRR B R A BTl A
A Tho AT HE M IEAEZR BIUR SRR M AHDCHEAR 1B
L TERC I HE M2 N LT JC SR B 1 pM A2t
BTEZRTL SRIA 20% M E, 248 1T
BN R PM AR LI 4
3.2 ERERETUESRTHENETN

TEIAT L3 1980—2018 4F 4% 7K 3Ll 47 4% I 1 A8
eanil 5 s, 2% A iR i w2 B TR
#H(p<0.05), #HEA5HN4AE 10 a 0. 05 12,
0.0 fZm’, KM ZHEERE LIHEHE (p<

R PM/AI 4 PMAR
1100 -2~ ThoZy ¥=2.62-4356.29 0.57 v Tho/Azt
L 000k~ PM4 t@a MA R=0. 40 04 A - 222000
£ =~ Tho/2 fcf PElE, 03[ - B0
E 900 vvvv 0.2 AAAA*‘AA A " S
ol [ = Vvv gy Ve TTT0 A== T AR
§§ '—'v—\v \ / Z& E{ﬁ 0.1t i “AAAAA AA A‘ AAMA
B 800f WY Vs \ = N ah.a
éﬁf A A}\(J \k = vy v A
& 700+ /\ .5 < 0.1} v v vvV
s u‘g‘\il WY 5831092120 P S S A A0 A "2
= [ & - Yyy ¥
600 R2=059 03[ -
500 - s s . ~04 . : . .
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
A A
(a) IBTEZERURAERRE ML (b) WAEAEBORIREESIHT
E 4 PM.Tho AT AHE &S
Fig.4 Uncertainty analysis of AM,Tho formula
24 r 101
20r 0.8}
T 16 ¥=-0.14x +296.60 % R eadioct
r L[] >
g Lt R=0.15 e N o6} ** e RE054
] 3 ]
= 2 04t .
Nl Nl e * o
*
0.2 .‘0’ : N O
0 L L L ' 0 . . y ®
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
Ay Ay
(a) Jbifiuh (b) HAuk
6 14 251
5t 12+ -
Loy 7=005x49663 ok ;2 —_0011())7“138‘56 20l Y018 %-357.66
g "L, R=0.22 M £ gl = = & R=0.23
SINERE g 8pLt dsp ., :
[~ v v I . s a I . .
= 2f Vo iy Iy R 5 =2 10f . z ¢
Nl 1+ w v'"v v v, . =S NGl X8 ‘AA %, a & Aa A NG} st ® 5
ol v v ol 7 .o...
-1 ) i N ) -2 L L L i 0 ‘o‘.‘oo“. Y, i )
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
Ay Ay Ay
(c) Zvh (d) &l (e) KoKk
Es5 BULEF.IRERETWK

- 214 -

Fig.5 Changes in runoff volume in upper reaches of the Wei River
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Table 4 Attitudes of different land-use types in

upper reaches of the Wei River
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Fig. 6 Analysis of sudden changes in hydrological and meteorological elements in upper reaches of the Wei River
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