% 31 &5 5 H 7K PR 5T Vol.31, No.5
2024 4F 10 H Research of Soil and Water Conservation Oct., 2024

DOI:10.13869/j.cnki.rswe.2024.05.039.
0. RBEF . FFSHE. AT Budyko BEHL A IR VL AR AR IR I 28 AR I B LD K R BRAFRIFSE . 2024.31(5) :304-314.,
Li Shuai, Song Jinxi, Qi Guizeng. Analysis of Spatiotemporal Variation and Attribution of Evapotranspiration in Weihe River Basin Based on

Budyko Model[ J]. Research of Soil and Water Conservation,2024,31(5) :304-314.

T Budyko B H)BAREZH AR = ZTHERE S
é }l-hlZ ri" _'%:_1,2,3 ] y_]i%r]?

(LPGAC K2 SR SEREE 20, PE4E 710127; 2.BR ViR RS SR B AR %,
PO 710127; 3.79db R BIRTHF B, PI&E 710127)

o OE [ H e VAT I Bl 2 Bl A At B, 43 BT X IR R AR AR B e B L R TR X K BRI AR AR i s . [
)35 F Budyko HEHL, 45 & 0 — Fb A 4 45 45 .+ R 27 . GLEAM 258 80 & 38 B R 42 /K SO 4 2 5 45 U0 4%
W& IR s E R R M E T IS Budyko Z480 n 19 S 30 BE T, R B0 2 85000 o o 1T Al 45 2 35 A8 fb X 28 WU KR 1 5%
M, [£5 5 J(1) 1990—2020 4F 18 W i 45 5 PR A8 WK 52 90 0 3 3 R e 34 B AR B 3 1,98 mm/a, 25 [A] | 22 7R pg ] 1Y
LW . (2) BRI T RIS 2 2O KAEHSH 2 512X 0 NDVIA D i i | 2 4 A
GDP AH MR S . 76X 28 HOR B, B AR S 400 n BOUZEBUOR R BRI TEE S8 v, (3) BRI ZERUR Y
K R B HUR O TS o AR TS 2 3 NDVI SR EUK ., (4) 50078 5UE A8 LR B R /IMER R A K
T@ﬁﬁ%iﬂz /E%Eﬂ*ﬁﬁw;z L2530 101 5% I B2 PR T VT 3 28 A 22 O W 3 3 i e A0 A8 A X 12 b X 28 10k 1 A8 A ke
F E AR AR ZEE % 78 R 5 e Ok T

X 217 : Budyko # A 5 ZEHL s IH K 4 #r s 18 ) i 3

FE 4 %S K903 EEARIRAD : A X EHS:1005-3409(2024)05-0304-11

Analysis of Spatiotemporal Variation and Attribution of Evapotranspiration in
Weihe River Basin Based on Budyko Model

Li Shuai'”*, Song Jinxi"*?, Qi Guizeng'"*
(1.College of Urban and Environmental Sciences, Northwest University , Xi'an 710127,
China ; 2.Shaanxi Key Laboratory of Earth Surface System and Environment Carrying Capacity ,
Xi'an 710127, China ; 3.Institute o f Qinling Mountains » Northwest University » Xi'an 710127, China)

Abstract: [ Objective] The aim of this study is to quantitatively assess the evapotranspiration trends and
analyze its response to environmental changes in the Weihe River Basin, so as to be conducive to the study of
water resources change in this region. [ Methods] Based on the Budyko framework and combined with NDVT,
land use type, GLEAM evapotranspiration remote sensing data, meteorological and hydrological data and
social and economic data, the trend of each driving factor was analyzed, an empirical model of time-varying
Budyko parameter n was constructed, and the elastic coefficient method was adopted to quantitatively
evaluate the influence of each factor change on evapotranspiration. [ Results] (1) From 1990 to 2020, the
actual evtranspiration in the Weihe River Basin showed a significant growth trend, with the overall growth
rate of 1.98 mm/a, and the spatial trend was gradually decreasing from southeast to northwest. (2) The
hydrothermal parameter n of the underlying surface of the Weihe River Basin showed an increasing trend,

and parameter n had a high correlation with the NDVI, population, cultivated land area, grassland and GDP
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of the region. In the simulation of evapotranspiration, the results of the empirical model with time-varying

parameter n are better than those with constant parameter n. (3) Evapotranspiration in Weihe River Basin

was the most sensitive to precipitation, but not to underlying surface parameter n, which was most sensitive

to NDVI. (4) Precipitation contributed the most to evapotranspiration, followed by underlying surface

factors, and potential evapotranspiration contributed the least. [ Conclusion] Evapotranspiration in the Weihe

River Basin showed a significant increase trend during the study period, and climate change played a leading

role in the change of evapotranspiration in this region, but the influence of human activities on

evapotranspiration became more and more obvious.
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Fig. 1 Location of the study watershed and

hydrographic stations
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Fig. 2 The spatial trends of evapotranspiration distribution in Weihe River Basin
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Fig. 3 The parameter n of Weihe River Basin
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Fig. 4 Comparison of the simulated actual evapotranspiration with time-varying parameter n and
constant parameter n to the multi-year moving average evapotranspiration
3 HMESHn EEMEESH n BELREHZEML R
Table 3 Comparison of evapotranspiration simulation effect between time-varying
parameter n model and constant parameter n model
e AR n 25 56 A T AR HDUKG JiE 1H € n BEAUKS BE
Y
NSE RMSE MAE R* NSE RMSE MAE R*
S 0.985 3.955 3.048 0.989 0.927 8.752 7.628 0.982
skF I 0.987 5.110 4.223 0.989 0.928 12.024 9.926 0.987
PRFE AT 0.977 5.103 4.394 0.979 0.929 8.980 6.826 0.955
Ja FH 0.959 8.971 7.106 0.963 0.915 12.909 10.555 0.958
1B 0.958 6.666 5.780 0.960 0.898 10.384 8.183 0.959
34 ETHRBHEZMSHE n WERESHT N7 B2 2 C5) SR 153 45 Wi 5l 2 80 n 19 90 M R 2L

FET AW 1990—2020 4E Z AR B K R0 GERFE S P, MRS ATHL S8 0 XA
WRTER R MWK o B, 3T 55 52 PR 28 5k X 45 22 R U R B 3k 2,73, 3% F W F LA O 48
Rtk BB AR INE 4 fiom, WE A PITLIAEL, 1%, B8 n Shasin 2.73% . Ui W A 0 % T 2 0m 3F
S PR AR T A BRI R O IEE L B s oK. HOIR, n X NDVT 5 h #osk, 5k
R K B SRR R B R L TE 0.66~0.79 Z[A], X B FEFIR 0.84~1.74, S50 n KA R B M
R K B 3E N 1960, SEBRZE R S350 0.66 %6 ~0.79 % , LV A 388 AT U /0 o T 3R SEPE R B0 Sk —0.48
TE A W3 Hh L 52 B 28 150 XoF B K RN T 7 2 IR 1Y) SRR —0.30, BLAM.SH n K% GDP BRI L {H X H ALK
P A 6 T BT S B0 b R BN B TR FRBER /N 3 X — &5 SR 19 I R AT B 2 7R AF 5 B B
AR ER AL W AR, HEZF K PITE  AE S R B AR B B K L N O R AP,
NG DRI B A T T S 3 1 S PR 2 I R I X R KRN X RS 0 — 25 Ak, BT LAA T T iR Bl AR (D 7 (1)
I 25 3R Bl R 2R AT T LA ik — 25 % il e e ot R AR B IR L 33k X T R T S 4L

KT HE— RIS 0 X R B X PR T —RE BRI
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R4 BEFEY ET,P,ET,fA n &, % ET,P,ET,# n B S8 R 2]
Table 4 The average value of ET, P, ET, and the value of n, and the elasticity coefficients of ET to the P, ET, and n

IR 3L v

ET P ET, n €p €ETo €y
Rk 506.42 531.12 700.81 4.86 0.79 0.21 0.10
LAl 485.66 512.92 703.70 4,25 0.79 0.21 0.12
MRE R 472.44 512.48 713.58 3.43 0.76 0.24 0.16
J&% BH 554.63 611.26 709.31 4.34 0.66 0.34 0.15
(=R=% 518.38 564.93 710.57 3.95 0.71 0.29 0.15

x5 ERESHEn NEIEFHEERE
Table 5 The elastic coefficient of each basin parameter

n to the driving factors

K 3
KK I
MER
JFH
EH —0.48 —0.30
SRy TR R A ) R 2 A ) R A B 4% I B R AR A
THoL HEH W LA A58k 6., MR 6 nl A, &£

€ NDVImean €Gpp € pop

1.74
0.84

€ LUgrass

0.15
2.14
2.73

I 22 A1 149 S B 2 T R 7K X WS T A
BICR AR AN W) A IR 2 8 7 2% B A T A Fh v 4 O
SERE AR AR AR JL A 4F 59 ) A2 AR /) 1 WTE
I R B R E . RSB S8 n i T 2 i
B RSK R S S B e BRI X R
O TOR E J HR TE A T RO S R AR, U
BH L EL 7K St s ) ) I Jml 3 K R R 7 28 TR R R R
BOBA BT A SirE R B AR/ BT A B
HERTIRT R I o R SRR U SR R S R S Y
{ELI Sk 0] WS A7 22 5

K6 IMEBARTHEEITTHEERHNTN

Table 6 The changes of factors and elastic coefficients in actual evapotranspiration mutation period

IK Sk GEARAE AET AP AET, An Aep Ae pro Ae,

3k 1999 58.47 51.75 1.51 1.61 0.00 0.00 —0.04
A 2000 66.10 60.26 —0.41 1.44 0.00 0.00 —0.04
MF 2002 60.78 65.13 —1.58 0.69 —0.04 0.04 —0.02
Jal P 2002 89.64 114.37 —1.13 1.11 —0.15 0.15 —0.01
e 2002 63.71 78.44 —2.54 0.63 —0.08 0.08 0.00

3.5 LEREMEPESN

HERTIRIRE Rt =3 DO 7Fr - 0 f e Dy
RTPIR . B BT BRI 28 BUR 8952 0 fie ok, H
U= T IS8 0 ABTEZE WO ST R e/ . 7RI
SRR E I I K X A L I STl A ) 4 3 Y 5 i
K, TTHRFR R 5 81,5000, HAR T B ARILE] T 652
DL PR S Rk 5 L 7K Sk 42 i U A R AR T 24
AT R AR, Wik 1/3 Ze 7, o NDVT A 32 i 3

SR L B TTRR R R Ik 33,92 %0, X EE R MK
TLIBAE B 3% AL 15 B 0, 28 R R K 25 R,
N FXFSEBR 28 HUR 1 5T Bk 26 R ik 22,69 %60 Lh b R
J& GDP X 3t 3 9 57 R 28 38 19,13, 3 U W U 8 N 41
ST K, N TR K B T e R
(R AN SB = ) @ i1 B/ A8 LR R A T Sy
HRCRAT A 17.11%,2.22 % 1 03X — 25 R 19 32 2
PRI 32 i X IR B bR (B TR G,

x7 BEHEENHFHLORHKE

Table 7 Contribution rate of each driving factor to evapotranspiration

IK SC P ET, n NDVI,, cn GDP pop agr LU s
Rk 65.71 0.37 33.92 33.92

Al 67.37 —0.09 32.71 13.58 19.13

MERF 74.80 —0.42 25.62 25.62

Ji FH 77.65 —0.34 22.69 22.69

e 81.50 —0.83 19.33 2.22 17.11

Sk T A A A R A A R ZE R AR b R
R R BR RUBE [ (28 0k AR A EAT T IH R A By, Sk
T2V B8 3] (4 1992—2018 4F S M5 A8 AL F1 N 0%
BB RN L AR W B, DL 1992 4F S uE, 2 R
B — A AR A 5 30 55 AR S0 PR 2R R AR A A A
e 1 3 BT 7 N S/ R W 7V o | NS SR T PO
B 1 52 M B AN [5) o (F A I, 76 T 3 52 ) T S B
ZEEUCR AR AAER N, AR R BEAR LR 2000 4F 2Z Al

YA fi SR ZE IR D0 B IR 42, E S T B S A I Ji)
AR A& A R B IE 1] BTHK . N ST B0k A ] O S
J TR AR S A TR S HG R I 2l X b 3% T 0 ek
RIS T 0 8 14 2 1l & 19 I 1) BTRR— BLAL T 22 18 1 )
A A B 5 BB B I A . AR NS B
SRR AR B AL AR UG 2N TR A AR BT B (H LB
Bk IE R4 5 R AR B =, iR
I SR SR A TR P R A5 B AR DBOR BB 2
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Fig. 5 Actual evapotranspiration changes due to

climate change and human activities
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