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Abstract; [Objective] With the intensified influence of climate change and human activities, the climate and
underlying surface conditions of the basins have changed. Accurately simulating the process of soil moisture
change and analyzing its influencing factors are of great significance for regional water resource management
and vegetation construction. [ Methods ] The Weihe River Basin in the Loess Plateau was taken as the research
object. Based on the ABCD hydrological model, the EFAST method was used to analyze the parameter
sensitivity of the model, and the constant parameter and time-varying parameter models were constructed.

The runoff depth and soil water storage simulation accuracy of different parameter models were compared.
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The effects of climate change and vegetation restoration on soil water storage changes in the Weihe River
Basin were discussed, and the dominant factors of soil water storage changes were clarified. [ Results] The
proportional parameter of soil water layer recharge groundwater ¢ was the most sensitive, followed by the
groundwater storage coefficient d , the upper limit parameter b of the sum of actual evapotranspiration and
soil water storage, and the tendency parameter a of runoff that before the soil is completely saturated was the
least sensitive. Compared with the ABCD constant parameter model, the time-varying parameter model
increased the values of NSE, KGE, and R? of the runoff depth simulation results by 19%, 10%, and 19%,
respectively, and the NSE, KGE, and R? of the verification period increased by 7%, 7%, and 9%,
respectively. The time-varying parameter model significantly improved the runoff depth simulation results.
The srtongest correlation between soil water storage in the Weihe river basin and ERAS-LLand 1— 100 cm soil
layer based on time-varying parameter model simulation, and the change process of the two agreed well. The
degree of different influencing factors on the change of soil water storage in the Weihe River Basin from
strong to weak was potential evapotranspiration_> precipitation=>NDVI. [ Conclusion] The research results
provide a scientific basis for water resources planning and management and vegetation construction in this
area and they also provide references for soil water storage research in other similar areas.

Keywords: Weihe River Basin; ABCD hydrological model; time-varying parameters; soil water storage;

influencing factors
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Fig. 1  Geographical location of the Weihe River Basin

1.2 HR¥E

o T B 500 B 4 X G B K SR A NDVT %8
B 0 S K o3 B H L B R K B O 19822015
A, BB B R 17 ARG R K
TR U R AR P R A X R L R
S0 3 A X ] RUBE D HORUBE S ROl R IR T I K
KGR BRI 255 5 Chep: //data.cma.en/)

KABE EMRE X R SHE B Penman —
Monteith A AW AE R BOR &, FIH R KR L LB
VTS WU T B K B AR 2R R 5 K
SCECHE W AR B 48 BLK SO H -3 3 B Sk TR T
(A N TR M 0 ] 7K S A S T A K S R ) 5 A B
LR & AVHRR GIMMS NDVI 3g %4, 25
6] 23983 R 0.083°X0.083°, i 6] 43 B Ry 15 K, $ ¥
SRR T 3¢ H [ FK i 25 Al K 7 (https: // ecocast. arc. nasa.
gov/data/pub/gimms/3g.v1/) ; 5K FH ) 1 HE K 73 i 2
ERA5—Land #7r Hr 8 £ P55 1 )2 (0—7 em)
B OK RS 2 2 (728 em) FIER KB 3 2
(28100 cm) -5 &K &, B[R] 43 HE R L 258 (8] 4y B
HH0.1°X0.1°, BN R BUE 43 b (m® /m?) , B4l ok
U8 F5F 1) S 28 1k IR 55 8085 °F- 5 Chttps: //eds. cli-
mate.copernicus.eu/) ,

1.3 MiIRAF*

1.3.1 ABCD & T ®  ABCD 7K 3C# % J& i
THOMAS™ 7E 1981 4F 4, iZ AL ab.c.d 4
S UL B R Y AR Z8 BUR AR R A B LA
AR IR K R KA SERR 2% L B A AR
b+ 5 H Al A A ARE & 1 K OB B A B i i A B
AR Y BT L 245 4 TR o L S 0D BN B R AR B
7 B AN R S 500 F 2 A AT 20 A, A R
T ) DX J0GE R B2 LA 2.,

Kk p l T EBKRE

|

+3ks L >

[ a#fwD
| l F
AMAR -,

\ BBERO

HTFKG L >
[ BERF

2 ABCD #REIZ#
Fig. 2 ABCD structural model

ABCD #8 BDEE 3t 388 i 7K 25 [6] K1) 43 S £ 358 7K R b
K 2 2 H T K O R B A K TR K Y
P 75 . AE 1 AT E PR Y, K2 B K O i
TR

S,—S,,=P,—E,—R,—D, (D
KPS RS, RS AR Bo R A S K
HE(mm); P, VE, R, . D, 5985 A B R
K LR ZER L E BT KSR HERRE

(mm),

http: // stbexb.alljournal.com.cn



4 7K PR A

5 38 4

Hu R KR B K P TR
G, —G,_, =R, —F, (2)
Kb G MG, 89N EE 0 A BEY R 1 T K 6
W (mm); F, 50 AW BN Y R i
Thomas FEBL R g 2 AR AS &, A7 0K &
W, M REZEHEE Y, R AAN:
W, =P, +S., 3
Y, =E, + S, )
A ARBOKE W, 2Rk &S LK Z /)
MEZ AL REAE R Y, SR E K
Kbk, BEY, 5 W, IRALIT IR EOC R
Y,»=Wi+bJ(Wl+bj2W (5)

2a 2a a
Krhia Fo B REASH, o y 1340 AETE iR
Ui AT P 5 & A DRSS PR ZE B B S IR K R
Iy FFR
BERRIE S, 5Y, RRN:
PET,}
b
X PET, bW fE 78 H & & R J§ Penman —
Monteith AW E 2R UK & .
e A AR K W, — Y, BN HERR
WD, Fh TR AR R, IR AX .
D,=(1—c) (W, —Y)) %)
R, =c(W, —Y),) (8)
Ko WEHBISH FRoR T HOKZ AT K 19 L)
B E M 7K 2 S 2k oK e L A5 B b T K fif
G, MERF, HEAX K.
c(W, =Y )+G
1+d
F. =dG, ao
A d AR ZE ROR T K AR R AL
AR Q A HER R D, Sy F,
Z Al

(6)

S, =Y,exp(

G, = D)

Q. =D; +F; (1D
1.3.2 BAEAHMAT &
(EFAST Jyik
P J A L o iR R AB0URSPE 23 BT (extended fourier
amplitude sensitivity test, EFAST) & H SALTELLI
ZETIHE Fourier amplitude sensitivity test fJJEAE I
454 SOBOL B n LB i — B 42 R U
O OT R BT RSCR S BB SR . 0T
2 T 07 22 0 i B0 L 38 2 TSR R S A TR 0k A
T3 22 W9 Gk DT B 45 32 PR 7 00 i H 45 SR 9 32 5 e K
W R R B BT A A8 BATE G s R S 8] 52

SE TV % R 1Y SRR = B ol s AL R R A )R
BRURRAE 23 M7 ik 22— SR 5 vk 43 Bt ABCD K
SCREHY SRR A
(2)SCE—UA #.ik

Shuffled complex evolution — university of ari-
zona(SCE—UA) & 2Z i DUAN Z057 T 1992 4F
TER I —Fh 2 R U RE 7 IZ SRR T L A Bk
BEfili b 855 2RI R LA LR TR
SR VT v oa] A A%k G B A SR R A (R X L 5E 43 A
FHREA 40 25 A5 S, RE A5 DR e 80 8 R 1 42 Jmy e
DAk THEL 72K OB S A6 T DL A A 452 T A2 7]
AR R Tz B B SCE — UA AL 3 1 R
ABCD KSR Z 4L,
1.3.3 AR B AR A B KM A 09 b AR R
R ZHORT DA RIS SR 1A il e A2 o 1) e, [

O=F(x15Z2s.0.5X,) (12)

L0 WRBSE, 0= 1(0,,....0,} ;p NKILH
RZHANEC p 21 B NBEGE BRS80S R
AR [ ) PRELOE R 501 s 00 s s o, O F1 A A6 AR B
AT R AR 1 s A i RR AR B R

T T SRR N K SO S8 i e A
T[] B pREOC &R LR BER B 0

R B

0, () =au, + a8 (@ (1)) (13)
i=1

K. 0, (1) A MRS EAES  HZMHEG =
1oy p)s aoj i SRR 2 B IR T 7 RE Y &R
xo(t) NE T ADRRAE RS W2 G =1, -,
n)sg (o) R pR B, 7 i AE 20 0 5 2 FE L,

K H 77 W A5 B v WY (akaike information criteri-
on, AIO) VE A #5173 1 o ) A8 S8R 0 h S5
AR 38 7 A | 3 5 R B BAAOE X DA K e P i R i
L34 M dEAR R EOR R B (nash —
sutcliffe efficiency, NSE) \ 5w MR ak F 2 £ (kling —
gupta efficiency, KGE) Fl gt & R E* R” 3 46 #r
WA ABCD 7K SCAE 7Y 75 T8 VA I 38 09 42 I TR 55 400 45
R ONSEKGE R BT T 1, 45 R f 45400 285 25 8 ofe
i, KFH R R A O 2R 80 (pearson correlation co-
efficienO ¥ A S EBIHEEHE I L EKiEES
ERAS — Land AN [ % B b e /K filf B 22 18] #9 A G T2 2
rOBEEE T 1, AR B IE A SC M R L ¢ A R A
T T8 25 A DG 56 22 1 i 3 1 K P 2 p <<0.05 1L I
SGIPORTAE X X i
1.3.5 @ #Z45H WL H (path analysis) & 3&
2 WRIGHT™ F 1921 4E 42 0. H F ot £

http: // stbexb.alljournal.com.cn



CHER:]

TIPET AR T AL BRI R AT ek e K A B AR DL S 5 i R R 5

ANHARMFEAA R R MEELR, CENRS AL R
Xof DRI AR Sk ) T B R R 24 . SR AR 40 BT, 43 B <
i 2 2 (WK LT 76 Z8 10 &) R RE 8 22 R (NDVD X 1
T 38 K i B A R BB R B AR L RO 4
KigEA EFHE,

2 H#REHSW

21 MEMTSHRH

2.1.1 IR EAEREF M LER IS AE AR &

FE AT SRR 1 T AR AT DL, BE B K W TR 2R
Bk e S A R AE N 7 NDVT VR g g R AE X 7
K M—K 3K 5 %, 01 19822015 4F 18
TR K T AEZE B & NDVI 28 fb #a # (E 3).
FEAF 5T B BE N T8 VT 3 38k o 7K AR b 3OR 5 3 5 0 7E
ZE TR R A 2 1k e, b, 65 06 3 I U FE ZE
K FE R (p <<0.05) s NDVI 48 fk#a #4 i 3%
(p<C0.05) , & & 14 i ) T8 AL b 55.14 %0, & 25 0 /D

A Tl X AR Y 2 B0 AL 1 5 ) L 2 BT T R DG A YT AL L 7.33 00
9 NDVIZ L&
@ . L . ® © Ce#Rs
N it Crass

L o REEHN e £um

. {;},\ K . erEEmS . A zﬁﬁiﬁﬂ

g\vw,/ 4 . ;; Do e
e s o ‘ ;Lvl i **:f”é -y
S lkgiom N, 4 T OWEARRmm L h
| 3 1 SN . = e e
726.86 359.29 b 1071.09 801.82

B3 19822015 £ EAREFERERFEHAE

Fig. 3  Change trend of environmental characterization factors in the Weihe River Basin from 1982 to 2015
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Table 2 Correlation coefficient between simulated soil wa-

ter storage at different parameters and ERAS —

Land soil water storage at different depths in the

Weihe River basin from 1982 to 2015
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Fig. 6 Comparison of ERAS — Land soil water storage
anomaly at different depths in the Weihe River
Basin from 1982 to 2015 with that simulated by a

time— varying parameter model
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Table 3 Path analysis of effects of different factors on soil

water storage in the Weihe River basin
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