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Abstract: To investigate the effects of soil hydraulic parameters on the long-range correlation of soil moisture
under different climatic conditions, a 1-D vadose zone model (HYDRUS-1D) was utilized to simulate soil
moisture time series under different climatic conditions in China (humid area, semi-arid area, and arid area)
using generated soil hydraulic parameters datasets for sandy and clay loam soils. Then, the long-range corre-
lation of soil moisture data was calculated by detrend fluctuation analysis. The results showed that: (1) The
scale exponent (h) of the simulated soil moisture ranged from 0.570 to 1.915, indicating that there was an
obvious long-range correlation. Soil moisture time series was mainly characterized by persistence for sandy,
but for clay loam, there were both persistence and anti-persistence. (2) The long-range correlation was posi-
tively correlated with the soil depth, clay fraction, and aridity index. (3) The main soil hydraulic parameters
affecting long-range correlation were n, a, and K,. Specifically, n was the main hydraulic parameter affect-
ing long-range correlation for sandy soils at all locations. For clay loam soils, @ was the predominant hydrau-
lic parameter affecting long-range correlation in humid area, @ and K, were the main hydraulic parameters af-
fecting long-range correlation in semi-arid and arid areas. The results can provide some reference for revealing

the long-term evolution mechanism of soil moisture.
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parameter

e S K R 4 o i AR S R S A B B R X DU K CHl 7K iR KRR R 3 KO B 4 ) B 5
JIPES R R EREEBEMEN . LHOKAMOE 4™ b nT DL 5 R A SR oK 43 FilRE 7

s B 8 :2021-07-21

B[EITIE : E K E S LR H (2019YFC1804400) 5 [ 5% [ SABF 42 2 4: 51 H (42171036)

FE—1EHF FEH 996, & Wi+, BN L HK CE AR KIS, E-mail: linglil8@tju.edu.cn

BEEE . TG 978, B, 88z W+ A S0, =2 I AR A5 /K SC A K S0, B 3K SC B R B FSY . E-mail : tiejun, wang@ tju. edu.cn



519

TR A T R B ALL Y 3K ) 2 BOuk e SR AR AR SC A B 5 1 23 B 81

i B SR R G AR, FERE A E 2R
AL TRIE FH R . 4K 52 B o 20 0 Al e P AR AT
H I (8] 7 2 B A KRR AR S (B RR I B 12t L 1
- HEOK AR A FARE T R S A, B S AR A
RAEFEAE T UG AT - 58 7K 2 25 28 Ak AL A ) TA R, [A)
i Ay ik 1 7K SRR AR T ORG B R I S

H AT HE K R AH G M0 5% 32 B4R rh 7R AR A
fIE LA B2 A0 L TR 200 52 o R FE 0 46 i 58 A2 e il X
2004—2007 4 1 e K B9 K R AH O R B, KRR AH G
P I o ) R 118 8 I ek 55 5 o R A ST R
A H A 58 /K K TR A OGP B )2 TR BB o4 i 1 0
Shen 257 WF 57 = W, 2 A A ] RO L, BT 2 1+ HE K
KA OCPE 0y T K &R, i B[] RRE o H 2 A7
K PR 5% W) s Zhang 55 W58 /\ 590 3t 48k BH 3% 1 19
ey H KK AR AR OC M R WY, BH 3 R 2 K K
ARG 5 55 HL 3 2 52 K BH 5 5 R 28 10 1 52 ) i
TRJZ T e K ) 2 252 2750 1 Wl =5 109 52 el B 3 rp O
J2 - HEK I 55 KRR AR OGPk 35 B A2 1R K Asr R 1) A2
TN S0, G T 4 3 AR M o) 49 K R A O
WA 98 FF B4 /0, il Martinez-Ferndndez 297 4347 T
FoRi o AL T A E X KK e IC R
SR {H R R AT W58 T 5K 1 S50 A BRI 1
JoT bl %o b KK R AR G PR 2 . K T S8 hE
S o SRS s ) N = e o= i U Rl
KDl TR R S A R R AR K 1 S HoHE LA
SEPR L LB A SR A el AR KK R A O
ERHMESES LK IS BN XRAHFTR.
R, ASWF 5T 45 4 Rosetta3 B8 A= i 1Y + 3K 1 5
BN BT HYDRUS-1D A58 750 A 81 14 -+ 438 7K iF 8]
JF 50 W FERRTE f T R AT R AR X K T S5
Xof b KA AR AR SR Y 5 e, DA AL B | 4 7R + g
TR A A LA
1 MRS Jjik
1.1 EBEE
1.1.1 HYDRUS-1D ## &K K## HYDRUS-1D
RERD R —AE AR AT K AR B s BRI A A AL, 7
K AR AR R I BT R A S —
4k Ay Richards J7 AR U1 + HE K iz oh i 72, HB2E &
KA

%Z% %)*K(k)j—S(h) (L

A0 AR EIKE (em® /em®) sh KR 17Kk
(em) s K () FARMI AN IK R (em/d) 5S () HAHPIAR
AWK (em/d) s R 3 1] 25 [B] A2 5 Cem) 3¢ W B
B (d),

Rfp (D FEE 0.0 KW ZRER,

(K(h)(

ARG van Genuchten-Mualem B (VGM)
TFEEIE"Y . VGM FRER N .
0,—0,

o= [ 0 (o
2 h =0
K(h)=K,XS.X(1—(1—S")")? (3
== )

0.0,

K0, HEFR A& K E (em®/em®) 50, R + 54
A& K (em®/em®) 5 S, N A AR B, L& H; K,
FHARIKE (em/d) 50 LTS AE B9 B F 1/
em) sn N HIEFLBA A RS EGm NER S
m=1=1/n;l AE/WSHEH I 0.5; HRSHE
XA E

1.1.2 BAZRE  AUFFRBIY BT A IR &
T MoK sy gl B LS E R E N 3 m,
i FBE R ] A R AR B T AR RS GA B, IR
HEHKR S AR R E T LY
51410 300 2, B E 301 AN AR R HOKAE A
[A) J2 A0 1 A8 A5 0 29 S 7E 10,50 em Ab iz & 2 AN X
R LA E AN IR BE A K K B A O 5 4 1
K I S B AH G FR . BEAUL Y 1 3K B[] Y ) 4K
FER 5 AFE T BRI S K s AR TR
RS SOR R VERE IR I NI R KV SRR
HLE HHEOK S R R U S 5 AR
1) KB A S e A5 R AR DL AR L
B AN [ S S5 T 380K J1 2 806 1 8K K FEAE
KRR FERE R i A T R 5 LK 1=
A5 .

1.2 REIRZHEE

1.2.1 A& ETTEBENITELS R, A0
GEIEEE)T M AR FIER 1 b X 5 B8 B S AR AL i
B 3 AN I B S A A DL 1, i 0 I A AR S A
SRR T R T B A, HYDRUS-1D
RV G B 45 B R A H W 28 Bk &t
WETEZR WU R K H% Hargreaves J5 B2 SR A3, R 5%
X s B R | o E R 80HE M Chttp: //data.
cma.cn/) , BT [E] R 2000 4F 1 H 1 H & 2004 4 12
H31H,

1.2.2 X3 KA A X% T Rosettad 55 BUKs F &,
B2/ AW ST T K T S U5 Rosetta3 1A
AR . WIS AR i 55 AR Ml R b Ay S A
e D ARG £ 2 Fb 4 18 T M A B Rosetta3 £
U Az B AR X N K 1 S 50C0, .0, saun FI
K,). BRI HL Y 358K 1 Z 80 Rosetta3d 1171 fifi
LA AR 50 4, 3% 2 n A, 280K 1 S 5m it 45 4%



82 K PR R

o536 4%

b - AR L K I 2 H0E R UL P A 22 R
M2 n Ko BEAh TERD b KR8 S RECBER O

1175 M E R+ P o FIK 728 5 RZBOYE K, 4y
Bh 1.817,2.673,

F1 3NMREBERSETHRKESETHBREZHNLRENTEERY
A IX G/ i/ () ZAETHREKE/mm ZEFIEAEEN AR/ mm T REEH
T D 113.271 23.135 1863.940 1292.526 0.693
R GRID 113.632 34.753 671.900 1139.330 1.696
FER2UER)ID 106.237 38.494 187.880 1093.624 5.821
x2 BT 2MIERMEBERNTEKDSHFITHFLE
+ 4 ZH 0./ 0,/ a/ K,/
5k it (em® » cm ™ ?) (ecm® « em™ ) (em™ ) ! (ecm+d™)
& KAMH 0.111 0.454 0.145 5.143 7131.849
5 /ME 0.006 0.259 0.012 1.327 52.257
Wt ¥IE 0.055 0.354 0.038 2.799 1625.412
b e 22 0.027 0.045 0.026 0.804 1910.577
5 R 0.496 0.128 0.686 0.287 1.175
5 NE ] 0.248 0.608 0.376 2.662 979.917
/M 0.015 0.241 0.0002 1.238 0.048
FhibE+ ¥iE 0.113 0.430 0.042 1.567 78.495
b i 2% 0.059 0.082 0.076 0.268 209.846
LT 0.526 0.191 1.817 0.171 2.673

B 3 AU IX A TR B 500 L ARG 1 4% 50
HK S HEE A A G A5 A HYDRUS-1D
RO AR i 300 2H - HEK B . ) o kT RGN £
SR KB A 258 3 e 3l o3 Hr vk 0 5 1 HE K K AR AR
1.3 X#EBEHIFIFE

Peng S5M7E DNA J7 81 K B AH MW 5 b 4
T £ B9 3 4 B i (detrended fluctuation analy-
sis, DFA) . DFA J5 3 al U3 Al - 52 A9 15 18] 5 510
RE A 305 B3k 1 0 34 S 5 i) £ 1 RRBL I B 4 YA
I3 M KRR AR A

TEFEAT DFEA 43 B Z 115 1 56 2 Bk L 58K ] 7 471
M B BRAE TS 4 SR kA e . ISR,
X ELA Y A 0 2 ] A A B Y TR A
F S 5 18 2= Bk 2 (average removing method,
ARM) SRS o A S0k b 7 s Hoab A A0k

0L =7 —7 (5
bk A H W00 A ZBRZE TGS /Y L HEK I (8] F7
Bl (em’ /em®) sy, ARG UK RS (em’ /em®) 37, H
FIA A th RS H R 30K B A E (cm’ /em®)

DFA Wit R e .

(DI RRE 2 ARG v (0.

y (= (p(i)—¢) (6)

o EF K = 1,2, Ns g 55
o (A,

(DXL AUE REESE. 8y @O aEEK

BEAHAE A &R, O XA BE S bR AR
SR A RUBE, MO DX ] B N/ R R R
g /N AL AT o3 X R Y SR R a3y, (o)
P Y IR A5 AT LA e AN [] 114 22 100X 48

(3) 22 B Joy #B o #, 345 Dl 3 pR B, A8 BT 5
v OB EEAS 7 DX 8] sk 25 R B R 3y, (o) I &
Bt S 1 e 5 I 2 07 M BRI B sh e 8 F (G .

1y ‘
F(j):Jﬁzle(y(t)*yj(t))z YD)

(DOBUEX R . 812 FE), M3] X K

5 SR F GBS R R,
F(jyocj” (8)

%t log FGOMI log j ¢kEPl & fAEZk P22 R HD
UE W J5 i Bsf 1] 5 31 2 A KRR AR OCPE, Hoh h 2 i
N AL MRS 15 B AR R AE . FR O DFA bR B2 48
B bR BEAR R A Y UM DX ) 3R A [R] 1Y s Ah R
ik Q2R h=0.5, UL W] i [a] 7 510 0 57 ) 4 A 1) Bl
BUP S AAATE R B AR OGP 2R A = 1.5, Ui B i 4
B T) e 51 6 38 2 52 B0 43 O A B398 3 A A A R A G
PE IR 0.5<<h<<1 3% h>>1.5, 6 WIS ] 5 91 EL A 45
etk LT CBR B 1Y A8 Ak ok Bl R 4 AN A8 s an 2R
0<<h<<0.51% 1<<h <<1.5, 3 W B (8] 15 3 7 76 I 5 42
PR R 5HR A
2 RGBT
2.1 T EEKETE SR KRME K

DFA 43 #r v — et IX R B i i o 4<<j <N/



/c
FRA

519

BT B AL Y 387K Ty 200 3 K A AR A G 14 5 Wi 43 BT

83

4 AR SCHY KBS P S BE R 1 827 KL oh T A
SR PR B 2K IX ALK B R B R 1o<] <398
K IFU—Br 230X B #5403 sk 4k
log F (O MIX K JE log j zazmuéﬂ;zu,wfmx%
B E ZEL R ME 0.986~0.999. %] log F (j)
Fillog j WIRPEAHSCIE 25, DA 1 4+ 8K 88

GIATEE SR, T O TR TR A X
B+ R K ] P 8 1) DFEA 20 #7145 5% LA
BRI R bR EHEEC R IE 1 R, 10,50 em IR
J log F (i)l log j MIZAEILG FE B B . e E R A
R*AE 0.994~0.997, F LM ¢ R W 2 1F R 45 1 T
IRRCE 2

05 - 05 0.5
oL @Em oL ®*FE oL ©@©FR
0.5 YOINLITE 0.5 F y0.847x-2.443 ol 05 F
- - ~ R0.094 o - $=0.922x-2.848 @
2-1.0 F 2-1.0 F 2-1.0 F R*=0.997
¥ -1.0 ¥ -1.0 o & -1.0 S
&0 4 &0 W2/ &0 g
-1.5 + y/ -1.5 + o ‘1.5 +
< $=0.916x-2.573 = S y=1.021x-2.900 = W
2.0 | R=0.997 2.0 | R'=0.996 2.0 | g y-1434x-4.086
2.5 F 25 F 2.5 F R=0.997
_3'0 1 1 1 1 J _3'0 1 1 1 1 J _3.0 1 1 1 1 J
05 1.0 1.5 20 25 3.0 05 1.0 15 20 25 3.0 05 10 15 20 25 3.0
log j log j log j
o 10cm A 50cm — WAL
Bl EBEFFRE.FTESERFEITRHBTAREELEKHEAFIEZBBEISN

H - K B[] 7 510 6% B B 4 BN R BRI (L 2)
AT FEAE ST B B 1] RUBE P (10 ~ 398 KD, 45 S fil 4%
TS ANF K T 28l AT A ) + 5K bR B 48
HAE 0.570~1.915, R BRI 1Y 1= oK 5 51 rh 47 7E W]
R R A OG5 AT N B I B 1 B 5 4
T — B0, UF B K A B A RUEE B KR,
J 9T - KA R - JEKad i

2.0
(a) BH
1.5 +
1.0 ' ‘
0.5 ‘
b) £ F &8
£ 1.5
gm
il
¥ 1.0 F
0.5 I L
2.0 |
(©) :FE
1.5 F
1.0 -
0.5 f
w10 l?}j:so %Eiiilo ?ﬁ’i%j:so
T E®E/cm
B2 FAESELXGMTEXASHAET
AERER T EKIFERY
21.1 RRALEBEREMEEREKEAARSEIE I

JE 8 BOBOR  F ] b K B R BE AR G PR 5 . AT A
B GETHE R AT AR AR IR AT R 1R

TR BE A 1E T, b B 4 B0 1 72 0 K (| 2>, R/ 4
HOK R B A O B G )2 R BN W R o8 . AR
BE (B DKRFE AR LT3 MK 10 em R
(1) 3K bR BE 48 804351 o~ 0.753,0.847,0.922350 em
TRBE Y 3K b B2 48 805 i R 0.916,1.021, 1.434,
50 cm TRBEMIAR BEHE B KT 10 em VR B, 130K
AR AR S 5 TR B ) — B4 fb B A 3R I R 2 G 1 g
K5 A1 528 BAE TSR D53 JE 4 B0 £ T LAAS 2
—H L.

ST AEEL (D) ] LASE S 41 34 - K i R 51 1Y
SRR B+ HOK Sh AL B 2 . e 4
Fob /I, B K P B g o B A AR R
HR(D) HFREIRE DO RR(D=2—h) prEHE
BOBK 50 4E B0/ L T, 50 em TR BE 19+ 1
K] ) 51 53 T 4 B85 /0N 28 Ak A A, AT 2R BH IR
2K AZ AN R RS
21.2 TR A LEREBMRMXLEEE HE 2
AT S5 SR RN - 2 TR A R B, 7 3 AR IX
B b+ HOK bR AR B EBH R T L, UL
B0+ HOK KRB SR b, B AR
DX b A i - K bR B R RO AE 0.5~ 1, T A6 1
rh - K bR 48 B K T A 1,598, It Ak Y 4 38K B
E] 77 3 i 3l 422 30 43 JF A W1z g, B 5K R A G
PE. AN P A K BR FE RS EAE 0.5~1 1 5 [
Hh 89.3 %, FHHE A+ b + HEK bR BE 8 BUAE 0.5~1,1~
L5 5 233k 42.0%,48.3 % , i B + 83K it )
A1) B S A ) R A Ch <1 fH RS £ K
B8] 77 41 32 22 e B R R S v 1 4 4 b R K B[R]
P9 5 2 Pk 0 R R e X R B . X R IR P Y
K AR F T B — Bk H R L TS



84 PINERY S R o

o536 4%

BEK A ACAH G PETE 3% (h TERD . 43 Hr 3R, 1 3 T it
2 5 ) K R AR A T R i e A R T
K AR AR T
2.1.3 FRAMBR 6 EERKAEMLMEIE  HE
2 AL FE 3 AR XL B T AR RO 1S KL R K AR
FEECAE N EHGE D, HIERIAERD £ 50 com R
JE MR 2 TR T SR Db B R O AR R K
434 0.734,0.851,1.021 s Fi 4 £ 50 em TREE, T A%
X HEKbR SR BUE Th A e 1.5 Aoty HaZ U X &
K AR RS R AR 1,915, 3 B2 X 38 AY + e ACIR &
R R M T I R T R A X K bR
B T AL 1.0,1.1 4. B/NT T8
i DX 118 = 387K b B2 48 8k i L 28 48 = b = K bR B 4
BRI A A T S R R A B . e BT e R R
B, — 5 i T R A 5 T K AR R g 12 s
— 7 T E S K A AR A I 35 A 1
T A b 4 5 e AT AR A T
22 HmMitEAKBEHXENTEKASH

T K, 25T BOES A, AR B 5T B log K,
G3MT . R 3 AT, 25 7K I3 SO0 KR AR AR DG M
SR ERTES AL PRITA NS S R RS 7 PR o ) &

JEFRELS n .o F log K, BYM MR, 5 0, F1 0, 1Y
FARYE RS, BAREEHR AL S n . log K, 5 % A
KKFR M o 728 F B AR X2 B35 UG
PR 7 5 D) 2 0 3 TE R DG . DA g o
RURER TERE LD R TR REAEKX .10 om %
FER T KR R EC S o A OCHE B AH O R A
HHAHR=—0.602(P<C0.01),R=0.599(P<C0.01),
MM 50 em BE Y LK PR BEFR AL log K, ARG HE
R BB R=—0.567(P<0.01),R =
—0.564(P<20.01), F W o Fl K, # S5 M 2 1 5 A
TR X R M B FE K T SRR
TS5 DX AN TR R BE Y - K bR BE R 30 S o I AH G
PR R, A OC R A 5 R = —0.734(P <<0.01) |
R=—0.496(P<C0.01) , R fEix e X L IEKK R
M FE 2 o W2, TERD b, B A AU X 1
IKAREEFR LS n WAH OC R I K T AEAD s
n R IR FEA SRS e B 3 . Rt A] D, g
TK I3 S B0 A HE K Bl 25 728 Ak 04 52 e A i A XA 22
S AR Ak R AR T R SR X, 7K T S B 5
SR A 2% T FLAS [6) 5 #1138 K ) S 800 3K K
FEAH PR I 42 AN ]

x3 TEAREEBSIEARNSENHEREEAXEN

LK LR EFRARK FRARK
25 Bt WL Bt BT Pt HEL
10 em 50 cm 10 em 50 em 10 em 50 cm 10 em 50 cm 10 em 50 cm 10 em 50 cm
g, 0.097 0.066 —0.269  —0.425" " 0.078 0.037 —0.315"  —0419" " 0.052 0.031 —0.377" " —0.446" "
s 0.304" 0,351 0.319" 0368 " 0.299~ 0.354" 0.337" 0.353" 0.308” 0.389" " 0.326” 04357 "
@ 0.039 0.151 —0.7347 *—0.496 " 0.201 0.254 —=0.602" " —0.331" 0.326” 0.271 0599 " 0.357"
n —0.887" " —0.855" " —0.017 0.158 —0.904" " —0.836" " 0.014 0.151 —0.864" " —0.786" " 0.063 0.140
logK, —0517"" —0650"" —0.091  —0456" " —0,600" " —0.6997 " —0.198  —0.5677 " —0.6727 " —07407 " —05077 " —0.564" "

& ox FoR P<<0.05; x x Fin P<<0.01,

3 W
3.0 HHEEAKIZIEE AT

ARBFFER KT RS 2R
RS T R RO AE IE A OGO R . DAAEWF 5T i 47
FER IR ZEE o b A Zhang 55 T A0
0 £y - SR B e B - R K R AR G BE +)2 IR
BE [ 388 hn T 3% 58 s Martinez — Ferndndez 25 B 58 v
RO, TR SRR & B R U] B 8y IE A OE R
Z 3 M Coll % W58 & 8, 1 5 0M X A9 SR UK
RE Sk, AWFFE R K AR R R A
R 2 B R A B ML 10 em W BE 1Y 4 X B
F18g 2 IO 5 B0 T L 2 28 R B O BR 1 )22 L TR e T
A ZE O 2 A R Y K DT X 48
A HEIK R 5 WA ) 5 TR J2 A MK 28 WA s K
A 5T b2 A KA G, Bt 8 i Sl i B

BN, R HOK KRR S 5 TR AR XL AR
BIRE R AR D A 187.880 mm . 28 WL & 52 2 K 43 R
il 1 H K I % 5 R BN I K AL T L
BRE WPIRAS . 7E 3 b b R AR A3 A L R
T IR R S AR S R I, b Y /N L R e
b, - HERIURE () W 56 B8 7 98055 . BRI, R e Y
SRR KM SR, K S AR R RaE

AN EA BT B, K KRR A O AT
FERR S B0 P53 05075 B 4= 8 7K A% Akt e Bl 1sf 1) R
BT K Az 58 A48 AR R A 58I K 1 S UARAE, ]
B PR o 35k 20 500 1) 38K 2 e P2 R 4,
ABIF ST PR 2R A Ry B — X 3R B A HE KK AR
12 24 BLH
32 HIIBAKEHEXAENETELEKAISY

A+ K 1 2 B0 38K R A 26 1 1) B2



519

TR A T R B ALL Y 3K ) 2 BOuk e SR AR AR SC A B 5 1 23 B 85

A A F MHLERL 1 DA = 387K % B i) ROBE AR 57, ek o6

T oK AR, R R KRV n .o K, &

il b K B ] R AR AR 1 E K T S8 B

SRS WL W o n o K, X 0 K A3 3 25 40 A B

K. KT SHO 1 AR KA O /Y 52 5 3

R KPR AT 5C R ey DR A0 25 4 0 - 398 5 3

M. n SO A3 p i FL B o A s m B, LB

B, R M S . AR R B NS £

n 50 DR TR R AR O X R R AP Y e B

TN = e o I N P B £/ 8 IS

AT A 38K X 5 3 4 3K 9 5% i 55 . Wang' ™ 78

S R X Y N A o (ED T O AT i e

n MTABFSEAERD 1 0, I A 3, X R 5 X

i DX 1) 26 S R DG, 9 TR R - 18 J5 b #4002 52 i) 1 1 K AR

SHEMEERNR, « 5 HEREHEIMC, LR

FRAN o {H /N, 26 B 3 09 RF K M B R AT S K BB

U FRAE 1 A BRE 1 WAL RE 5 IR 52 T B ORL 7

5 K SR OC Ronna] DL K 43 F A I I AT

FHZE + 3 b By FLBR, 92 K 40 T &, BRI, 7 R g+

H o FIK AT DL 52 KR AR AR O . Ik Ab

AT R TR WO T L TR T R AT R AR

DX A L T X T I R 0 o 7 BGRB8

WZ LK EREI R, B, S XK 6+ 3

K B 5 T 5 T R I S IX

4 5w
(DB AEL Y 4= 87K 7 91 vh 7 A 25 1 1 R A G

Y W 5 R A R R ) N R < R {2 L L

K VARREEME R s fE R b R S Ve R0 S Fr 2

S EsS L ET
(2) L EWEE Rk B R T 548 4R B 52 e+

KK WAE AL 5 bR B B W IERSC R AR
(3) T K K FRAH S 1 5K ) S BBl <M 2%

PR R e AR, Wb o R R, R L

e MK 2&FEHNT, H K WERERETET 2

X EI R,

S E Tk :

(1] M tn, EER B E, % 75 W XA R A B R Bk Ak b
B FCHAS ) A 3K 43 B a8 43 A RRAE < A5 B8 b 3 38k Ky 491
(I KBRS K T A% ,2020,31(4) :216-222.

(2] ZEWF @ EN R, 55 MR XK 7 & AR E
PLRTE LI — A — KA TE Sk b i 43 A A L) 6
FAEA M ,2021,32(6) :1928-1934.

[3] Mec Coll K A, Alemohammad S H, Akbar R, et al. The
global distribution and dynamics of surface soil moisture
[J].Nature Geoscience,2017,10(2) :100-104.

(4] EFH XVEE, BOF R, & BRI A F 28 1) -+ 5

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

K 53 i 25 A8 A R A K H BRI 5 e Y [ 1K B AR R e
#2,2020,34(6):125-134,142.

SRR, T30 L 0 B BRI T 25 338 2l 43 A7 J7 Tk 1Y 1 0%
KIS RGBT FE[J 1K F 2747, 2011, 42(3) : 315-322.
TR TSy ER AT L A R T B B B A A vk 1 1
HK RS ). 13, 2015,47(1) :188-191.

Shen S, Ye S J, Cheng C X, et al. Persistence and cor-
responding time scales of soil moisture dynamics during
summer in the Babao River Basin, Northwest ChinalJ].
Journal of Geophysical Research: Atmospheres, 2018,
123(17) :8936-8948.

Zhang T, Shen S, Cheng C X, et al. Long-range
correlation analysis of soil temperature and moisture on A’
rou hillsides, Babao River basin[ ]J].Journal of Geophysical
Research: Atmospheres,2018,123(22):12606-12620.
Martinez-Ferndndez J, Gonzalez-Zamora A, Almendra-
Martin L. Soil moisture memory and soil properties: An
analysis with the stored precipitation fraction[ ] ].Journal
of Hydrology,2021,593:125622-125631.

AR A S B/ Xy, 55 G P LR A K ) 2

Bezs sy S ST ] K £ AR R R, 2021, 35 (1)

198-204.

Zhang Y, Schaap M G. Weighted recalibration of the

Rosetta pedotransfer model with improved estimates of

hydraulic parameter distributions and summary statis-

tics (Rosetta3) [J]. Journal of Hydrology, 2017, 547

39-53.

ZEVKUK . E =3k, 28 5. HYDRUS-1D A58 83 A5 4000 L 5

TR ) T K oy B0 LT 1L A 25 24 4, 2019,

30(2):398-404.

XM X 58 5%, 5k Bl 8. 3 T HYDRUS-1D A9 A [ 5

A S o R BCE BT T 5 X RO A 5

2018,36(4) :140-145.

Sayah B, Gil-Rodriguez M, Juana L. Development of

one-dimensional solutions for water infiltration. Analy-

sis and parameters estimation[ ] ].Journal of Hydrolo-
gy,2016,535:226-234.

Wang T, Franz T E, YouJ, et al. Evaluating controls

of soil properties and climatic conditions on the use of

an exponential filter for converting near surface to root
zone soil moisture contents[ ] ].Journal of Hydrology,
2017,548:683-696.

Long H Y, Shuai X F, Lei Q L, et al. Spatiotemporal

distribution of calibration coefficients of hargreaves e-

quation for estimating potential evapotranspiration in

Mainland China[ J].Journal of Irrigation and Drainage

Engineering,2013,139(4) :293-299.

Peng C K, Buldyrev S V, Havlin S, et al. Mosaic or-

ganization of DNA nucleotides[ J]. Physical Review E,

1994,49(2) :1685-1689.

(F4% 94 )



94

PINERY S R o

o536 4%

[8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

SEAIRL) ] B X5, 2018,35(5) 1 1146-1152,
Liu Z Q, Jia G D, Yu X X. Water uptake and WUE of
Apple tree-Corn Agroforestry in the Loess hilly region
of China [[J]. Agricultural Water Management, 2020,
234:e106138.
Chen G, Liu S B, Xiang Y Z, et al. Impact of living mulch
on soil C: N : P stoichiometry in orchards across China: A
meta-analysis examining climatic, edaphic, and biotic
dependencyl J ].Pedosphere,2020,30(2) : 181-189.
Wang Y J, Liu L, Tian Y L, et al. Temporal and spa-
tial variation of soil microorganisms and nutrient under
white clover cover[ ] ].Soil and Tillage Research,2020,
202:e104666.
IR EE BT P, S5 AR AR L R 25 2 S R SRl 1]
KM A [T A A 252441 . 2016, 40(2) : 151164,
ZEE N 2o Bh 30 4 I A 8 4w IR R el AR g 5
P 4 KRR AR 5T () K £ AR FEMFSE . 2014, 21 (1)
29-33,38.
SR ek ZELBE IR A, A R AN [R50 T G R
el B 3 7K 53 5 0 B B0 A5 43 Bt [T 0. P9 b AR 2 B o 4
2005,20(3) :56-59.
X BB 2% 2 Bh. B A Ja Rl AR bl A B A K A3
B L)]. b 20541, 2006, 33(3) : 481-484.
WL R 4 U0 S AL B AR R P A G R R
KA EW L] TR, 2019,36(1):77-84.
R D6 BRI REG %%, S5 BV A W) DX 485 AR 1
Ko B ZS K A3 7y BT DL 0 F 2R 22 4l 2019,
30(2) :379-390.
Palese A M, Vignozzi N, Celano G, et al. Influence of

(k3% 85 7))

[18]

[19]

[20]

[21]

Zhang Q, Zhou Y, Singh V P, et al. Comparison of de-
trending methods for fluctuation analysis in hydrology[ J].
Journal of Hydrology,2011,400(1/2):121-132.

Zhang T, Shen S, Cheng C X. Impact of radiations on
the long-range correlation of soil moisture;: A case
study of the A’rou superstation in the Heihe River Ba-
sin[J].Journal of Geographical Sciences,2019,29(9):
1491-1506.

TR, 408 e, A6t L XAk A 3 K 43 i R 3 4 B
[J]. 242 ,2012,30(5) : 550-554.

B R SR SL S R T HYDRUS-1D B B

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[22]

[23]

[24]

[25]

soil management on soil physical characteristics and
water storage in a mature rainfed olive orchard[ ] ].Soil
and Tillage Rescarch,2014,144:96-109.

Tao Z, Neil E, Si B C. Determining deep root water
uptake patterns with tree age in the Chinese loess area
[J]. Agricultural Water Management, 2021, 249:
el106810.

FHL X SCIK L R ER . B YR X A K 4308 3 1 AR
e A AR M 8 [) . K £ AR+ 248 . 2014, 28(3)
134-137,184.

PRVEAE RS, | et LA E R R R R TE -
KW SE bRy R LT ] K £ R 45 2 4, 2018, 32
(3):1-9,15.

Maria P, Coomans O, Urcelay C, et al. Isotope frac-
tionation during root water uptake by Acacia caven is
enhanced by arbuscular mycorrhizas [ ]J]. Plant Soil,
2019,441(1/2) :485-497.

XA I T 2 S K X B I DK S L 28 I g stk [ D .
BRPE 470« Y AL AR MR K 2 . 2018,

Gao X D, Liu Z P, Zhao X N, et al. Extreme natural
drought enhances interspecific facilitation in semiarid
agroforestry systems[ ] ]. Agriculture, Ecosystems and
Environment,2018,265:444-453.

Wang S F, An J, Zhao X N, et al. Age-and climate-related
water use patterns of apple trees on China’s Loess Plateau
[J].Journal of Hydrology,2020,582:¢124462.

FAN e KR 2 BB 55 AT A A R AR R AR K
AL B SRR B R WAL . AR LA 54, 2018, 33 T
1):230-237.

AR &I VG BUR 2 OB 4 BT ()] K10 R 2
e BE it »2021,38(7) :36-41.

A, 0 H 2%, 5 7 4 =0 1 M A BEK 4 REAE il 2R
LA A5 [T I HE K 22 4. 2017, 36 (9) : 75-80.
Wang T. Modeling the impacts of soil hydraulic prop-
erties on temporal stability of soil moisture under a
semi-arid climate[ ] ].Journal of Hydrology,2014,519:
1214-1224.

D4 AR S M. Van Genuchten 158 % 5 0 1 H) B
BT RSO B A # 5T, 2017 ,44(6) : 147-153.
BAAG I, M, X, 45 B U7 S A 1 K )RR A 22 S 4
LK £ AR FFAE A . 2017, 31(2) 97102,



