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A $2(Zhu, Liao et al, 2012), T 3K 1A ER
SR AN 23 A8 S At BB LRI T ORE G T
AN 23 RUBE (%) 3K 43 W T K3 2l A 53 A
T AEALH 58 (Zhu, Liao et al, 2012; Vereecken et
al, 2016), [RIB}, - HEAK o (0 RS AN B S FRAEVE N
RO FE A= Wyt Ak it FERBE =) B 7%
PR OGS R, )2 5 I ARG AL B A R
PRI P (Lai et al, 2016; Vereecken et al, 2016),
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TEBE N, RHEK -SSR IE (B K i 2
[T A N £ 07 3 AT o ELHE R Rl . EARE
SR T A A S 8 K 43 B H K o A2 AR S |
E YIRS B0 AL | AR 35 15 K R o 4
bR, AR LT ik BB S (Time-Do-
main Reflectometry, TDR) . 4 35 5 4 1 (Frequency
Domain Reflectometry, FDR) . 7K Jj 71 (Zhu, Liao
etal, 2012)5% . H ARV R I E 13985 K AR
HET7 %, H AR A R Ty A B ) AR (FR
W24, 2006), HFIA7E 20 28 50 AEURE B T

e 3SR 20T R A ) BRI +
FEJERAR BHOR B 2 1) X, I TEER A (2014)
FLAR T e R T o ) - K 4y, R
AT AY A5 R . TDR HIFDRAE A —F0F] FH 334
HLREPE DRI 2 K A 1, 7RI 20 4R &
JE BARR) T HER T2 1 H (Brocea et al, 2010; Li-
ao et al, 2017). SR T A [FIZEAY (1) 3570 Ha w4k
ARAHTE] , 530 TDR 1 FDR %A [R] A 5 (1) 0 5 2%
RAH X WHEAEQ2009)H Y %% TDR
FIFDR bR E A S T8 | RE 46 5 14
ARG B ERG BE o 5K I i e L A
TE 25 N RTH 8] 2945 31 1 &8 R )iz 1 0 ] (A v
8, 2015), HHSM 55 R38R JR R, 3 5 727K 431
FZE 70~80 kPa W Sy fa], ik H T L BB IR ST
S utE! 8

L AT 2 T3 2N DA 24 A B
W S ke I 3K Ay o Fah = ik B
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WA S MELUE AR 19 %5 (8] 4 35 (Zhu et al,
2017) F3hA1 [ s B W oK ke &
FE D B AR S R AR R Tz N &
TR - 15 7K o R o 4 A Y 55 (Brocca
etal, 2010; Zhu et al, 2017), 7E[E 4k, Lin(2006) 43
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Fig.1 The pattern and pathway of soil water movement across spatial scales in the watershed
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DX, A5 55 (2006) A1 AL 325 W ) 7 39 iy IR - 3¢
FrK R, IR K TSR 1) DB T 133 e ¢
B Jei N RS bR ST TR TR T
20 hm’ J S AN [F] 2 R HEK 4 A S0 W, & 90+
K oy 5 IR Z A 23 ) AH S 5 7 7R R VR T L X,
7 RAE(014) T EC-5 H- 3+ A W I 7 A3 3tk
S D DX A L RUEE 38K AR Ak, I T 4K 53
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TR R M . HOMBLA BT, AR T
KA AR AN IS AR A T HAS R Af I (1
BB R X)) K o K 4w il R 22 5740
R, IR oSS AT IR A A 358 8 4 2
FILFEERIZE R

() 42275 32 B A 5 bR Py PRI R 38 S 5 R
HRELE A, AR A W ) SR
(e S35 R & S RN S B R TR ), F
XL B SR 5 4K A 1 2 B0 BT sl g BRASE TR
AT 2 1 K A SRR o 76 /N R (B T
FE []) , B b s 4 B 000 5 32 (b v 3 364
EMI , H, B 3 J2 1 4% 1% ERT F144 Hb 75 35 GPR)7E
IAERRSAR T Z M . EMIIW TAE RS &
SR 2% B 7 A — 1 B ) ) 25 I L B T
TNV 55 AW SRR Y XA RS T IR g

W ez B OR R G S T R
WL FR (8] 2a) . FOWHL TR 5 H UK 7 Fhar i
Hiu | A 2R A A A AT ARG R S Lk
Al LL3E 1 EMI SE 3 4 487K 43 19 )52 3 ( Zhu et al,
2010), ERT iy TAF 3R 58 o 7F 3 b e I —
A X Il 20 0t A6 DL AR AR =) 4 A — 2 B30 119 L
e, 300 3 9000 R 22 R AN [ R R B 1 A A, I
K —E WAL A TR 5 A0 B, ] DA 2IAS W) 4
JE () b T H BH 2R 25 0] 231 5 B (B 2b) IR, i T
HL BE R BR 1K o AR 3 B | 2R S T A
A LA AR AR G, D ERT AT AR gl S AN
[F] VR B 4 3 /K 43434 B AR A (Vereecken et al, 2015),
GPR & 5 ) FL RS AF -3 P AL G B, an SR i 2] A H
HRCN R BT, 8 K A T 1o b A% 4 1) 1A
PR Bl B, AT i 5 3] 4 38 v 1 L R D 15 5 40
0, S BF RSN S BT 5 v W = b AN ) ) o
(A7K 5 CEA MR RS )43 (Guo et al, 2014; Zhu,
Liao et al, 2012), X EEHBERYBREEIN T 2 0] DIAERR
L o ) P S BRATF 9 DX e 8 ) B3 SR A, DR vl A
FHT 30K 3 14 1 25 18] 43 HER B (6 2¢).

2 X 4 Y e R R 3 T LA SRR
75 0 W L i O A B B BNy NI A R X e
FHEE, 2018; 4K CAE, 2018), 2 ik 32 2 A
DT R AR R I A R R R R
JE AN K 4y, FLas 0] oy B A X4 v, Al At
PEREI TR R i L . RN RERES
HoK S A B BYIN LR KA B H RN
80, 1M+ ALK 3, B2 E K 2 24 i3 41

(2) RHHE AU EMI

(b) HL B EHT A ERT
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1 #RAT -3k [ Appiah et al, 2018 Fll Zhang et al, 2014,

B2 o R PRI T H.
Fig.2 The commonly used geophysical tools.
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A LB - BN () AR A T AR A, 0 R 1 JER
W 387K 73 0 HE DDA R R RR AR, 2018), s
T B AE W I A K A v N R R Tz . g il
T 46 (2017) 2 T BR YN 12 15 (Sentinel-1)C % B 75
I8 T AN R I S b K A B T ARGY
MIRCR o Bt 55— PR B sh 0 198 AR He R
) SMOS(Soil Moisture and Ocean Salinity) T & A9
B 58, LU B Bl i 18 S i ol RRUBE 1 48K
Gy RO ER . IEREBRAN(2018) % 9 i fllife
JiE 338K 4 0 L BEfF o ik A T 23R, IR 4R
I N 358K 53 22 RO 45 07 VR W i U 1
JET I B R B . S AMEAS — R, TR E Y
B =5 (GF-3) LA T 2016 4E 8 J1 10 H & 52,
T SE P B A PR 1 m 1 CAl B 2 e & LR
TR TE 456 TR MEUEUE , T AR A
SR AR T SR I - 35K 53 R B T FSE
ST S 1Y TR OB mm~1 m)Xt
= )7 R AT BRI 2558 7, AR BRSG , AT LA
R TR, A2 BN B e, o &
TR AR TAE B 22 0] LAy R = sl it v Sk |
B B i 28 SRk S W Bt 45 A 1R IR AT L W
S AR A Z B2 R F R BR
{H 23 [8] 43 HER B (Moran et al, 2004) ; 117 3 2l i1
T SR 25 8] 3 By B R T 0 L R AR R
FEL B M) 1 58 A 35U (Petropoulos et al, 2015), AL,
F= 0k B i 45 G 3 SRR Bk K A BT A
71T H.(Shi et al, 2014), #RM} , 38 J& S J8 38K 43
FEAE R AN 22 P AR 25 38 S O H 2
U 1 JEESCHE ) B 8] 3 AR AR, 75 B 45 G b 1 S
TR SR A i B S R A 7 oA I A RS IE (Ver-
eecken et al, 2015),

2 HHEK I SR I SR 5
Itk

T HEIK I31E S RS Ty ik FE 0 R WD A
BRI o I 3k = AT o) v R 1 A e N R
WAR /NI M BR Y FRER N 1 R B R R A5 5
TIN5 e D2 AE 1915 45 H 28 [ 2% 950 1L
Al iR 5k Miller 4% & 19, B 1% 7 645 8] 1
R F WM RN . 4T SCI44E(2008) (2= 1H
I8 25 (2008) Ko i) HUEH 45 (2014)#B R 3% 7 v A v
AN T) DX ISURIF 2 35 T R b e RUPE M e A2 90 5 1 v i

7 i e S o 10T R R U T DL AR
WA 33K 5332 Bl i AR AR (B S B AL
R A vy, HORA A AL P A R N R K 3 is
B, Ah, AT B A sk Py BRI A D —
TS SR L HEUIHT AR, WA 2] 1ok s 2
[5G (Zhu et al, 2010; Guo et al, 2014)% . 7EH
F18) B R] P, JHC At 52 e b R ) BRI 45 5 1) 4= S
BT, WA HLBT Bl bR SN R A AR
] - HE7K 7353 A B 22 A 5 g J 2 DR ok et %of
L ] — s AV AN [i] Fsf ) e 3k A SR T EL AR 1y
Bl , Rin] SR HOK iz ghryad AR, TT 48K
STIB B REAE o FE M BRI BRI i () 12 25
A EMER R, B AT LUATIT 38K 53 iz 3 iy 28
A AEMELUE S Gl i, R BRI AE /N RUEE 3K
Wapees) LY e RN G WIS =4 ) g S R A )
7 (Kaushal et al, 2005; #=F5%, 2009)F1 & A A1 %
/R (Scholl et al, 2015). Yl ngE EEATH
WL 7 8K 738 Bl i B AR AHE RS AR 2 A
eI, M HANREARE K Sris s ifid &t i [A)467
Fonig, A AR RS, T8 3 AR AT 518
YER, BRI TRIR BE 37K Ml R 7K MoK R R
ZEHCR R DA O IR AR A AR AR . PR
30 32 00 5 AN R B 3K v DA O MR R, T LA
P v e B A 5 S AR A o o

H TS i K S is S B 2 g JeiE AR
SO 23 i 2R A R K 23 S AL FIZ Bl dt, A5
WA K s sh i EE TR RE Y EHL
BEAATR], - HEoK I3z SRS AT LA g 2k 8l g A
B KA TR 3 SRR, By i BB AL T
By 3 RE IR A A, 2 s B AR L A5 i
NVERTE BHEOK 28, BiE T LB S A ALRE Y
A IFEHEK LA S RSB A HE K G R AR, ok B
KA INAR Z WK 51 REAR DX 7 1) AR XAE A% 1 7K 4
i fit (Singh, 2001) >R H 3l T3 A B 947 UZF (Un-
saturated Zone Flow)#5 % 1 MIKE- SHE(Systéme Hy-
drologique Européen)fii 45, 7K i -tk AN 25
IKVGE A R K BB AR T T K sz sl e
AT TR B RAS E SO0 A B T A P
TEIR VY E R, ToIEE AR A K 7312 s iy
PR, Wl R 2E o SR K P AR RL 1) A SWAT
(Soil & Water Assessment Tool) #% % HSPF(Hydro-
logical Simulation Program - FORTRAN)# %l VIC
(Variable Infiltration Capacity)fEH1%% 7K 2l J 457l
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S FE T BUE K i 13K /332 3 77 B2 (40 Richards J7
PRI HENY , B ReNE S8 B A i 3K 7332 S P 3L
i, AR AT T S8 ST LI T SRR R
&, BT EZ N AR N ZS R B SRAK )
JIER 4 HYDRUS £ % | ParFlow(Parallel physi-
cally-based flow model )45 %  PAWS(Process-based
Adaptive Watershed Simulator) B 45, H 8K 3 885
R SR BN ZE A AN ] H R — o R 1 S 4000
BR o W98 R, 780 A S B0 45K
1M BUAH X S EOM AR BB 1+ 158 7K 5332 B 1Y 52
fix A I %% (Guber et al, 2006; Beisman et al, 2015;
Lai et al, 2016). K, HEARZAHSCH SRS e
AT S BRI OC S8 b s | G e 3 5
P 2 R 5 sk b e B LA S b S 4
I Y R B S v A R K T3 M BT 2 B (Feng et al,
2015; Vereecken et al, 2015), 745, T2 # & WK
3RO IX Bl A8 A S 8 e SR AR AR R TR i
. Ebln, Shellito %(2016) 1 F SMOS T2 38 Jik [
A 2R 8K S04 GE T Noah fifi RIS HY A 1) -+ 458
IKIIZESH UG T ARG IIRCR . SRR (2018) 42
H A K A3 TR 3 I it P A Sy il T K SRS Y Y
WG S s BeAm A AR 5, T IL A /K St RS A
RS, BCE TR B 7 HEZE P (W) A6 i Ly
o 1 EAK A3 i, ) e JE S AR A s A T
W R IEBIRI SR, W] 2 e MR SR N B
P, e AR A RCAORS B . [RIB, S XT 45 [ BFSRIX
(YRR R, RRCHE A DCASERY v 3 o A L) R & AN ()
it BT N  H AT S TR A AR . 4 Fu 5§
(2014 13— HLs S i 5 | A S SWAT F il v
FA R T N2 KRR ) SWAT-CS #2745 T AR 411
I IR s Fang 55(2015)#4G HYDRUS  ParFlow Al
CLM(Common Land Model)fii TR, SZEL 1 /)N jiE
W AHOK 38 3h i = 4ER

3 R RS

3.1 MR LIEKSBNRESAZNERMAR
FEHNRE I, 5K I )7 ik 2 LA F3)
FE ShULIN A 3, SR I 2 RO 7 e 2 B —
(R SRy R o T sl R 3% s 7, X LA AJAS g st ] 4
FER UL S 5 110 Sl LI A e v AR
FERFFE DX N R S A BRI 38 25, TE i 4R A5 i 25 (] 43
BER UL B . R R T R T
B ABE TS A A S0 . Zho 45 (2017) 22138

T o 2t R 2t T ik A LT S W R B S W
(1) K A B , RAR T 30k T g s 2 3 e e ) e T
FHOKI A . AN AR IR AR A HLA 4%
H 21, i bR 4 BRI AT WAL R B e, AT
) B2 ARAT IR = 5, (FORS BEAE A AN & 5 B M DK
A= BN pregi DY R | o R E R [ B Y 1]
TSR] TR B 5T RS SRR A B H H e
A2 )2 Z i (Dobriyal et al, 2012; Zhu, Liao et al,
2012), A A iR 75 3 FHUHEAZ I B AR (=2 R:5 0] 12
BLBEALARAR | B 3 N3 TR SRR, 28 1 i A [
W 7 AR AR 1) 2 J2 RN R 2 XL 4R =2 [ ) o
RF, I i b 3 s (o) el RUBE e 4 b R (A8 5
PR AT 53 4 /N3 B )P R OG R 3 e AN )
73 (AR, TR B S i itk 22 RO +- 46K 4313
S e J HGm
3.2 R TIEKSEAMREATRE

YA 3K A0 A Fis Sk 5 1Y S B,
HRUSH HATAE S5 AN E P (81 3) o AR ],
A 532k 2 ORIV Y 25 1) 1) AS 1 5 1 (Guber et al,
2006; Song et al, 2015), FEAN [A] Ay 25 RUEE, 2 FfAs
B 1 A DX A R AS B 2 R T DTk S R 22
Sl ] s s AR TR HR AR TR ARG A 1 ) R
XA I R 2 G2, Z TR, 38
R SRR R U BE LR A0 D i 7 2 e T
BT SRR 2546 I AN Bff 2 M (RE 2 1R 4, 2011), W1
NTER RIS HORH R e AE T — 2 T
Y. 1 Guber Z5(2006) 1 Liao 25 (2014) 38 31 % + ¢
IK IV T S B TN 7 (%) £ T, TH Bk 438K )
PE TS EON AN M, DT AR RO 2 () A 4ELRG 2
TERTRYZE A AN 2 T B 7 T, Sandor 55 (2017)
FIFH A5 7 7 O A BB AU 1) 38K 43 ik
FHEERL, AT TAER T R AYEE H . SRR AT 2

WA RSB

IR SCAERIEE )5 7

0 6440

MMMMM

1. H Song et al, 2015,
&3 7K OB RUAN G 2 PR TR
Fig.3 The sources of the uncertainty of hydrological model
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P SR IR R X6 T S AN o A 1 AT SR T
— IR ASZ H (Vereecken et al, 2015), X 75 22K
BRI N TR 8 L HhBR Yy B I0 A 18 SRS B
BT B | ARz 07 R pEgE b i o £ s
[FACF AR | 18 S+ e /K 43 © FF IR 4 1 B AH DG A
Ak (Flores et al, 2012); fis Bl i Bk BEAR I £ A
AR 1 I 245 B S8 TN 1) AR 2 B8 3R A
TR AYFE (Vereecken et al, 2015),
3.3 A LIEKS SREMBIEINGIE
AWy b 3R A A 0 B, K i o
SR AR E 38 0 O H A PR RN 32 A4 A DA T
PRE A IR IR R AR BT R AL A A
YRR AR, B OK 1012 s R ik AT R TR 1 3K
#171(Zhu, Schmidt et al, 2012) (¥ 4), Hitt, +5EK
1 W RS RN B SRR B 25 AR A — e R Bk
FE T Bk A i FS R Ak B B 25 AT (Keiluweit et al,
2017), SRTMAEZ BT HF TS, i T - K it
SE DL EDUL A A | DR I LT 4 ik AU AL 1 20 1Y) 5
M 300 5 B PR AL AL B 5% LT AR B F8 AR (AN HE K 4%
P g KR MR KA S TR O &R 2
(Poblador et al, 2017), H: it 3ek B2 A1 B 25 43 20 1
A o AN AR GE) K SCBOR R A ) 1
BRAGSAEARIETE 2 A Bk IG . R OK SOBERIEE T
RS B IK GRS B R Py BRAIL , FEAT A A ) Hh
BRALSAIRER S RS, AL T AR kb R S
B 2 A3 550 2 (Beisman et al, 2015) ; 11 Ak 2L

HHOK R
FHOKM =AW B\ Y pUR

v ]
| tmekm | | 2weser| | swen | | T2 | [ wemen]
! i ! ey
¥ ¥
] [ REAaTs [ #wem | | mew |ir——§
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2 E
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A 4 * ‘ ‘
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K4 HHOKI S A RIS G e
Fig.4 The integrated processes of soil water,

carbon and nitrogen

H: Yy R AL 2 BB R Z il iR i Ak R iAo R
A= P IsRAL SR R AR L AE K - 0K o3 R s 7%
B Y BRLHIAEAEAR T B PRI, A DG A 5 1Y
PTG MG, SR R ) A RO SR i
(Vereecken et al, 2016),

4 45iE

BRI i b AN [F] B )= R ) SR BE A
F RS AL I S AL A FIAK BN g, FL 28 o3 A Fliz 3
RFAEAE A R A IF 5 SURAR B A FE 2 L. AR
B IR 053 Ry 0 2 (M K R R T 25
1) MBS (K Sz 32 AN J7 I £ A5 AR L
SR L PR AR ] 2 1) RORE ) 300 RIS DL 45 1 Y
filh I, 8 T R HOR M IFEAED IR 505
B, @ BEAUAH E VB0 E 5 T BR G 13K
=T R A% U P 5 25 5 T A B LR 2
IR T ATRERIARIRTTIE o DRI, AR SO0 3K
ORI, EHOK SO R ML, DL
BRI AH DG Y A A5 R BE d  1  78 AIASAU 2 B oA
—EWSH RN,

22 3 ik (References)

TSCg, ST, T, 2008, 250 By 5 R R B S B
I ik 7 v 5 R AR B ST [9]. RATRLEBEBE i, 25(3):
14-17. [Ding W F, Zhang P C, Wang Y F. 2008. Experimen-
tal study on runoff and sediment yield characteristics on
purple soil slope. Journal of Yangtze River Scientific Re-
search Institute, 25(3): 14-17. ]

HAAE, REATAE, JTIR. 2011, H T DU A s34 75 vk
1 7K SCASE YA A 72 M43 B (30, 7K R 24 4f, 42(9): 1065-
1074. [Dong L H, Xiong L H, Wan M. 2011. Uncertainty
analysis of hydrological modeling using the Bayesian mod-
el averaging method. Journal of Hydraulic Engineering, 42
(9): 1065-1074. ]

RTIRCE, B IR, ST AR 2014, 4500 4 X Bk b v i 22
PRFFEATSY [J]. K L PRFEER, 28(2): 20-24. [He S Q,
Gong Y B, Zheng Z C. 2014. Phosphorus loss via inter-
flow from sloping cropland of purple soil region. Journal
of Soil and Water Conservation, 28(2): 20-24. ]

WA, BRI, £ 42 L. 2006. 2 4w R BF S £ 3K 434
8] 2% 5 M58 (7], K BF 22 i ), 17(1): 74-81. [Hu W,
Shao M A, Wang Q J. 2006. Study on spatial variability of
soil moisture on the recultivated slope-land on the Loess
Plateau. Advances in Water Science, 17(1): 74-81. |



1156

wooBORE

$38%

HErPR R E R W [J]. K AR, 22(2): 6-10. [Li
HP, JinY, LiY. 2008. Comparative study of nitrogen loss-
es between surface flow and interflow of farmland under
artificial rainfall conditions. Journal of Soil and Water Con-
servation, 22(2): 6-10. ]

BRI, T4, BN, 2006, +IEELF [M]. Lot 5%
HE Ak, [Shao M A, Wang Q J, Huang M B. 2006.
Soil physics. Beijing, China: Higher Education Press.]

e, THE, BRAA%, 4 2009. HRUE T 80K AR S)
18 SRFE I Y R ERAIF ST (3], ZKAI244R, 40(1): 101-108.
[Sheng F, Wang K, Zhang R D, et al. 2009. Study on het-
erogeneous characteristics of soil water flow in field by
dye tracing method. Journal of Hydraulic Engineering, 40
(1): 101-108. ]

SR, A&, BRHEIY, 4. 2018, HER ML I R BLR S
KRR ()] B IE R, 37(1): 79-92. [Shi Z, Xu D
Y, Teng H F, et al. 2018. Soil information acquisition based
on remote sensing and proximal soil sensing: Current sta-
tus and prospect. Progress in Geography, 37(1): 79-92. ]

K R, AR, AE. 2014, KW EOT IR X 458K 5 )
BOMT (9], 7K LR HF W 4R, 34(6): 54-58. [Xu F, Zhu Q,
Shi B Q, et al. 2014. Dynamic analysis of soil water in
plain area of Taihu Lake Basin. Bulletin of Soil and Water
Conservation, 34(6): 54-58. ]

RS, trosat, 2847, 4. 2018, K SC2AMF ok e 5 e B8 (0],
HiFRFEE R, 37(1): 36-45. [Yang D W, Xu Z X, Li Z, et
al. 2018. Progress and prospect of hydrological sciences.
Progress in Geography, 37(1): 36-45. ]

W, ZEBREE, MR, 45, 2014, T e 4 S KRS
Br [0]. F5 K HEE, (3): 14-19. [Yang D Z, Li L L, Yang W,
et al. 2014. A study on using neutron method to measure
soil water content. Water Saving Irrigation, (3): 14-19. ]

W H R, B84 2009. TDR I FDR il 2 85 405 4 365 /K il
bR E [7]. 1S 3, 40(4): 740-742. [Yang Z Y, Fan J,
2009. Determination soil water content using TDR and
FDR in the Loess Plateau. Chinese Journal of Soil Science,
40(4): 740-742.

R, FRIHEEK, PR, 5. 2017. T Sentinel-1A 5 Landsat
8 B 10 A 28 Ty I 4 M 2R - S K 30 R S YR
F¢ 1. T AR S AR 22 4, 25(1): 118-126. [Zeng X J,
Xing Y Q, Shan W, et al. 2017. Soil water content retrieval
based on Sentinel-1A and Landsat 8 image for Bei'an—Hei-
he expressway. Chinese Journal of Eco-Agriculture, 25(1):
118-126. ]

SR FR, RBTRL, S0 5, 45 2018, e PR A E R S R
[7]. Mo BERL2# 2, 37(1): 57-65. [Zhang G L, Zhu A X,
Shi Z, et al. 2018. Progress and future prospect of soil ge-
ography. Progress in Geography, 37(1): 57-65. ]

AL, BB, B1-H37. 2005, K RLI i R G
J& [J]. H e 4R, 36(1): 118-123. [Zhang X L, Hu Z Q,
Chu S L. 2005. Research progress in determination meth-
ods for soil water content. Chinese Journal of Soil Science,
36(1): 118-123.]

RN, 2018, BB ol S i 398K 43 1Y L i BOBT & e Je ok
KRR (7). M BBl 22 UE R, 37(2): 198-213. [Zhao T J.
2018. Recent advances of L-band application in the pas-
sive microwave remote sensing of soil moisture and its
prospects. Progress in Geography, 37(2): 198-213. ]

AR, PRI - ik TR, $E R, 452015, TR X 1
SR o FEAE i AU T [J]. BT SREA K 2424 4R, 38
(2): 168-172. [Zhu H Q, Hudan T, Rehemu, et al. 2015.
Simulation analysis of Saline soil water retention curve in
arid areas. Journal of Xinjiang Agricultural University, 38
(2): 168-172. ]

Appiah I, Wemegah D D, Danuor S K, et al. 2018. Integrated
geophysical characterisation of Sunyani municipal solid
waste disposal site using magnetic gradiometry, magnetic
susceptibility survey and electrical resistivity tomography
[J]. Journal of Applied Geophysics, 153: 143-153

Beisman J J, Maxwell R M, Navarre-Sitchler A K, et al. 2015.
ParCrunchFlow: An efficient, parallel reactive transport
simulation tool for physically and chemically heteroge-
neous saturated subsurface environments [J]. Hydrology
and Earth System Sciences, 19: 403-422.

Brocca L, Melone F, Moramarco T, et al. 2010. Spatial-tempo-
ral variability of soil moisture and its estimation across
scales [J]. Water Resources Research, 46: W02516. doi:
10.1029/2009WR008016.

Davidson E A, Keller M, Erickson H E, et al. 2000. Testing a
conceptual model of soil emissions of nitrous and nitric ox-
ides [J]. Bioscience, 50: 667-680.

Dobriyal P, Qureshi A, Badola R, et al. 2012. A review of the
methods available for estimating soil moisture and its im-
plications for water resource management [J]. Journal of
Hydrology, 458(3): 110-117.

Fang Z F, Bogena H, Kollet S, et al. 2015. Spatio-temoral vali-
dation of long-term 3D hydrological simulations of a for-
ested catchment using empirical orthogonal functions and
wavelet coherence analysis [J]. Journal of Hydrology, 529:
1754-1767.

Feng H H, Liu Y B. 2015. Combined effects of precipitation
and air temperature on soil moisture in different land cov-
ers in a humid basin [J]. Journal of Hydrology, 531: 1129-
1140.

Flores A N, Bras R L, Entekhabi D. 2012. Hydrologic data as-

similation with a hillslope- scale- resolving model and L



5 8]

RTEAF W N K W S B ot 1157

band radar observations: Synthetic experiments with the
ensemble Kalman filter [J]. Water Resources Research, 48
(8): W08509, doi: 10.1029/2011WRO011500.

Fu C S, James A L, Yao H X. 2014. SWAT-CS: Revision and
testing of SWAT for Canadian Shield Catchments [J]. Jour-
nal of Hydrology, 511: 719-735.

Guber A K, Pachepsky Y A, van Genuchten M T, et al. 2006.
Field- scale water flow simulations using ensembles of
pedotransfer functions for soil water retention [J]. Vadose
Zone Journal, 5: 234-247.

Guo L, Chen J, Lin H. 2014. Subsurface lateral preferential
flow network revealed by time-lapse ground-penetrating ra-
dar in a hillslope [J]. Water Resources Research, 50(12):
9127-9147.

Kaushal S S, Groffman P M, Likens G E, et al. 2005. In-
creased salinization of fresh water in the northeastern Unit-
ed States [J]. PNAS, 102(38): 13517-13520.

Keiluweit M, Wanzek T, Kleber M, et al. 2017. Anaerobic mi-
crosites have an unaccounted role in soil carbon stabiliza-
tion [J]. Nature Communication, 8: 1171, doi: 10.1038/
s41467-017-01406-6.

Lai X M, Liao K H, Feng H H, et al. 2016. Responses of soil
water percolation to dynamic interactions among rainfall,
antecedent moisture and season in a forest site [J]. Journal
of Hydrology, 540: 565-573.

Liao K H, Xu F, Zheng J S, et al. 2014. Using different multi-
model ensemble approaches to simulate soil moisture in a
forest site with six traditional pedotransfer functions [J].
Environmental Modelling & Software. 57: 27-32.

Liao K H, Zhou Z W, Lai X M, et al. 2017. Evaluation of dif-
ferent approaches for identifying optimal sites to predict
mean hillslope soil moisture content [J]. Journal of Hydrol-
ogy, 547: 10-20.

Lin H. 2006. Temporal stability of soil moisture spatial pattern
and subsurface preferential flow pathways in the Shale
Hills Catchment [J]. Vadose Zone Journal, 5(1): 317-340.

Moran M S, Peters-Lidard C D, Watts J M, et al. 2004. Esti-
mating soil moisture at the watershed scale with satellite-
based radar and land surface models [J]. Canadian Journal
of Remote Sensing, 30(5): 805-826.

Petropoulos G P, Ireland G, Barrett B. 2015. Surface soil mois-
ture retrievals from remote sensing: Current status, prod-
ucts & future trends [J]. Physics and Chemistry of the
Earth, Parts A/B/C, 83-84: 36-56.

Poblador S, Lupon A, Sabate S, et al. 2017. Soil water content
drives spatiotemporal patterns of CO, and N,O emissions
from a Mediterranean riparian forest soil [J]. Biogeoscienc-
es, 14: 4195-4208.

Sandor R, Barcza Z, Acutis M. et al. 2017. Multi-model simu-
lation of soil temperature, soil water content and biomass
in Euro- Mediterranean grasslands: Uncertainties and en-
semble performance [J]. European Journal of Agronomy,
88:22-40.

Scholl M A, Shanley J B, Murphy S F, et al. 2015. Stable-iso-
tope and solute-chemistry approaches to flow characteriza-
tion in a forested tropical watershed, Luquillo Mountains,
Puerto Rico [J]. Applied Geochemistry, 63: 484-497.

Shellito P J, Small E E, Cosh M H, 2016. Calibration of Noah
soil hydraulic property parameters using surface soil mois-
ture from SMOS and basinwide in situ observations [J].
Journal of Hydrometeorology, 17: 2275-2292.

Shi J C, Guo P, Zhao T J, et al. 2014. Soil Moisture downscal-
ing algorithm for combining radar and radiometer observa-
tions for SMAP mission [C]// Proceedings of 2014 XXX-
Ith URSI General Assembly and Scientific Symposium
(URSI GASS). Beijing, China: IEEE, doi: 10.1109/URSI-
GASS.2014.6929704.

Singh V P. 2001. Kinematic wave modelling in water resourc-
es: A historical perspective [J]. Hydrological Processes, 15
(4): 671-706.

Song X, Zhang J, Zhan C, et al. 2015. Global sensitivity analy-
sis in hydrological modeling: Review of concepts, meth-
ods, theoretical framework, and applications [J]. Journal of
Hydrology, 523: 739-757.

Talebi A, Uijlenhoet R, Troch P A. 2007. Soil moisture storage
and hillslope stability [J]. Natural Hazards and Earth Sys-
tem Sciences, 7(5): 523-534.

Vereecken H, Huisman J A, Franssen H J, et al. 2015. Soil hy-
drology: Recent methodological advances, challenges, and
perspectives [J]. Water Resources Research, 51(4): 2616-
2633.

Vereecken H, Schnepf A, Hopmans J W, et al. 2016. Modeling
soil processes: review, key challenges, and new perspec-
tives [J]. Vadose Zone Journal, 15(5), doi:10.2136/
vzj2015.09.0131.

Zhang J, Lin H, Doolittle J. 2014. Soil layering and preferen-
tial flow impacts on seasonal changes of GPR signals in
two contrasting soils [J]. Geoderma, 213: 560-569.

Zhu Q, Liao K H, Xu Y, et al. 2012. Monitoring and prediction
of soil moisture spatial- temporal variations from a hy-
dropedological perspective: A review [J]. Soil Research,
50: 625-637

Zhu Q, Lin H, Doolittle J. 2010. Repeated electromagnetic in-
duction surveys for determining subsurface hydrologic dy-
namics in an agricultural landscape [J]. Soil Science Soci-
ety of America Journal, 74: 1750-1762.



1158 o R % R #5384

Zhu Q, Schmidt J P, Bryant R B. 2012. Hot moments and hot time and manual monitored data to predict hillslope soil
spots of nutrient losses from a mixed land use watershed moisture dynamics with high spatio-temporal resolution us-
[1]. Journal of Hydrology, 414: 393-404. ing linear and non-linear models [J]. Journal of Hydrology,

Zhu Q, Zhou Z W, Duncan E W, et al. 2017. Integrating real- 545: 1-11.

A review of soil water monitoring and modelling
across spatial scales in the watershed

ZHU Qing'*, LIAO Kaihua'?, LAI Xiaoming'?, LIU Ya'?, LV Ligang’
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Abstract: Soil water controls the basic spatial patterns and processes in earth’s surface system. As an important
connection and driving force, it regulates a series of hydrological, ecological, climate and geological processes.
In this review paper, we first introduced the advantages and disadvantages of different monitoring approaches
(direct measurement, geophysical detection and remote sensing) for static soil water processes (soil water
content and matric potential); and then introduced the research progress in measuring (runoff plot, tracer and
geophysical detection) and modelling (dynamic wave, water balance and hydrodynamic models) dynamics soil
water processes (soil water movement). Based on these, we proposed that the future researches should: 1)
integrate the soil water monitoring techniques across spatial scales, 2) enhance the investigation in quantification
and reduction of uncertainties in soil water modelling, and 3) coupling soil water processes with carbon and
nitrogen transport and transformation. This review paper provides the new perspectives for researches and
applications in acquiring high spatio- temporal resolution and accurate soil water data, and in revealing the
processes and mechanisms and improving the modelling of soil water, carbon and nitrogen cycles.
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