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Abstract: A review about the progress of research on soil moisture inland and abroad was present-
ed in this paper, which was mainly focused on the calculating methods of hydraulic parameters of Soil
moisture, the dynamics of soil moisture, the energy research of soil moisture, the water transfer of the
soil-vegetation-atmosphere continuum and the development of new technaologies to measure Soil moisture
etc. . Since 1980s, there existed a same tendency in the research of soil moisture inland and abroad, ei-
ther in theory or in method development. But the research on forest soil moisture lagged behind relative-
ly in land, and much attention should be paid on the research of forest soils.
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%ﬂ*ﬁﬁﬁﬂiﬁmﬁ$%@§ﬁ,%ﬁﬁu%ﬁ%ﬁ%%ﬁﬁmm,%ﬁﬁﬁ
M — s SRR AT R, 0. BRBR IR T R £ K A R IR B AR T R
SRR FE. BRREPAGTHA - KERESSF SFIT R e I L KA A
fEh g AAK S5 Sl R R T MY HE 2031 P Brooks 1 Corey FrK R A T A Van
Genuchten SRR AR, KA TR #E S I Green-Ampt RS Y K R
I S, MR AK,
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R T - R S AE AR A, BRSBTS RPN (<
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2.1 HIOKARHIE LR S

Parker SV 25 Fl— K /i 3 (One-step outflow) S BB K- AE BB AIK 1165
¥, HTIEPXFRMLE, #4544 Van Genucheten BB RIS, NHFBFEBAE XS
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BEST TR R, 7RI EERE | Kool #1 Parker (1987) 837 T ¥{BH/K ¥ SFIT il
Fredlund #1 Xing!® $2H T 38 + UK HSAE MR TR . Fedlund. 1R M T HE H1%
BORr 4345 TR 1 K AR AE 48 B B . Swanson %01 T I LA B F HLAEMU AN+
WK A A
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1911 4F Green fl Ampt ™V B FEEHISHRH T ABEE, B Green- Ampt &,
Brooks., Corey'S2 {2 TH HIEMAB B RN AR (Brock-Corey A 7); Fredlund
&8I T 3 F R K 4 i 4 TR HE i A+ B B e B ¥R, 1973 4E, Mein 0 Lar-
son' R T # Green-Ampt AN H FRAABIE, HESHTHNEKBGEER,
Green— Ampt ERF BN HTREAS . HEFER. HEFMPINTRENEHTSE,
By LISEM #EIF£ E N WEPP LA R34 i . KIILIK, 8 &M Richard BLE
REBHR I T S0 KA B8 31500 DL R ey i 5 T B B s R L6700
Van Genuchten. [, #24 7 WilAE@fn + A HEZFHH R (Van Genuchten ),
Murray, Fredlund Zf8 Soilvision Knowledge-based system M7V fidpi@ B HiM A (Un-
saturated Seepage Modelling) 72! 36 M A A #0 4 i - BV L. 1) BEAKME L BR
AEAEL; 2) kKB R 3) ST ER ML, A EE R
T A S W K 4B S S Y, Roy 18U B LEACHM # RS2 Jig 7 %
EEE T K28, Sif Kachanoskit 1R 5 TIRIR S AR R LE S KEH
T FE A1 7K Sk BB ] A8 Ak 3R TN 1 K J7 2545 B0 T 38 . Mecke 2513 @ 53 4 S R ZRARIR
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2.3 8K BEEBERR IR

Nimmo Z 85152 1 T RH I H—RB ML (STVF, Surface-tension and vircous-flow)
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AL, AMSELBKEREEFL, STVE BigtE0E B K EMNREmIDES T
BEEWAKEmES, ATRHTFHRA.

h, (8) /6 {T) =hg, (8) /o1.=h," (8)

Pk, (6) A hp, (8) FEMI—BRERSERENIIBKE, o (T) Mop,
SARE—BEMSLEBKMETK . A (9) FRBARE, ES5E8KEAEXM
EREXLX, AEr#dit - BET T HEmRKE.

Shr b, K EEEIR B MR I R R R B K R gk T R B, DR aR#h
STVF AR R, Nimmo (1986) T G, () m¥gmes],

Gy (8) ={lhy (8) ’hr. (6)] —1}/{[s (T) /op.] —1]
(T,.>T)

Gy (6) EBUKE—RE (T) SSERE (T,) HHOKSRMANERSARE
FHMENERZ K. G, (8) R/AARBABOKBEBRNNEE.

2.4 M —RRESE KRS

1966 4E, Philip 328 T 52 % #£ F SPAC ( Soil-Plant-Atmosphere-Continuum ) H§
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R RER -, THEEE, MARSTUHAS—MNERER KE” keBMAER
TREPETANTREKTH AL, FHEHKER. R, hTAIE SPAC RREE
AT RE ML BEYIEE A FEAREEENTT, MTLERAASEPIKE
P, WAKENRSKWAHEE, LEREANNERES, BlFE4EERTHRXE
.

HEr, APAFET 2B —KSRAEARSHEERMIG, Flerchinger S8y )+ 1%
—H G — KSR (Soil-vegetation-atmosphere transfer, SVAT) BIE T EZHXE,
HApaykE A (the simultaneous heat and water, SHAW) J&— A LABLHL B Fhig 4
RET RS REAKEGTEB R EN BHEA, Entedhabi ¥ FiH L BHKH %S %K
BT HRERAREARE (Pedotransfer Function, &% PTF), HEXEEA TR A
K L8892
2.5 FRHEARMRE

HE& TR ERBR KRBT TBEA#HD . MXFERTR T EE Pk
FE. T M E ) A OK B L BRSO E,

HFEGEN LK WE TS (W0, BTE, PPKAEE MR E) BR
PR, LAt A LR B R R A0, R B ST R R BB A G
&% %% (electrical resistance sensors, ERS) RES K Bz MM+ A& &, H
Seyfried  HFHEABMRA: 1) FRNMEEEEHMRA; 2) 2HEEFRNBENY
M, FHie, iRl TEFENLIEEMNT, H TDR KIE ERS WAERNE S KE,
BUS Tt BB R .

BT ERPENEE, sk XREREAN LK S mRRNEER. BILMH
Rl %iRm. SMALEE (synthetic aperture radar, SAR) f£EMEEEFITERE Sem
TEEKBERSGHRBRERGE. AREBATHFENRBRE LESKESHR
OL, SAR SEABEMEIX—EBoR, X, T ERE SARBIMERE T KT EEBES
SVAT BRI &R, DUOKRIREB I KB i JUK B ik BB, i, %
A Sano 1 Moranl 7! fF R H B, SAR BT UL AES SVAT BERER HHY
KEE, BRAXERE, feHE-BEESEHAA (K2M. WHBAER/NBERE
), REDEIEERE T Ea kR,

HET, A8 R E + JOok Sy % MAES, EEWEEE A - 0.085MPa L)
b, Hi—EeBE a8 ) M 2 BARK R I R A4 B, v R R AR & i e BELAR R
(electrical resistance sensors), J5 3, Bouyoucos fl Mick B B A BHEME 8K
%mh

3 RE

SRR, REETIKMIRLE#R RS, MEMENERS, KREREHE
A, {EREIET B O ARUHHRAEE, O D AR REMEA T B ey, A
ESMYBFRE R BTLL, 553 E T K 507 56 DA i 3 e R 7 30 45088 AT B A B
#, XA RELE T R E R

80 #-RLLE, RELHEKAR, EHEI. FEMFRTFOHES SERFER, .
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K FIRE B AN KA E BATTR RS AR, TS T POK S R AEE B 5
%, WREMAREAMEERE BTN K2, B, FRTIOKTHTIH TR
MEL, WHRBMEPENILT TREBR IR T FK T BIBTIT, 05 77 Her FITE R
KM BOK IR TR, Rl SRER T 4T R¥TREMH 30K B R T
fEsh, FRRLBERHNIRXT BRAK A IR B 77 7K 53 50 R X AR T K A BB ST, LASANR T
HRZEH.
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HREMBERARAITERMFR, HSSTEARMES, LRI hEHTRBEMNN,
HEHENERRAREOEE. R, SOENRXTFRAONEE, REBOWMERE, Dk
EH K A AR M RIRT BT AT

B % X W

1] TBM, FEE. FALHDEERASAREERR. £5F|, 2000, 20 (6): 945~950

[2] Blyth.E.M., A.].Dolman, N.Wood.Effective resistance to sensible and latent heat flux in heterogeneous
terrain. 0, ] . R, Meteorol . Soc., 1993, {19): 423~442

{3] Houser, PR.Remote sensing of soil moisture using four dimensional data assimilation, Ph.D diss., Univ.
of Anizona. Tucson, 1996

(4] BRER. THEKEMT MG ERKAR A, H32M, 1952, 2 (1): 30~33

[S] RM4. THOKOMEEEMSREREN, HMSHE, 1979, (1): 12

(6] BER. WHEkMPETEKSHR. LRFHER, 1980, (3): 241248

(7] WE. HE—E— X ESEENA TS, KRR, 1983, (9): 1~10

(8] BEts, #nd, &S, LRSS EERETEHE. KAEM, 1985, (9): 10~21

[9) BEW, BWRFE. LEKFHH¥E s, EEXFHEM, 1988

(10] sPEBEREMAL AR, PEFLIE. JE5, BEEdiit, 1980

(1] feg, FXKZE. FEHE B, dte, B, 1987

(12) BREA%E, ZEFT, ShEF. BRI LUK SRE MK AR WA FREBH. TEAERAFREIL
K HRFEFRETET) (SPAC hRkMiEs SELBIREE), 1991, (18): 26~32

[13] BRECE, J.Bouma. REFH—IKHREE S SFIT BAIX LK A BABIR. HEFH, 1994, 31
(2): 214~219

[14] $IEHE, RREAZ:. FIHSEMIBEEH MR Green-Ampt ABBR R HBH S LS|, 2000, 37
(4): 553~3557

(15] &kEM:. HEFKES TRAEE. SURABRMHEIEE. LH0EH, 1981, 5: 1214

(16] $TE4. SRR LBE<0.0l ZRPH SRS THEBAREEZHYX R DM, THWFR,
1984, 21 (2); 221~222

(17] SRERNE, ZE4PER. PU)TIEEHhE TR EO L RKRE. TSR, 1990, 27 (3): 345347

(18] BAING. THEASRHBRELAHBEREE. L8EH, 1964, 12 (4): 174~181

(19] H3CiA, BMe%. ARIBERE T IRK2NERERMBIAE. LHF®, 1981, 18 (1):
24~ 37

20) H&EMR, HFH. RS K—gR0BEITE. H¥E®R, 1982, 19 (2): 141153

21] Hi%%E, Bk R mpcERRS. HE¥EHR, 1985, 22 (1): 24~34

(2] #BE, BHE% BEEEEA KRR, LM, 1985, 22 (3): 209~222

97



[23] $£#4BS. FHIEBRERBNHEFER. HSHEERAEWNSE, 108, 11 42~47

[24) ZE4rh, ERPE, TREZ HAMELIRENEEERSHRAREEMYTIR. NALSSE
iR, 1998, {(6); 597602

(25] BREE%, Foh. HEREEASEHSHNFEABE TBII A, L@¥H, 2000, 37 (1):
1~8

[26] BRBAZE, Foh. HRIBKGEHSENMEABE T ZREIE. LM, 2000, 37 (2):
217~224

[27] %%, HiEE. REFCIEEA—R M. LR, 2000, 37 (2): 271274

[28] HEBZE, EF, HAFS. —MHmEERIEENMANMERENFE. THEHR, 2000, 37
(3): 419--423

[29] H&B8E, 7% AT HEEHSEKNSEEERATSREBORS. LE8EH, 1988, 25
(2}: 132~138

[30] ¥ (%) S (B, b=, RibBERH, 1983

(31] —F%. W8 KEEmMaTsE. HER, 1990, 27 (4): 454458

132] B, ¥, R$FI/E. HELHAKBRERNE, 85, 1995, 32 (2): 235~241

[33] BEEME, Vaudin Michel. H EME KA LHME I HE I HEENTAER. LE¥HE,
1989, 26 (4): 309—315

(34] BZE, fréidk. ABLOBENES AT REME. TH¥EMHE, 1990, 27 (1): 8~16

[35] &it#, HHBE, BHEHS ATEHISKSBEEARBRIR. 2R, 1992, 29 (2):
175~182

[36] &nf, BEBT, HRE. tEESAKBMEFENSHER LB EE. T BEHR, 1998, 35
{(1): 10~15

[37] W4, A%, T5% SLEB RSt SkosaREFREXRENRRISN. E8%H,
2000, 20 (5): 741~747

(38] Bhzkit. HKSTFE. HNEHE, 1985, (1): 1—-8

[39] BRERE, Vauclin Michel. B EHIRK T KA HMRED. BEHAWKTER. HEEMR, 1991,
28 (1): 66~72

[40] RHES. FAKSTPHENSHEIT. TEALSSE, 1988, 9 (2): 1~3

[41] #=gt3r, \Eor. FPEEEL K MER . PERREER, 199, 1 (2): 25~30

[42] L1, BEss. AL SRNER, EIESEXRANERME. £5%H, 1999, 19 (1):
96103

[43] E—. BRATEKSHRIRSHE. HHRMLTE, 1997, 5: 26~32

[44] WEET. KLEEHu -+ BN RN, Ut KEFER, 1995, 17 (3): 44--50

[45] XA, BigEE, RAFRK., KHFIWKEBEHALRRZERER 8K 0 SRR SR, REEdH
de B, 1996, (3): 7988

l46] BEER, OK#, WHE. BtEFREHAFEATRAITER. K- ERFPR, 19%, 3
(2): 5765

(47] FE, WEE, 8152, EHBA TR TSS9 EERATE. #LRE, 199, 21 (1):
6--9

(48] WEH, TRE, BHES. BARMEERM HEK SN B E. RIbHl KEER,
1997, 25 (5): 5760

[49] B, NBRE, R, SFLFHF TS UBEROSIT. AR, 1998, (1): 2427

[50] B3, H:km8. RAENS 8K RS, ERFHEHE, 1998, (12): 6367

[51] %FH, 28T, HEWUAREPRAEART R AR AFTHRFRERESRATR,
1989, (5): 1~6

- g8 -



fs2) WEA, 2FT, BAKSE. L) T A B RUE AR A AR T AR, E T
HH A BREF, 1990, (6): 7582

[53] %R S0 eSS E S LK R RBEIT. P TR HEMESRETE, 199,
(6): 97~101

[54] Parker ] C, ] B Kool, and M Th.van Genuchten. Determining soil hydraulic properties from one-step out-
flow experiments by parameter estimation: 11.Experimental studies. Soil Sci.of Am.J., 1985, (49):
1354~1359

[55] Doering E J.Soil-water diffusivity by the one-step method. Soil Sci., 1965, (99): 322~326

[36] Van Genuchten M Th. . A closed form equation for predicting the hydraulic conductivity of unsaturated
soils. Soil Sei.Soc.Am.J., 1980, 44 (5): 892--898

[57] Kool ] B and J C Parker. Estimating soil hydraulic properties from transition flow experiments: SFIT
user's guide. Electric Power Research Institute, Palo Alto, California, 1987

(58] Fredlund D G and Xing A. Equations for the soil-water Characteristic Curve. Canadian Geotechnical Jour. ,
1994, 31: 521532

[59] Fredlund M D, GW Wilson and D G Fredlund. Prediction of Soil Water Characteristic Curve from Grain-
Size Distribution Curve. Proceddings of 3™ Symposium on Unsaturated Soil, 1997, Ric de Jareiro, Brazil,
Aprl 20~22: 13~-23

760] D A Swanson, G S, G Savei et al. Predicting the soil-water characteristics of mine soils. Taillings and
Mine Waste'99;: 345~ 349

(61] Green W H, Ampt G A.Studies in soil physics.I.The flow of air and water through scils-] Agr.Scdi.,
1911, (4): 1-24 '

(62] Brooks R H, Corey A T.Hydraulic properties of porous media. Hydrol. Pap.3, Colarade State Univ.,
Fort Collins, 1964

7631 Mein R, Larson C.Modeling infiltration during a steady rain. Water Resource Res., 1973, (9): 384~
394

[64] Parlange J Y. Theory of water movement in soils: VIII, one dirnensional infiltration with constant flux at
the surface. .Soil Sci., 1972, (114): 14

[65] Philip J R.and J H Knight.On solving the unsaturated flow equation: III, New quasi-analytical tech-
nique. Soil Sci., 1974, (117): 1~13

[66] White I, D E Smiles and K M Perroux. Absorption of water by soils: The constant flux boundary condi-
tion. Soil Sci.Sec.Am.]., 1979, (43): 659664

[67] Broadbridge P and T White.Constant rate rainfall infiltration: A versatile nonlinear model: 1. Analytical
solution. Water Resour.Res., 1988, (24): 145--154

[68] Warrick AW, DO Lomen and A lalss. An analytical solution to Richards’ equation for a draining soil pro-
files. Water Resour.Res., 1990, (26): 253258

[69] Sender G C, ] Y Parlange, V Kuhnel et al.Exact nonlinear solution for constant flux
infilteation. ] . Hydrol, , 1988, 97 (4): 341~346

(70] Sander G C, I F Cunning, WL Hogarth et al. Exact solution for nonlinear, non-hysteretic redistribution
in vertical soil of finite depth. Water Resour.Res., 1990, 27 (7): 529~1536

[71] Murray D Fredlund, G Ward Wilson and Delwyn G Fredlund . Estimation of Hydraulic properties of an un-
saturated soil using A Knowledge-Based System. Proceedings of characterization and measurement of Hy-
draulic properties of unsaturated porous Media, Riverside, California, 1997

[72] Murray D Fredlund. Unsaturated Seepage Modeling Made easy. Geotechnical News, June 1998, 52~59

[73] Mualem Y.A new model for predicting the hydraulic conductivity of unsaturated porous media. Water Re-
sour. Res., 1976.12 (3). 513522

« 99 -



[74] Beven K.On subsurface stormflow: Prediction with simple kinematic theory for saturated and unsaturated

_ flows. Water Resour.Res., 1982, 18 (6); 16271633

[75] Binley A et al.A physically based model of heterogenecus hillslopes 2.Effective hydraulic conductivi-
ties, Water Resour.Res., 1989, 25 {(6): 1219~1226

[76] Indelman P.Flow in heterogeneous media displaying a linear trend in the log conductivity. Water Resour.
Res., 1995, 21 (5): 12571265

[77] Kosugi K.Lognomal distribution model for unsaturated soil hydraulic properties. Water Resour.Res.,
1996, 32 (9): 2697~2703

[78] Paleologos E K et al.Effective hydraulic conductivity of bounded, strongly heterogeneous porous medi-
a.Water Resour.Res., 1996, 32 (5): 1333~1341

[79] Robinson ] S & Sivapalan M. Instantaneous response functions of overland flow and subsurface stormflow
for catchment models. Hydrological Processes, 1996, (10): 845862

[80] Smith R E & Diekkruger B. Effective soil water characteristics and ensemble soil water profiles in heteroge-
neous soil.] .Geophys. Res., 1996, 32 (7): 1993~2002

[81] J W Roy, G W Parkin and C WagnerRiddle. Water Flow in Unsaturated Soil Below Turfgrass; Observa-
tions and LEACHM (within EXPRES) Predictions. Soil Sci. Soc. Am.J., 2000, (64): 86~93

[821 Wagenet R J, ] L Hustson.LEACHM: Leaching estimation and chemistry model.Ver.2. Water
Resour. Inst. Continuum, Center Environ.Res., Comell Univ., Ithaca, NY, 1987

[83] B C i and R G Kachanoski. Estimating soil hydraulic properties during constant flux infiltration: Inverse
procedures. Soil Sci.Soc. Am.J., 2000, (64): 439449

[84] M Mecke, C J Westman and H Ilvesniemi. Prediction of near-saturated hydraulic conductivity in three
Podzolic boreal forest soils. Soil Sci.Soc. Am.J.2000, (64): 485492

[85] Nimmo ] R and E E. Miller. The temperature dependence of isothermal moisture vs. potential characteristics
of soils. Soil Sci.Am.J., 1986, (50): 1105~1113

[867 Flerchinger G N.Simultaneous heat and water model of a snow-residue-scil system . Ph. D). diss. Washington
State Univ., Pullman, 1987

[87] Entedhabi D, Rodriguez-lturebe and F Castelli. Mutual interaction of soil moisture state and atmosphere
processes. J. Hydrol . 1996, (184): 3~17

[88] Mishra S, J C Parker and N Singhal. Estimation of soil hydraulic properties and their uncertainty from par-
ticle size distribution data.].Hydrol, 1989, (108): 118

[89] Van den Berg.M E.Available water capacity in strongly weathered scils of South East and Southern
Brazil. [n Proc. 13% Congresso l.atincamericano de Ciéncias do Solo. guas de Linddia. San Paulo, Brazil,
1996

[90] Van den Berg, M E Klamt, L P van Reeuwijk et al. . Pedotransfer functions for the estimation of moisture
retention characteristics of Ferrasols and related soils. Geoderma, 1997, (78): 161-180

[91] Tomasella ] and M G Hodnett. Estimating soil water retention characteristics from limited data in
Brazilian. Amazonia. Soil Sci., 1998, (163): 190~202

[92] Javier Tomasella, Martin G Hodnett and Luciana Rossato.Pedotransfer Functions for Estimation of Soil
Water Retention in Brazilian Soils. Soil Sci.Soc. Am.J., 2000, (64}: 327338

[93] D C Hymer, M S Moran and T O Keeter. Soil Water Evaluation Using a Hydrologic Model and Calibrated
Sensor Network. Soil Sci.Soc. Am.J., 2000, (64): 319~326

[94] Seyfried M S.Field calibration and monitoring of scil-water content with fiberglass electrical resistance sen-
sors. Soil Sci.Soc.Am.J., 1993, (57): 1432~1436

[95] Engman E T and N Chauhan.Status of microwave soil moisture measurements with remote sens-
ing. Remote Sens.Environ, 1995, {51): 189~-198

« 100 -



[96] Sano E E.Sensitivity analysis of c-and ku-band synthetic aperture radar (SAR) and optical remote sensing
in semiarid region.Ph.D. diss. Univ.of Arizona, Tucson, 1997

[97] Moran M S, D C Hymer, J Qi, et al.Soil moisture evaluation using synthetic aperture radar (SAR) and
optical remote sensing in semiarid rangeland, p.199 ~ 203.In Special Symp.On Hydral.,
Am.Meteorol.Soc. meetings, Phoenix, AZ.11--16 Jan.1998.Am.Metorol.Soc., Boston

+ 101 -



