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Abstract: In the vadose zone, the soil energy and water balance and its driving forces are key factors that maintain soil
moisture movement in the groundwater—soil —plant—atmospheric continuum ( GSPAC) system. However, in arid regions with
lower precipitation and water resources, studies on coupling soil water state and movement processes and the partitioning
and migration of energy are important to understand the formation and transformation mechanisms of regional water resources.
In this paper, advances in soil water transport theory are summarized. We also discuss the water cycle in the system and the
possible ways by which soil water is lost under arid conditions, as well as the driving mechanisms behind rainwater
infiltration, redistribution, drainage, evaporation, and capillary rise. This paper also reviews the ecological hydrological

effect of soil moisture and energy processes on different spatial scales. In unsaturated soil systems, soil water movement is
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controlled by the vadose zone structure, soil physical characteristics, plant root system and soil biochemical environment.
Changes in matter and energy balance are the driving forces of the hydrological cycle, and change in the soil environment is
a fundamental factor for change in the soil water state. Therefore, under global climate change, studies on the energy and
driving mechanism of coupling liquid water, water vapor, and heat transport through the interface between the soil surface
and atmosphere or groundwater could elucidate the transport mechanism of soil water and help us to better understand
regional climate and hydrological changes. The ultimate objective is to provide theoretical guidance for the restoration and

construction of ecological vegetation and precision management of water resources.

Key Words: arid region; vadose zone; soil moisture movement; energy; driving forces

TRX G R 30% , 5 EERERIZ RS AR K EE 2 S2 AR AR RN KRS K I & R
TR X AR AR WY 5K, TR R S — AR R ARG R R A A R A A K U A
SRR TR XSS AR S G R A R b B K R JRUR M R K g e i I, R s R—K AR
T AR 2R — - 30 S T SR ) o2 38 48 (9 32 BT, 6 St v - 47K 3 DU 2 4 b R O Sy 26 i R RNl 2R it
FEATRAAR ) — i 7K 4 LARE I A B I A A7 31 - 396K 43R 1A 25 20 3t R 7K™ A S R 7k 2 i i
SO UL IR R M 2R ST SO K A HE B AR (i K o 7E b R OK— R — R A E SR T &
AW B AL AT, AR S R G SRR ARG s A IR B T, A 3K o R R P AR R Ak
TR, KA EAFEAS ] 25 RUBEE 1 AR B R S i 24

TEAERATK S, A0 EHEKZA 165000 12 m?, FR1E 3K 7 St Bk 33550 12 m*, i BRI B =5
60% H A Al 5E A eGSR, I ELIE IR DR e A 15, S N AR L T T R K 0 TR B 1 BE AR T
S K A e FE A AN AR AL BESEE T X K B2 A BR R 8 | Wb Z5 R s B A KA A B R
I3 B FER M ROKBE LT E 2 A A A R RS AL R A B AL E A £ 3
KB, IR SR ZU R MR AR I K, A SR BT B LA R ol b R T 2% s 2 AR R B A E M A B G
)+ K AR BE AR R AR B9 A T R, B o AR R e T 52 XA ke WA/ R 30 e T 4
TCE B, $2 v T I A S A LS RV E AN [RIAR 2R 2 X 7K 43 9 75 3R DL AR 98 A 40 1 A KA B B S T 5
WIZ B I S AR AL AN R /KB A KA BEF & A EENSHME ', 28 & N2
S et b 7K 53 A LA R A, LS K I K Sh A AR A YA G, B St AR FH YT KA i 5 1 K T
W EZ ) B K TR A /0 B T B B R A e AR A AR ROR L, R N KR S B
B ETKRZIRIM SR  WREE TS T R R Bk TR Fnya B

K BB AC 4 S AR Y A UK B0 AR 2 2R G (DG A I B A U i T R K A3k S A
KEBHSESRGEA T HWEZERE" ) T2 XH TR 28 &m0, IR AT LKA
ACHe A R L AR ) B e e R O A B S b R T R ST T BN T e ) R BRI, X 4R R T R TR IX
P AR RGERBNFE LM SR, LS 5K SRR F 1 R g BE &2 % 1 A K SCR S, 7K
SMEAAEIR SN ) R R KO I A R AR, Z Z R R I E L, L, 7E TR KO R
TR K I 28 48 Ry KA 25 K H g B 0K 5l i AR BRI IR S % /K B8 YR 42 A R AT A 25K S 72 49
e R ARSI R HOK R RS ROk, R HOR RIS, LK i 8 i K R sh o A0
3Ky RE A 5 A A K SR S (LA AT 0 R T LAV, 4R AR OR iR AR T R AT T AR, B FEdfE )
AH ISR 5 R ATT RE

1 B88S%KSEBRERLZRSNA

F N TR I R S ARG KBRS (RERANSK SN 2E G2y, S B A RIRIIEA, dtiig L
T2 eIk AR SIS, LKA NG | 2R HIE , W A S BEVE R 2  AE B X

http ; //www.ecologica.cn



18 1 JaI 5 XAl K s B e G R MRS Ty Sk 3

PRI AN [ 3 A2 R0 A B2 B GR T R Sl HHK s B S RN RN AR 5 12 . Gardner 25T B A IS HE
RS KR IEA LI FR , Green Al Ampt RGBS T Green-Ampt AB ALY AR AEAE 4 0
BT P FLRN B Bl 3 2% P A T A9 P R BRAE R B 5 1931 4F Richards X 5K it & W], 145 1ok #4455
J Iz RN, A FR 2 2E A LN SRR LS B AR RN - AR 1R R+ 8K E B S s A I, I HLKE
A K B BRSO RIE L, (O R K o is B e B BRIE 2 — IR T A B B 2
AT RIS K o AR Ee AR RIS (H i T AR O e i # e 1948 1 32 3 T Pk ks 208 e R
SEAE KPS HEA 5 Y, BJS 70 4RAR3E 12 | 655 [ 2 AR AR BB LAl i) Hh A =X h K o ORI 7 T
T, 8 230 S T VR O AR A S K M B B I A RO R Z — o Sharm S5 R FIZ O EE9Y 1 WK 28 % S Ab 43
i, A KA S R UK OCR Y AP SEERHES Fabishenco 38 H A PR - SR 10 [0 50 4 TR it
W (H T e B - BOK e/ N RUEE NIz st B8 10 SE PR B DG IORUEE | IR A 1 22 [l REL R Ak
R S YA A I v & S e SO i o i L WA S0 ko e LN S T B S D= W (R
Prep Aok 2 AR BRPE (R 1) ¢

F1 TEKIPEBIEZERLERKENA
Table 1 The main theories development and application of soil moisture movement
A B B KB YRS ] i 5% NEFH 4 R B
2 FR . . . .
Theory types Theoretical Driving forces for  Assumptions The application
principle water movement conditions limitation
P, SR MRS, FL e ‘
R il ey TEHALBOVELAIR R B4 AL ST
llary potential theory -ty 38 '
Fok I - . ;
o JO7FH J5T S 1 R k1 I " N, SR AR SE PR P 20l B A
il moisturt i i 7opS
Soil ‘0 sture B T HOKH2E R RN P I FUE J 31 e
potential theory
U ) . s KV E L T AL A
z\ﬁt 15 W, }\ 1 iR ‘ ‘lﬁll 2 2}1\ i
):m%IEug E%gﬂ%_ﬁﬁ?@ﬁﬁﬁ ST S 3 %ifﬂ( Py, B2 T 1T K S 9 4
Laminar flow theory Kiiz® IKIKIE —
2%
TR B S BR HEGRIIFER T AE, VYR K NB AT R I AT, 38
Weting front PRI IR AT LS BAE W RS TR et 11k AL e o 1
infiltration theory 231 =R AB
- - N ESTR )Y AL A= R
T i ] PRI T 3B B AR AE K - S R R Ao PRTEESE
Zero flux plane theory P 2 BRI ) o — 9’6\5)1@&1& P, H5 iR 22
K
bR S HACRTEBENABHH  LIEA AT IERZERB B AR RO AL B 2 7
Preferential flow theory BRI R PR | et ETH LR B EmERE S
RS SFEAE A KESEREE XA KIS ABRAES AN ENREE R, s
Chaos theory R Roe A5k BB B o T e K RUE

2 ASHKSEBES

AT ORI B WAL SR SABRE GRERRE WERRIE BB A K AR KRS AR
W I B ENTUA ERACRIT R e 2 B TR e, A7 1940 4F Penman S5E A L0 7K
SriE R TR A AE RS WA S TR AE S RS TSR] 43 F o W A B A, BEJS 7E Philip %421
(1) PDV AL {5 7K 4338 bk 43 0k SRR | JE SRR L S IR VR AN AR SR IR VR A S R HK FE
AR AN R TN R SRl + OK AR R AR BRI TR s SRS

FETRIX IEF K AMEOT  IRZ S K 5 S /K, KRR B R S TSR | RS T AEAE
BT HAIR S1) FHAIK 2 SR AR PRI A 2 % Tokunaga S5 BIF5Y & 33K 43 K i B RE IS Ak

http ; //www.ecologica.cn



4 JAE = 39 %

FLB IR 2 i P, I ELAORLIAL K 70 M J RS R PR AN 28, B 28 6 B R 2l 9 B A DRl 2 A /K WS TR
BRI FEIERDY . ARSI/ ST W AT REFE R /K /s Bl B h i A 5, I UK o
WA AT/ N> ) RGBS N T B R4 Madi 455 1o A B ST A 5 T K P A
TRIREE Y B BE R R B S KRS B0 FUESE 7KK M AETERT . Sanjit %58 i Hydrus- 1D B4
PSR PG R 5 XA /K P e BUKE BE  K29 109% " IR ZE VD B R 2 2 em &b, 35X —H00 Al
5 25% %  IKIRAE RS TR R A AE Pl R TSR Bl g R VA IR RS, HLAAER B K VR R AE
REB s o5 1L, A A KR A K S oA Syvertsen SEBIFSE A UK VI T A 3 A0 A
R VERIRE S AR BIR Z= 15 P T A 15—35 em )?:—'/J\Elﬂ‘iii%ké}ﬁ 40% TTHRAR 2, A, % R
IR TEZSAE T BN T R IR K 43 Pl vl AR SRR LR B, 2
BRI ASAEAN R St 1T 22 [ e (A 35, DAL HO A X R o i — /l‘ﬂizazgfméj\ﬁ; ABIRA V2 A 2

3 ASHLIEKSEAREEDTE

Wi Hb /K BAICAI A E] Philip F 1966 442 H (19 SPAC R G ™| HBTIE L T 80 56 # 1  F K—+

HE— W) — KA E LR RGN ( Groundwater-Soil-Plant-Atmosphere Continuum, GSPAC) , & % — T /K45
BRSNS EEXR, TETRXIKMER R G KM G WA FESR(E D), B
VR A I 22 3R 4% 25 DR AR T B AT | S i BRI 38 fE /K o S Re s AC R it T, A K gris %
b R T SR K VA A, LU K 43 L ] k3 ST A G e RN A G A AORT R R DL R I S T
IKFTH . FEK LR G, QRS A3 K T & WK B VR 2 — > RS, M R GRS AE 1 TR DL Bvk B2 A
AR T , RGN Z [AIA RE 7 , REAE TR . — BAPEIR | it S B RE i 5 78 F
FRATAC, T IIK AT AL il | WOBORN A3 Al 23 R AR s . AR 1996 AR 5K E GO T TE AL R AR
WE T HHOK I IE AL, T IK AR ECT Y35 A RE AR S TR — /K I B PR e - 6 g 22

g@\/l &H
3

. ,\ﬁﬁ wi AN

//f %»gu

mﬁﬁiﬁxiﬁ w

*E‘c? — |3

R —
R AKKM A

1 13k 7E GSPAC BE ARG F MBI TE

Fig.1 Characteristics of water circulation in GSPAC system
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