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Advances on soil moisture evaporation

OUYANG Bin-qiang, TANG Chao-sheng, WANG De-yin, XU Shi-kang, SHI Bin
(School of Earth Sciences and Engineering, Nanjing University, Nanjing, Jiangsu 210093, China)

Abstract: Soil moisture evaporation is one of the main processes of mass and energy exchange of soil-atmosphere, which has an
important influence on soil engineering properties. It is also the direct cause of many engineering and environmental problems,
however, this issue has never been taken into account in geoengineering disciplines. Based on the recent research achievements on
soil moisture evaporation in other disciplines, the advances of some important aspects on this topic, i.e. soil moisture evaporation
capacity determination, test method, evaporation process, influencing factors and theoretical model, are summarized and shown as
follows: (1) To accurately determine the actual evaporation capacity of soil is one of the most important tasks in soil moisture
evaporation study. Generally, there are two categories of methods: theory calculation and direct measurement; (2) To carry out
evaporation test is an important approach to understand soil moisture evaporation process and the related mechanism. There are two
categories of tests: laboratorial test and in-situ test. As compared, evaporation test by environmental chamber has better application
prospect; (3) Soil moisture evaporation process can be divided into three stages: constant rate, falling rate and residual rate phases; (4)
The factors influencing soil evaporation can be categorized as internal soil factors and external environmental factors. The former one
mainly affects soil moisture transportation characteristics, and the latter one mainly influences evaporation energy supply intensity; (5)
Many soil moisture evaporation calculation and prediction models have been proposed, however, they show some disadvantages such
as large errors, narrow range of adaptation or difficulties on parameters acquisition. Based on the above understanding, and to
combine with the research background of geotechnical and geological engineering, some important research topics that should be well
investigated in future are proposed, including the evaporation mechanism of falling rate stage, the quantitative relationship between
the soil properties and evaporation rate, soil moisture evaporation and transportation mechanisms in clayey soil especially in
expansive soil, development of high precision in-situ soil moisture evaporation test apparatus and construction of universal soil
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moisture evaporation theoretical model.

Keywords: soil moisture evaporation; soil-atmosphere interaction; experimental method; evaporation process; influencing factors

1 51 5

T ARIK Gy ZE I AR KA TR R AT 11
TR —, WRAMRAE K P E T
I N o R S BN T N O B NT (= L Eeia]
KASMENH, TR TRS0EN. HTREkS
O AR R A A A A A, B B AR T
FEMEFUR A4k, VI 22 TRERIIASE in i 40 B 42 5k )
B HERA K,

WEARRERT, LS RAERGAZE, 5k
SEL 1T U I N1 AT w5 R O e vt 8
(WK 1(a)). Silvestri Z5BVR B, R4FEET 5, 2
TNk Champlain %+ 9 VF 2 @30 # H BLT
FRAR R PRI S 20 4] 70 AR E R
FH Hb X T 90 FEAR AT MR bh X 38 388 72 B 52, A
73 Jm R AN I ST I 2 i, 3 B R G
ZRE1OT L] 1(b)) s 2010 473k [F G F Hi X 8 38 7 4
—IBRENT R, R E BN R 2 4 s A
P IR T AR R, ARA R RS TRk R
I bR AR T BE AR . AR LS 5
ZERAR TN TRE ) AAE T . R A b 5 P A5t 5
VP X B i 2!,

|

(b) TRERLIER (o) THRERPEE
i R IT2(Fa ) KA T2 )

1 5TRERAMRHTRERE

Fig.1 Induced engineering problems by evaporation

(a) HbIE 78RN
feisiin- A AN

MARE|ERER, bARTPIE SR H KET
T, R E AR TR L R R BB L
B 1(c))o TARZBRIN H I BOR g5 A0 A4 ) TR
Jits N KARR R SRR S ide L Bl 3t
TG R L AR AR, BRI R
FENFKNBR LRI, i FEIcERRAED,
TG 2 AT I AR B IE R, XK TR
7GRS . 2007 4 3 B 5 PCHI DR 145 T
TEAE 1200 JeK e RIU™ BT, FOE MEREG, H%
T 28 SR AT Sy AR 7 35 I A SO 1) e
i RET, mTRNEKERGEAL, SR T

B B ARG TP IR P ANEE Y, b et
AL EPET, R Rk AR A DR il & S BUT
TG EM B A B R TR, YK
T 8] S B T SRR, A RSN T
TS S TSR PR % 2% T A O A% R L TR
W, SR ST S T dR Y, BT A
FECRE R BRI A LUK BRI “8.87 HE
KEARGEERNZ —, Mo, FETREMETE
HUIX, 28R IR AR e A 1) = R B )
X ARMEAE P AR IR B A R N fe T, b 594k
TR TR,

BT DL, AR K 23 28R ) s S 5T 1
KA TER . FREE. RAEEZ AN ERE, B
SEM I PE . LRI SR, 2 AR R AR
s, M AR R A, A DI R B
, SRtk E R, i ESR SRk
Geit, AT 20 HE R AR E TR E R LT 40 4F
FEm 80%, AT FHiE N AR & U R 4
1 526 127G, 295 [F#14x [E43%) GDP [ 1.47%, &
PR K FEIE A TR 1.5 4%, YUk T/EE
BN o AR, AEE b T RR I I TR,
5 b AR5 AH AR A OC 9 3 R BR T i b
TS AV I VAU F IS Tl fh )5 o 7 TH
KT RN EWFLT AR D, R
W AR W B Fr b ORI T Aok oy 2
RO SRR =R B T Aolk . 8RR AR}
SRR, AH TR SR H ARTR], AR RE
M ARG AR AR, RHZURE AR
JE, CPFEGEN TS L AR TR R SR R
IRBE b AR B AT A 0 IE AR R R AR R
IEWRERE, SRAHOCK B va Tk & H 2.

AR RO AR AU 2 1
AR G328 ) R TR A (PIRIE 0 R SR A At A
TR R T R A BRI
DRl 35 S B AT A6 LA EE 2 7 T 1 A8 PRt 7 B
R RAT T NH, I GARERE 5, 1T
R RAZ I T SR ) e ARSCTAEAT Bh T L
FEATIS I ARMIE A 53 58 4 i A TR Ak 5 28 R B
FILART, A G A SR L T R A X
LRSI TAER L S



53

DRBHGRIRAS: AR IK 7> AR T2t 627

2 MK ER R E Tk

i€ B AR T AL R TUE R I sEbr 28 4 =
—ERARME . N UR A U I 5 R A
m WRRZIRERITT AL e 0T R A A AT
Ho ARRCE/N BN KR AR J T
FEVERT. AL, R SR A VR R K52k
ZE RN T A R T AR A R S

T 52 b AR K 73 28 AR K ik 2 A P vl
PR TR E RN . X TR, B WA
A TT AT, P TR R T MR
SR R 2 50 CRARIGLE G S 4. iR
P28 e SR B, TR A B v 55 VA el
CLEREH S G FERRI Ay A W LR £LANE JK
Fn AKSCEMIA G A5 . R 1 GRS T & Fh
PIRFA B N PRI 3 C T N7 S U

B TR TR, BRI ORI R AT

FLAENE . AR REA B K AR K
IR o i . P, 285 R R T LA
HEF IR AR AT ARE FAARREAT Y. S 7Eio rh kAT
i, EEOE R AN I, NS K
TAER, e 28R o R, W LIIAT K1
ik, ZRRNMURIZ Rk ZRIBEN . W) LR
WFEBARSE . AP REATIN, R EHE I E AL
T FZHENTT IR GERIKIRIE R, HEMifhE
R PG R AL, Ui AR DGVE SR R ARG
S 1 g T T (SO H T R R LA B A
KBS AT BRI, DASEAS Ak Sk gk
KARHERN T ARSI O LY B e
it i, o ELU R ORIV
FLARMESA, 0 B R P B R LG m kL
T T AN 7853, 10 HL s FEAH ISR BT I A B2 2%
TG A A e, H R A DG A
K& LRI R I I O,

R 1 WRHKNTAAKIREENE R EE
Table 1 Summary of theoretical calculation of soil water evaporation
Jr AR A 52 i A A AR Z % R
iR SIRE > "‘ET‘/\'“‘C-‘\’ e R R . §
o PP A 2, E AR, (A1 TR 01D
LLAMEIRTT i) @g;u&ﬁ&ﬁggiw’ﬁgiﬁﬁ£+%*@ﬁ%mﬁﬁ%%&%,ﬁﬁﬁyﬁm¥kﬁﬁ%%ﬁﬁﬁ [24]
R e
o s . FETE UG TR AR BAREOR AL A2 B B B B 5
b SR, LA EARIOPIERL, — \ D
K s LI by o o 70 RGO SR RS 5]
% m5¥@&$&ﬁ~EMMWf%%ﬁ%%&i%@%%iéﬁmﬁ@f,Mﬁ%KQ%%%#Mﬂ,ﬂﬁ%ﬁuﬁtﬁ 26]
. Rk IS VSIS
REFEA T~ SEABLBE: AT AR B KA TAOALIRES , WU TI 7 1N 255 18 T 5 44K 23 28 5 B R4 4 BRI A B 4
B RNy R A S o ARG LI T )OI R E 2 T i R T M 58 A B R AR MR A1 T B ARk sy [27-28]
% LRyl MR FRINEL, HAELURHAR) 280 A0 T AR 28 R ) T 5
; ﬁlewa%¢ﬁ&=éﬁ%%#ﬁ%ﬁ\mﬁ%ﬁ#ﬂ%ﬁ%ﬁﬁkm@%%%éﬁ%%ﬁy%m#%%mﬁTﬁﬁﬁ
™ SHMTQEH%#ﬁﬁﬁﬁﬁo@ﬁﬁ%%m@%%ﬁﬁﬁ%ﬁ%%WNKWE%%E%ﬁE,MRﬁﬁﬁ~EW%? [29]
; IR TR 7K r R KK R A R A B RSHREL
Vi meren e AEARMEBE KUK TR R GRS E e o ez o S B b s
;%mﬁ?f%ﬁﬁmgﬂgkﬁw%ﬁﬁcm%ﬁg‘ﬁgﬁmﬁﬁ%M?ﬁﬁ%#&ﬁWhmﬁyﬁ¥ﬁ@&%#ﬁ@ (30]

o N e S A
Jrik: R FRR 1 B 7 B s 2 NIRRT RO AN G, AfELAEE

3 LRI ARk

LK KR L — KA IR S
CGIEE ARRURIE . KPHARS . XS M4k H
G280 CERFR EIE 0o TR
W) IEFEE . BRI, 6 AR 2L 2%
SO RERATRGE . RIS, LSS HEf i
A LA SEBR 2RI H 10, sl 20 ER 24
R AR AT RS R A i o 3 25 L4k, [EN
HhEFAR N T — R AOK D 2 IOR KT %, JEIT
KT AN IZE ARG SR, HAE R 7 K
= RS AR AR,

(1) FRRE: % PRE AR ZOR I E 3
T AP R I P25 T A K 4 2R =K R
B, SRR R L R R T IN . EE
T BUR R Eal F A It BEE IR,
B &R R S5 A, IR, UK. KFH
FESAE) LR G RRWAEAKIEAT, X T kZE
KRR RN S T A DI . 6T
5T 3 P 28 BRI 7T I S A SR BRI ke pi ] 2 A,
* 2,

AR K A3 PR T e 2 DN T A 2K R LR A
(F0) ZERIESE, IXELT7iEE H AT e M e 5 3 1)
FENWE TR R T, HAb S FPAHOC



628 b +

b 2016 4F

W ZE BRI 5 S DL O SRl Sk 1y, Lt
3 3 Ao S e R I PR S e, e
FAt AR RS IR S50 . SR 2800 5
IR A XGRS 5%, e AT RERU S 2%
% & S NVSE WL iy I T ok e S
oo B ERSHEEH] 1847 ARG AT A
SEJTI, AR IR N LRI AR T VA T iR
LA B AHE) B 12

(2) Jprikse . JeUArisae B A 2 il g A A
TR ORI 28 A . 28 CEZ T B
& LARIK 285 8, Al oy BRSO RRR P
FRAY, FRE B L Sl HARE,

IS 5] [ R PR 28 R 8, T4 BoAH DR IRk Pl g
T AR ZE ks, —REAREIRER. (i
TPE ARy, BRI T Ko s, 531
WS bR tE AT o AR A 2B A0 0 R KA
frifl, e A KR BE e Az A,

TR R #87% (micro-lysimeters, [&jF% 4 MLS)
T Boast "AGAE 1982 FEHR Y, 20 AT 90 4EAK
i R ES WIS AT HEE N, RS
I PR S A AT A, AR A R AR
R HET O AN TR AR K o 2R I
%, P25t 7 HoAth & Fh gk R i i 78
ld547]

K2 HOKIERENREITE

Table 2 Summary of laboratory experiment methods of soil evaporation

e A8y v SR P A B Pl
i 2y I IKAMIER SN
e DURNERM T R, s 08 IPOREEO LR
iRy s > T LUARIR K AR A s 26 R k3 i o PRRIITR R R >
%7 Wi b e
RPN R, RUES R R o= R e 3= T e
THGEZELRE  HENE LERERUR, SRR AR R Bl AT LK 5 0 [33-36]
S MR T FR B4, SR % e s W
FEAA L RS I KB RS, TS s TS 50 i BAT A BAC R . [37-38)
ek AR R
R TR R SR SR, R BRI R B, R Ok R
RUFRA S P IEE) I G 5 76 R DU B 5 L AR AT A KO AT AT M o (PR AL s, RIERE [39-40]

AR

4 TR ZERILRE

FARIK > 28 R A R R AR FL B R (KK 23 3 i 7%
KM CE=SF D AR AL AR5 KRE
W AR AR TR . MK 2 RAN R T2K,
FATARR R ML R, 3 M B 5 25 R K9y
FEARRI R Z LA TP AR e, A Rk Hf
M RAE AT MESEWNRE R, %R
5PN AL IR . Hillel ™8, HAAZE R
RARAERFIG AL 3 DA (1D RREEI AR LN
DA AL 2RI I HE: (20 KA AR R UK
TR S, A2, (3) ik
P AT R K A N B AR T Tdso 25170,
PRSP LRSS, 6 b K o AR AR AT T I
WEFL, MRS A AL M2, R AR Z8 Rl
FEI3 49 3 A AU B CILIET 200 (1) s R B (4]
W 2 28 RO B (2) WOl B (R id%
FEIRHT B (3) BRARBBL (R B i 22 i
BOo ARG & LARSLBUK R AEIRAS . FLER
SPRIRFIE SR - L RO E AL, X B3k 3 ANprEe
PR RMLHIEAT THRS . AN, AT 2738k Aok

I RS RERN T A B BV R R
&[5]]0
4.1 HIERHB

WA BU BORAEAE AR, R ()AL
W, ARCEREOR, HARFHEE . EzbrB, Lk
(¥ 7% A KT IS T AR ) R A R N2
Ko, FREAR A GRS, 2R
HH R oAk BB T BT

T AZE R AR, B KR BRI A
ERFAR R, FLBR AP TSHE T E HUK, A
YO ARSI A KR 200 (CE—"3%
i) (LB 2(a)). FEMRIREF, LAk A Kz
i AL, SRR AR s AR P e R
e T4 7e B BRI 28R BrisRe i RERL,
MR AT L A TR B B, AR
T 4R A PR 287U, 28R U RN 2%
VUBBREEREARLERE AR . L, 7R ERE, +
PR R 28 R TE A (R R/ T2 R e T e R I i B RV b
SIABEA AT, PRIR I e, LARMIIR AR
FAK. WA, Ritchie® i, KGH LK 2SI
D88t 2 X 28 R TR A R



DRBHGRIRAS: AR IK 7> AR T2t 629

WHRME | WOREHE |

R
FAR

B2 EHKSEREE 3 HBrEEY
Fig.2 Schematic showing the three stages of
evaporation from soil >

Bl 2R ANMTREA T, 2 E S kb 2
TR 15 (£ P =N N S S SE N S WA
TCE R AR TR, W ARG Beai o), JTanit
ANIRIERP B WHAEOL R, AR R L E
PRI R BORH . )i S5 2K AN — M E [
e MR T AR R L TS A
4.2 IERHE

HI T 2R AE IAWHHFE LR Ky, Sk
BN, R ALE R 0 A K AR A, A
R T - AORE 1] (R LSRR T B T A B2 i, ORI T
¥al (K 2()), LWRIEHHR. WA,
T ARRM AR AR, el L — S 28R
B BB BEWENN - TR 7K 531 (KR 3 7 A — S (K R
VR, 8RR T N7 A4 B Bl Y 8 e 4 o
B

IR BOR AR A, R R
SR DTSR Y st S RIS TR 3
DR B AR R R 3. —OA R, LR ET
BRAEAL S, ZBT B AT E B A AR A A
HEHRN LGN T4 N J LA 71 -

(1) =" W Z R BRI . 255
IKFART R AR AR AL A AR AR
& BRI S T EOR ) IR SR, B
X AR T R 20O IR /), AT S B
TFT RIS 22 9k » K 93 ) _ETEAS R 9Kl T 9k o
Wilson 2RI, 24 -k i AR 2748 A AU RINR
AN, AR AR B R BRI ] 5

(2) KT HBERB R LA IHBIE R EPFK.
AW s B AR AR AR FLAR LR
G RN N\ 2 p i B EI S

(3) LIRS TN KT Se R R BH 32 T
BEOR o lHAEDLR, LrhoKAT B K 52 G 7K BT,
S5 KT o) h g g A KR Es K . AR

WK ERZE K, RIGHKOOZ 945 B /KR5S
Ko B LARRE AL N SR AN IR A (FRIR
FERNREE) AZREOLR, BEAE B KSR,
ShE 7K EE B BORBOR, AR 28 A H 0 SR Yk
Y

(4) AT K 7318 7 O s R B 41K
A28 3 B R I I 4 AR AR AN )
K =G0 ) LARIRE A, Wil 1(c) P,
T JEALBR K ki R K 4313 i 3 B e X
BT R RIA R, §HOR R
HBAKIEN T RS REIIFZ . 1ok, FLBK
Hh 3 P A A AR IE 25 TR T K 3 B A R+
17, SEOKEH AT, KT B2 K i iy
IR NEPS VTR0 S

HUCRT L, EDRE R B, 28 A0H AR/ T2
S EAR PR B AR AE S L L BE R
T IR RN AR T K R DA SR 28U
SRR H BOR ZR 0 IXLER F AR FIH T
A G KRR SR ZE R REAE, LR 3
YE HURIRE L KK~ A B AR AR,

43 REME

WA 2SR T, 4 AR AR TR, ©-
A B 2R K o Bk D, B KA
1855, T ARFLBRUKIIEB IR AS,  Ho Aok s 3=
LT T JRESAHX N RALBR Y, 5235 LR 1 2
WAEHR . LA IRE/K DTGk HE M
TR, KA R IEE LUK ZE Y O £ ST
3, 2RI T4 I IIH 4 B I 205 R B B I
Bl 2(d))o ZK53 FAEFLBR P 4 o 22 38 il 22
18, JCHAEHTIIR Tl R b, Ak E B
BB, LD, FLBRE T 2,
XF K3 1) ) A B T 1 BELAG -

I 2 AT, BB BOK BRI, AE
ERFELARAKCIN ), (HSEPRZE R BN R B
B N 1 T N e W= IO AR e D DS & TR
RIS, ARG OEEAT . AR
AR S KARREGE T PRI, Z8R0M50, It
IS L AR B AR 5 A SRR PR BB AR
N S O M B R B AN RN S SRR /A €]
YK AIRAR,  IXH 3 KT R AR AR T 7K e
BRAR T K Z RN — 5 L BUs o B VI OG,  AETH]
SEIRBERAT T, SRR LA R 2 () AR AR T
P E N YN



630 b +

b 2016 4F

5 BRI E KA N R

RSO ARy 2R RE R e M el g, AR
K> RGN ZE R 73 PR — g BB IAT 3R
COANEIN R o, WIS R ER RS LR A
S KBIPE BT GSRRAE S TR i A A 5%
MIRER, A LS. SRS R KA HR,
TARZE . FUBRO/NRI 3 (045 . IXEB P 3R T
TS L AR R T K S ik R ) . AN ER
FERRERBARMME, Wi mi <.
HL L R KU B NI R X s
B LA R R e R AN K.
TR, LRI B R RE 2 RIS R A
ML, AR FZ R B, 2K
SEWAREEA PN 3R 3 TG, T RN Ak
AR EMTE DL o

R3 FRRELEASBEKOHLERRR
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