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An Algorithm for Computing Soil Moisture Content with Hysteresis
By
Hiroshi Ohkura
National Research Center for Disaster Prevention, Japan
Abstract

Mualem (1974) proposed four equations which express relation with volumetric
soil moisture content ratio § and capillary potential ¢ on and within soil moisture
characteristic curves. In this work, it is pointed out that the four equations can
be reduced to only one equation

i - Ba(T) —0u(Ti)
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and that of/o¢ is expressed
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for wetting process and

30 _[u—=0u(Pn) ) 0u—6a(Tn)] 30w(Prss)
ag [0u—Guw(Tn) ] ag

L 0uw(Pn) — 0(Tn), 20a(Pni1)
614 ﬁaw(Tﬂ) Gqf}

for drainage process, where 0u(¢) and fa(¢) are relations with 6 and ¢ of main
wetting process and main drying process respectively, and 8y is value of & at the
saturating cross point of fw(¢) and 8a(¢) (and ¢maz is value of ¢ at this point).
P; and T: are past and current values of ¢ P;, T7: and » are obtained by the
following operations,

< Operation”™> Examine new variation of ¢ upon following test. If ¢=¢zero,
where ¢zero is defined as value of ¢ at the drving cross point of @ and g4, then
execute <Op. 1>, If ¢uero <C¢<¢maz, then execute < Op.3>» for wetting process
and <{Op. 4> for drying process. If ¢=¢maz, then execute <Op, 2>,

<0p. 1> Let n<1, Pi<—aero, T1—>¢zero and Ty<—¢), where ‘<=’ means the
operation substituting wvalue of right side to variable of left side. Return to
<Operation>>.

<0p. 2> Let ne1, pr<¢maz, Tiv¢maez and Teo«¢. Return to<Operation>>.

<0p.3> If Ti=¢zere, then execute <Op.3-1>. If T\ dzere and ¢=Ty,
then execute <{Op.3-2>. If T3 ¢iero and ¢>T%, then execute <Op. 3-3>. <0p.
3-1> Let n<1, Ti+¢ and Py«<¢. Return to <Operation>., <0p.3-2> Find the
maximum value of i 'that satisfies {=n and ¢=T; then let n<i, Tae¢ and
Payi<—¢. Return to < Operation>. <0p.3-3>Let n<n+1, Tr<¢ and Payied.
Return to < Operation>,

<0p. 4> 1If ¢<Py, then execute <Op, 4-1>. If Pr=<¢<P,, then execute
< Op. 4-2>. If ¢=Py, then execute <Op.4-3>.

<0p.4-1> Let Pry1—¢. Return to < Operation>>.

<0p. 4-2> Tind the maximum value of { that satisfies i=<#» and ¢ Py, then
let #— i-1 and Pns1<¢. Return to < Operation’>,

<0p.4-3> Let n<-1, Pi—¢, Ti<zero and Py<—¢. Return to <Operation>.
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Fig. 1 Schematical representation of capillary hysteresis.
Paths BC]D, DEFB, FG and JK are curve of
main wetting process, curve of main drying
process, primary wetting scanning cutve and
primary drying scanning curve, respectively.
Paths HI and KL are scanniug curve of wetting
after a series of alternating process of drainage
and imbibition, Paths GH and LM are scanning
curve of drainage after a series of alternating
process of drainage and imbibition.
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Fig. 2 The filled pore diagram in the 7, wHET5. .
= olanetor matn werk . Fig. 3 The filled pore diagram in the
£piane:1oT main "Welling: process. ¥,p plane for main drying process.
The shadowed domain indicates The shadowed domain indicates
portion of pore filled with water. portion of pore filled with water,
At this wetting process the At this drying process the dom'am
5 \ is reduced by moving the side
domain is expanded by moving DE upward and the side EF to
the side DE downward. the right And the point E moves
along a-diagonal line of OB.
Table. 1 Correspondence of ¢; with P; Table, 2 Correspondence of ¢; with P
or T;, and N with n for main or Ti, and N with » for main
wetting process. drying process.
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Fig. 4 The filled pore diagram in the
7, 0 plane for primary wetting
scanning curve.

Table. 3 Correspondence of ¢; with P;
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Fig. 5 The filled pore diagram in the
¥, g plane for primary drying
scanning curve.
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Tahle. 4 correspondence of ¢ with P:

or Ty, and N with # for of Ti, and N with » for primary
primary wetting scanning curve drying scanning curve.
i1 2 i 2
g g P e g
T’z Tqﬂ'zero T l ¢ -
n=1 n=1
VelR)=LR+LO—~LENHR e (12)

Efnh HU=1&1, &bic, R to—xr—siims L, H, 0, &a% ¢ OB

ThbbT &, 1), BXrLHANRED.

L (90) = Olw ((f")) ...... (13>
H{)=10"2(¢)—8" u (/6 —0 () (14)
PR D A A B KR IE, 4 DI 5
0/(Pm2 g, P) = L) -+ H (@) (L man) — L ()
= 0w+ GG @ —0u@)) e (15)

b ot &l0(Y00) OB bunin ¢ ETHL LIzDD, ¢ ETHIMLA
ZEETT.
DWHGEROEHE KR, W5 OERM 5

; ’ 8 () — 0" () S 169
P B R iy e UL ) 6)
Eirh ZOLE, ¢ ORI ¢ ma B ¢ TEIMLZE ¢ id LTw5,

WK & FECR R L o o AGBRRILIK 6 OHIRE S 5

— 138~



RO Lk 25 ) v ADFE7 AT Y X a—KE

' oo
/ ]
R .
ﬁN—1 drying
R3
R1
1
vy P
6 Bk & PRl L ko Bofoits Bl 7 WK EHRAKE#RE Lo kiE
-3 % B w3 A R
Fig. 6 The filled pore diagram in the Fig. 7 The filled pore diagram in the
¥. p plane for wetting after a 7, ¢ plane for draying after a
series of alternating process of series of alternating process of
drainage and imbibition, drainage and imbibition.

Table. 5 Correspondence of ¢; with P Table. 6 Correspondence of ¢; with P;or
or T, and N with » for wetting Ti,and N with % for drying after
after a series of alternating pr- a series of alternating process
ocess of drainage and imbibition. of drainage and imbibition,

i1 3 n  n+l ii 1 2 e« < o  a+tl
P i i g v o P ¢ P ‘ ¢ [/ P T ¢ ¢
Ty 2 e ¢w Ti T
n=N/2 n=(N-+1)/2
’ ‘,”Jz ¢)_ ’ ’ . _n’ 0’n‘.<‘j{¥)"‘@’w(¢~)
) (qum qﬂjz QDN =7 w+Eg w(qbz\—l) /) w(q‘b)] 6’11'—‘6,19((}’)3\!)
(N/Z}:l 8 a (b, ) —8’, ;
+L[wa((:bz}--l)'_'ﬁlw((fazju)] dg(quJ_)gr U(_(’i’MD """ an
j =1 w07 ()
s,
WA & BEK A gl U 7o D PR AGR TR 7 ORI 5
’ &, 4’7\7 _ s | ’ _ar . ﬁ’d(:(p)'_"q’w(qm
0'( g, 010 ) = )+ (O ()= u())-T P
N=D/2 0 (e —0" ()
’ __ar T e S w\¥ed)
?/:=[16‘ w{@eio1) — 0" (Pasey)) 0 y— 6" () (18)
i b,
HEZ7LIUZ L

(15), (16, A7, ABRFHEBEKFE O, 0y, 0w, Vs XN ENEKEE, Oy O,
Gl Bz CTHLROLT S, (15), (16), (D), A8 XixthLthE3, £4, £5, K6
mENB @ & P& Ty, Nen bo/IEBFEAVCe 2Pt TWICEZERS &

— 133—



B STE KR i v & —WEOEERSS  BE25F 19814 3 Ji

Ga(T ) —8b
B =8u(Pri)+ T (00 (PO —0u(Pey) 3 P8O mOn(T0 9

ThbbEans, BbE, £1 :22%BWT5L, DRz L — FYRKBEO MR, &
T — FHAGHRE DR G 24 B Biow B 2 LA
00/0¢p (T AT 2 HEAGRERICHT L, ThEFRERTHLPb IR

( ad ) Bg‘i@j!i(Tn) aﬁugifnuj e (200
a¢ we_ttulg 6::"' (Tn} a(ﬁ T
(a_a ) = (6u=0u(Pr)) (Fu—0a(Tw)] | 30uiPus)
ag’J drying a rﬁ ’—6u(7 n) A aqi'
J_ 5w(Pnj'—'kaTrz) . aﬁd(P!H»l) ...... (21)
By—0u(Tn) o :

B 7 CmE AT E B A ik L B 0oFGRED BRAIZEL, ¢ 25 020 ¢mnx ¥
THRTEE, 0L EOBRRIRKZICRERLEA - YIGERC/S, COEEHTD
R.nt Ry O ML @5 & P & T EOHEBFRLIER6 ORI EDD. 2DIHIC
¢ DEBOTEEML T & P & Ty EOREEBETEBETS L, 6 12D AOART,
86/80 1 20) R EZCNRE AVWTHETES

P Quera 8B QERLT, Ju & Oa3ELLBEnD, TiS G £d Ti@HLAND
A 2THITC D, fu(d) & 0.(0) ZHRTHBbEh, ETAEBEV- 2L ILEREIC
A ET AN D, EENoEHF OIS Ti < G 15 Tk L TANAKNOTIE 2 H
REARATHERG, COFHEOAMEEE Lz P& Ty Nin LOWIEROBEIE
DT AT Y AR T ORECRET. BiEckwT, B8 < ITAUOEY LT fUAT
B EETAWTS

<#& F>

EEART v L OLEE e LL~,,I-2E;[7<T v 7)) DD GTHUTORE & 7

= Grore FHRE L EGH R BIEURIFL SEEFTD, e @Lnae DRER TR ERT

Y, PGB R LJRfF 3 >%ETL, %&7kifé?§if:k~fl/<}%f‘ﬁ‘4>%% TD. Quax=¢

BREL, TREBEREZS>RRTTE

<$¥e1 > nel, Pieduero, TivPuere, To¢ &5, IRF>ELED

<BE2 > nol, Predunan Tiedms, T ¢ 55 BfF>Td 25,

CHREZS Ti=twro AT D, HHRABEGRTEI-ISEETTE. T % oo 222
= To T 5, SBHE<ES22%RTTA T % deece 2 ¢>Tw W
BT5H AREBEMFEI3>2RTTS

<4BfE3—1> nel, Ti¢, P9 &35 <HEFE>LLED

TIBHE3—2> ¢ STi vt EAD i 2w, nei, Tae@, Pugc¢ £33 <BE>E

—184—



TEM-O+HART e AT Y S ADEET AT Y X A—RE

L EB.

<$#ME3—3> nen-tl, Twed, Puogye¢ L35 <BIE>ILL YD,

THRIE4> <P BETL ARALEIR—I>%RITTH Pu ¢ <P, 2B
TE BWRLDIEUREA2>RETTS ¢=P, #HET S, GHELE<2F—
3>HETT .

<BHEd—1> Puped &5, <IRME>IC L L5,

RIEA—2> i Z2nrod 2 Pilc B0 i R, nei—1, P L35, <HE>S
b EB,

THBE43> nel, P, TitGueo, P 232, <EBE>SICL 5.

LEDTATW R LB P E T % 0 £60/0¢ 0 EERLPR8ILRY. oo

Biok\ Ty & Oaic XL,

0u(¢) = 0.13369tan (0. 12148¢--1. 078)--0. 2499827 ... (22)

0a(¢) = Vv0.00024 ¢*+0. 0081 - -0. 27 =300 e (23)
= 0. 004 ¢-+-0. 4042-:-0. 00392731 {1—cos (0. 10185¢-+6. 1917155) )
—aLea<<es—30 L. (24)

0p=0.36, Pmax=0, QPuoro = —091.69
@ OHfY - emH,O
THhb.

g, ROV R 77 aeffRicsid. A5 ACOST00 T %, SUBROUTINE
EWA 2 Py & Ta D ERTTEV, 5100 & 00/0¢ OHELTied. ¢2i—a5 » PO
fECFL <, BAGHRE & SABROARN N Sh R B8, ¢ OETOLEY L - CHET
=3

FUNCTION FEW 1 6, & 86,/80 %5
%, FUNCTION FED1 2% 8, & 804/0¢ %5

2

0 _-20 T

,.,(0 -17 -5 -1 )
-80 -45 -30 -0 -40 /")) =103

8 8 & 38/ad D AT Y v AR
Fig. 8 Calculated results.
6 —¢ relation of main wetting process
(fw) and main doying process (f4) are
uw(¢)=0. 13369 tan (0. 12148 ¢ +1. 078)
+0. 24998427

62(¢) =+/0. 00024°+0. 008L+0. 27 —30<§=0 0.015
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(a) is calculated moisture content ‘ B

4. KiomH o) -80 -SE. a0 '5.;0 0
(b) 1is calculated derived moisture (b
content a8/a¢), )
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