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Abstract

The soil hydraulic parameters for analyzing soil water movement can be determined by fitting
a soil water retention curve to a certain function, i.e,, a soil hydraulic model. For this purpose, a
program which performs nonlinear fitting of soil water retention curves to 4 models, Brooks and
Corey model, van Genuchten model, Kosugi’s lognormal pore-size distribution model, and Durner’s
bimodal pore-size distribution model, by Levenberg-Marquardt method was developed. The pro-
gram was written in GNU Octave, a high-level language primarily intended for numeric calcula-
tion. It was shown that the developed program actually works fine with many soil water reten-
tion curves in UNSODA database.

nation and fitting curves of each model, the most appropriate hydraulic model for a certain soil

It was also shown that by comparing coefficients of determi-

can be selected. Therefore this program not only calculates the necessary parameters, but also

helps determining which model is to be used for a particular purpose.
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DRTBMHY, TNEDF—2ITH LT, TOLH 5T
BIEEARR D IR L IcRER, T od~Tiew LT BCE

VG, LNZEPDOPEENEENE L H T a5 A
ZFFT HIENTE I, TH0bE, ARICBNVT,

7'u 75 AT EREEIS[EFEIT L 7o UNSODA 57—
g R=20HClE, F=IMNEFIKIESODVTVEHD
bhotehs, TOXIRF—2ITH LTS, IR
B4 % & Z24 PR E o TV 5 T EATERS
Nize Ff, DFIORT &5 ICEMNTEMOREN S
Mote &, NEUSUIBERE IS X A AEY)SEN
DRI DI 5 12 T EEERT %,

UNSODA 7 — % X— 2 728 D 57— ¥ othT, BC
X, VG, LN TXTITBWVWT R*>0.99 DR WWER
PEON b DL 344 Hd - Foo 7272 L, RIESEIVD
BWbDIZOWVWTE, \EFRERKEDESV I EBHBATSH
2560 d 5100, FHTHEKOEEIEO 7 o b
10 /il b 2 420D 7 — 71>V T~ 5B &, BCH,
VG, LNHKTRTIZBWVTR?>0.99 O R WIERMNE
LN bDIF 186 HTH /o ThEEFNVITEICHS
L, o420 fohT, R2>0.99 OEWVTLAES N7z
b0 F BCXTld 224, VG XT3 282, LN Tl
286 il & 75 b, AR & LTy, BCXED b VG
X, LN KOG DB GRS T & 7o 420 OIS N T
DEPEZRB DO, BCH TR 09775, VG KTl
0.9831, LN R Tl 09836 &5 -7 CDLHIT, TOF
075 AMIRIEW Y A 7 D 4K E R 1w L
BC X, VG, LN Rz &k 2k 5 2 -5 %
PETEHENTE, ZLDOF— 2T L TEHVERE
BRHESEOND T EDPHERTE 12, 12720, TEIVERK
X B EFAMEOER, HETLEL OERF—4
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XS B EO I TH v, BEHITT X180,
7 DF— 2kt LTld, 4.28iTRd LI, EHHD
EFVC TR A RSO THB L, @ o BENCIG U
TEDEFNVAEINT 20 EPET 5T ENLE L,
B2 = & — ¥ V9f6 € 7V T BIF s
Bonaigaicid, M E=SLVEFLTENET B4
BBV, 22T, %9 DB X EOMEED 70
DF— 5 &M L, 42007 — 5 o, BCX
VG, LNRDOTRTTR! <099 177 —% 1398
i, R’<098 &7 -/cF—2 1348 &7, TD 48
o5 — %1%t L ¢, bimodal. m #%47 L T DBRIc
L BIE Lz, #DHT, 0.01<w,<0.99 &750 [Not
bimodal| ZRAHE A - b DR 42D 720 TD
2 Ho 57— o, BRERKDOEEE, BCATR
0.902, VG R TId0.906, LN X TIZ 0913 TH 3 DIt
L, DB T3 0945 L7350, X BLIEUSE ST,
o, DBROEBERERLD 098 LI EEZ -72bD
23, 099 I EE 57 bDIF 19D 720 TDEK
912, UNSODA 7 — % ~ — 2 420 {H ® + &k o h
T, Aohrica=e—s VAR5 L b DB XA S
ERWIERINSEE SN B &FIlr S s LHEEEUR DY 20 R
Ed-te, ThooilklE, Fico—otiEc, MES
NTWEY 7 va vOHPHNPKEVWE VI R ER-> T
Wiz,

4.2 EEHS L ULEKSEME T IV OEE
UNSODA 7= X—=2 DT, £-2I1TRT L9517,
W O ORI IS EEHC D W T, BFERE R A R, -
2DFFHZHOWVWT, swre.m IZ X » THE SN2 BCKH,
VG R, LNk 2 BRGNS 2 — 5 2&K-3 1
ANERS

Sk 1 oE+ (Haverkamp and Parlange, 1986) (1
SWTIE, BCHX, VG, LN K& bicBifmif) (R?
>0.98) BiESNK (K-3). TDLIIT, ZEZIRAMES

SH 2 va v DEME & GICEBICAREEKENE TS
AE Lo FEK R IC oW T, HESh TV
297 va vOREMNNS Y, WIho s Bl
IMESL T EMTE S, 120, 7 ¥ a v Oy
REVEAICE, £FLEBCK, VGH, LN TRIF
IR NN LITHEET 246813 H 5 (Mehta
etal, 1994), -3k Sic, BCXED b, VG, LN
ROFPELEBNMEFE O E RS HHEHLTWA 2
W, LRI (GOERERED »EShio
k2 o v — 2+ (Laliberte et al, 1966) T3,
BC X, VG, LN & &Ic BIF7EM (R?>0.99) A5
shfe (M-4), CToiEFHCBIL T, BC KO
ICRIFT, R?=0.99978 Tdh - 2o K-3 D& 21T, BC X
0 VG, LNHXDBEHEET 2002 VHT,
COXICBCROGBELEUNTEZEELH %,
75756, EOEFVLREIFAUNESN, e
NZEER L THOREBVEIITORZ 30, BKREE
W 254113, ARSI W RE O HEE DS c BT
BB, TOFEBOBMENAERNAT L LTSI
W, Durner (1994) 12 &NiE, fafih SESEAEE T
DA T DI HRER D IR DFEEDS, K, OHEEEIC 10
EREOEE L OTEAENHVEE, Lich-T, T
OFEMOBZAITIE, M, SELKIRAME TORSYEE
L& IFHEICRETE 2 BCRAEH VWA ENEE LW,
k3 oo — 41 (Dane et al., 1983) IZHBWVWTH, BC
X, VG, LNKE b BIFSIM (R*>099) 2155
N (@5 758, h=0DEIGE T 5 7 FIcFRT
Vi, h=1 & LTERRLI WIET— 7 Dz R
5L, HENAE-—S VR EFOCVELSICHRA
Z 50, HESNIY 7 v a voFEHBHE AL TV
ZEbdbb, DBREHVWEZETHRL, 2=T—%L
% BCZ, VG, LN R THNIcBIFasE s
7o

®-2 THEE O YR
Table 2 Soil physical properties of soils

= ik BORLE KRS R LR & Sk UNSODA
(X10%cm/s) D

1 i 2.22 0.430 Grenoble, France 4440
Haverkamp and Parlange, 1986

2 WHE e — 4 1.57 0.518 Hanford, WA, USA 2243
Laliberte, 1966.

3 o — 4fib 0.699 0.350 Union Springs, AL, USA 1015
Dane et al., 1983.

4 DZIZ2 N ER=EN 4.26 0.562 Lyss, Switzerland 2760

Richard et al., 1983.
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Table 3 Soil hydraulic parameters of soils
51‘*: 1 —E?\}D ,\05 R — 572) Rz
1 2 3 4
1 BC 0.344 —0.0105 36.0 1.25 0.982
VG 0.348 0.104 0.0203 6.56 0.994
LN 0.347 0.109 50.7 0.261 0.993
2 BC 0.516 0.113 35.2 1.56 0.9998
VG 0.526 0.155 0.0208 4.57 0.993
LN 0.524 0.161 52.0 0.386 0.993
3 BC 0.263 0.0583 13.1 0.278 0.995
VG 0.263 0.104 0.0376 1.599 0.995
LN 0.264 0.121 63.6 1.39 0.992
4 BC 0.500 —0.832 7.01 0.0241 0.963
VG 0.505 —8.00 0.116 1.00370 0.970
LN 0.657 0.143 144 7.44 0.946
DR S 13 %2
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-3 WE+ ok EkiER (Haverkamp and Par- K-4 W&o — 4+ o+EKSE M (Laliberte et

lange, 1986) &, BC, VG, LN iz &k 2.8

Fig. 3 Soil water retention curve of sand (Haver-
kamp and Parlange, 1986) and fitted curves

Ak 402 v v Eo— 4+ (Richard et al, 1983) T
13, BCK, VG, LNK& iz, HIEEE LUz
BlicsnsE s, DBRICL - T, FERICEWVIER
BESN (K-6), TIT, DBRD/¥S 4 — 513 6.=
0502, 0,=0.177, w,=0.324, 2, =0.0685, n;=2.01, ax=
432X10°% n,=159 ThH b, HHREBREZ 099975 &
ot, BCK, VG, LNXTIE, SJRERKIZVS
NH 09 it -wb0n, REBWLIILULESH

al, 1966) &, BC =, VG X, LN Rz & 350U

Fig. 4 Soil water retention curve of sandy loam
(Laliberte et al., 1966) and fitted curves

72 VG ROEHREREL (0.970) 23, K-3~[X-5 DT
/NS OEPERE (0.982) L0 /NS WEE - 72,
ZL7T, BCHKEVGRITBWVWT, 6, DEMBEDHEES
D, MEEREREEKER | &0 5 PRIV BRIG5> 7,

4.3 RETC L DLE

%12, RETC (van Genuchten et al., 1991) & A7
07 5 LDOKRER K 5, RETC Tl, THIKFE
EFLELTRBDOVGEFVEHVWTWS, TIT,
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Fig. 5 Soil water retention curve of loamy sand
(Dane et al., 1983) and fitted curves

* E
4 03 E
= E
¥ E
o1 f

0 E

1 10 100 1000 10000 100000
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Fig. 6 Soil water retention curve of silt loam
(Richard et al., 1983) and fitted curves

NG A=FmEnikoVTREN)m & nZThT i
VA2 m=1—1/n(8)m=1—2/n(4) n—>co+/n» 5%
BTENTED, Fh, FEIMBEKERBOHEEICBIL T
¥, Mualem € 7 vz H WX (7) &, Burdine € 7V
(Burdine, 1953) 7> SEpN A p H5E S ENTE
%o AEFEKRHOMEE b EEZN TV B, A
Ho~53 2 =57 i @, 0, a,n, m, 7, K) &7
THDRSY I8 D, A D 5 EHIZX (B) 1B 2/v5 % —
5, D 2 HRNMICBT 55 2 =5 Th 5, A

FERFEO T VT ) R a2, K7 o7 5 A &R LY —
NYN=F e 2)h— VEPHWSNTWS, RETC &
SO EMNTE S, (1)/¥5 2 =5 &2 — ¥ —D%E

L7 oBIEGTE, (2)0 (h) MEZ S/ & & ORI
BIKGREL E IR PERR I DT, (3) AR KR AL = 7
BKMERRE NG A Stz & & D 0 (h) DFEL,

A7v 5 8L RETC 21T 5 &,

(1) RETC Tl& 6 (h) 7 5 REIFLE KRS & KO ILER
FHOHEET ZH, KFv s 54TEROG) »HET
A=5%2 L, TOBROFEINBEKIFIOF R IZ 2 —
F—lZEEINTVE, LHrLENE, RETCIZBWT
b, REFIBKEHOHEED DI, KA SHOHE
TK & tDEEZED 2MEDH 5,

(2) RETC Tl3/¥7 # — % OFIMIE % 2 —H —h5
Z BMHIH B, K7 a7 5 L TIIEBIICYILIEE
WET 2, 2 —VF—DFHERELE YT 5 LB LGHE
MEFTELETAIL, AT 0T T LORRKOFEMNS
%,

(3) RETC |3 Windows & % \ (3 MS-DOS _ETHEfE
5D L, A7 5 4% Windows, Mac OS X,
Linux, UNIX % GNU Octave 2E{Ed 2kt 75 OS |-
TH»T ENTE S,

5. B YIS

G E 538 Octave ZH\WT, TR EE T —
g oL HIKS NS X — 5 ZHET RS0 05 A
(swrc.m B & O bimodal.m) Z{E% L7z CO7 075
LITIE, PN LS 5 d %,
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SRR NS A — S E T 0 /5 A swre.m
#!/usr/bin/octave -qf
# swrc.m version 1.0

# http://purl.org/net/octave/

1

2

3

4

5 # Read data from file
6 output_ precision=7;

7 load swrc.txt

8 [s, i]=sort (swrc (:, 1));

9 sorted=swrc (i, :);

10 x=sorted (:, 1);y=sorted (:, 2);
11

12 # Setting
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thetaSin=max (y);# initial value of thetaS
cts=1;# cts=1;thetaS is variable, cts=0;thetaS
is constant

thetaRin=min (y);# initial value of thetaR
ctr=1;# ctr=1;thetaS is variable, ctr=0;thetaS

is constant

# Set initial values

thetaS—thetaSin;thetaR —thetaRin;

hbi=sum (y >max (y)*0.95+min (y) *0.05)+1;
hb=x (hbi); hby =(y(hbi)-thetaR)/(thetaS-thetaR);
if hb==0, hb=x(2)/10;, end

hli=sum (y >max (y)*0.15+min (y) *0.85);

if hbi==hli;hli=hli+1;, end

hl=x (hli); hly =(y (hli)-thetaR)/(thetaS-thetaR);
lambda=-log (hly/hby)/log (hl/hb);

if lambda< 0.1, lambda=0.1;, end

if lambda >10, lambda=10;, end

# Brooks and Corey Model
disp (“===BC model===");
x2=x.+(x==0).%0.001;
function ret=BC(x, p)
ret=(x>p(3))."(p(2)+(p (1)-p (2). " (x./p (3).A\(-p
@A)+ (x<=p@)."p(l);
endfunction
pin=[theta$, thetaR, hb, lambda];
stol=1;wt=ones (length(y), 1);
dp=[0.00001*cts 0.001*ctr 0.1 0.01];R2b=0;
while (stol >=0.00001)
[f, p, kvg, itr, corp, covp, covr, std, z, R2]=leasqr
(x2, y, pin, “BC”, stol, 20, wt, dp);
if kvg==0, p=pin;, R2=R2b;, stol=0;, end
stol=stol/10;pin=p;R2b=R2;
endwhile
thetaS=p (1), thetaR=p(2), hb=p(3), lambda=p
(4), R2

# van Genuchten Model
disp (“===VG model===");
function ret=VG (x, p)

n=abs (p(4))+1;
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52
53
54
55
56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

71
72
73
4
75
76
7
78
79

80
81
82
83
84

ret=p (2)+(p (1)-p (2)). * (1 +(abs (p(3)). *x). An). A
(1/n-1);
endfunction
thetaS=thetaSin;thetaR =thetaRin;
hm=x (sum (y >max (y)/2+min (y)/2)+1);
alpha=1/hm;n=lambda-+1;
if n<1.1,n=1.1;, end
if n>10,n=10;, end
pin=[theta$, thetaR, alpha, n-1];
stol=1;dp=[0.00001*cts 0.001*ctr 0.1 0.001]; R2b=0;
while (stol >=0.00001)
[f, p, kvg, itr, corp, covp, covr, std, Z, R2]=leasqr
(x, v, pin, “VG”, stol, 20, wt, dp);
if kvg==0, p=pin;, R2=R2b;, stol=0;, end
if imag (R2)A2>0, p=pin;R2=R2b;, stol=0;, end
stol=stol/10;pin=p;R2b=R2;
endwhile
thetaS=p (1), thetaR=p(2), alpha=abs (p(3)), n=
abs (p(4))+1, R2

# Lognormal Pore-Size Distribution Model of Kosugi
disp (“===LN model===");
function ret=LN(x, p)
ret=p(2)+(p(1)—p(2). *(I-normcdf ((log (x/abs
(p(3)))-/abs (p(4));
endfunction
thetaS=thetaSin;thetaR=thetaRin;hm=1/alpha;
sigma=1.2* (n-1)\(-0.8);
if sigma<0.15, sigma=0.15;, end
if sigma >3, sigma=3;, end
pin=[thetaS, thetaR, hm, sigmal;
stol=1;dp=[0.00001*cts 0.0001*ctr 0.01 0.01]; R2b=0;
while (stol >=0.00001)
[f, p, kvg, itr, corp, covp, covr, std, Z, R2]=leasqr
(x, v, pin, “LN”, stol, 20, wt, dp);
if kvg==0, p=pin;, R2=R2b;, stol=0;, end
if imag (R2)A2>0, p=pin;R2=R2b;, stol=0;, end
stol=stol/10; pin=p;R2b=R2;
endwhile
thetaS=p (1), thetaR=p(2), hm=abs (p (3)), sigma=
abs (p (4)), R2
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