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van Genuchten 4

[15]

?

van Genuchten 4

van Genuchten

1 van Genuchten

van Genuchten

- 6,
b= O )T
: 0 ((m3 (m_3);h
(= a); 6 O
(em’ em ) a(em ) n(-)
( ), m=1-1/n
(+) (=), (gg )

van Genuchten

2 Matlab

Matlab Math Works 1984
s 6.5

van Genuchten 0 05 an
,Matlab 6. 5
Isqeurvefit;
nlinfit nlintool
van Genuchten 4

3 van Genuchten

31
Isqeurvefit
)
:[x, resnorm|= lsqcurvefit (fun,
x0, xdata, ydata) : resnorm
, fun ,x0 , xdata ydata
Isqeurvefit,
M-file , M )
F(x, xdata) , ( van Genuchten
) Matlab
(G ,
1
Tablel Soil water sudions and soil water contents
Sol types - Soil water Soil water
sucton(f, em Hy0) content (0, gg )
0 0. 565
Cinnamon soil 50. 65 0. 4013
293.77 0.2502
790. 14 0.2324
99%. 74 0.2307
5 065 0.192 6
10 130 0.181 2
15195 0.173

M-file
function F= fun(x, xdata)

F= x(1) + (x(2) = x(1))./(1+ (x(3) * xdata)
x(4). N (1= L x(4);

B

, van Genuchten 4 0 6s an
x(1) x(2) x(3) x(4)
fun. m
xdata(
) ydata ).
4 x0, Isqeurvefit

xdata= [0 50. 65 293.77 790.14 992. 74 5065
10130 15195];

ydata= [ 0.5650 0.4013 0.2502 0.2324 0. 2307
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0.1926 0. 1812 0.1730];
x0=10.1,0.1,0.01, 1];
[x, resnom]= lsqeurvefit( @fun, x0, xdata, ydata)

) 4
x=0.1641 0.5652 0.0506 1.5003
resnrorm= 4. 8701e-004
er 95 a n ,
0= 0.164 1+ 0.565 2— 0. 164 1]_ 1
[1+ (0.050 6x h)"303] 503
’ Matlab plot

x1= [0 L 15 195];

yl= 0.1641+ (0.5652- 0.1641)./( 1+ (0.0306*
x1). " 1.5003). " (1= 1./1.5003);

plot( xdata, ydata, "ko , x1, yl, /le/)

1
T 055}
)
$ 030 o SWHIE Measured data
5 — #U{rHhER Fitted curve
£ 045
g 040
2
2 035
w2
H 030
&
SE) 25
S 02
® 020}
~ o]
X X
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138K 77 Soil water suction(~.cm H,0)

1

Fig 1 Soil water retention curve by nonlinear curve-fitting and measured

data dots
3.2
Matlab
van Genuchten 4
nlinfit ; nlintool
nlintool nlinfit
3.2.1 nlinfit nlinfit -

: [ beta, T,

J]= nlifit(x, vy, "model , beta0); beta " model
;, model

., MHfile ;T ] ; beta0

nlinfit M- , van

Genuchten M- :

function ydata= model( betaO, xdata) ;

a= beta0( 1) ; b= betaO(2) ; c= betaO(3); d= betaO(4);
ydata= a+ (b a) ./ (1+ (c* as(xdata)). " d). " (1- L/
d);

model. m s

xdata= [0 50.65 293.77 790.14 992.74

10130 15195];
ydata= [ 0.5650 0.4013 0.2502 0. 2324

0.2307 0.1926 0.1812 0.1730];
beta0= [0.1,0.1,0. 01, 1];

5065

[betafit, r, J] = nlinfit ( xdata, ydata, " model s
beta0) :
betafit= 0. 1676 0. 5653 0.0475 1.5293,
van Gemuchten 4
r= — 0.0003 0.0030 - 0.01%4 0.0065
0.0114 0.0032 - 0.0015 - 0.0068,
() nlin-
tOOl N ’
van Geruchten :
0= 0.167 6+ 0.565 3— 0. 167 6 1
1529 3 1- 1.529 3
(1+ (0.047 5% h) )
Mat lab plot,

x2= [Q I 15195] ;

y2= 0 1676+ (0. 5653 0.1676) ./ ( 1+ (0.0475%*
x1). 1. 5293). " (1= 1./1 329);

plot( xdata, ydata, /ko’, x2, y2, ' le/)

1
3.2.2 nlintool nlintool
nlinfit ;

r, J]= nlinfit(xdata, ydata, "model , beta0)

[ betafit,
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nlintool(xdata, ydata, "model , beta0) , ( 2)

06

= [ElY41th£k Regression curve
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Fig. 2 Interactive graphics of the nonlinear equation and regression
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£ o
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0.0109
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4 ;
, s
>
s 4.1
F )
4 , 2
, 5. 1389E-05 1. 5836k 05, 0.000 1,
van Genuchten , 0.000 1;
) > s
2
TaHe2 Vanance analysis
F b
Methods Sowrce Sum of squares df Mean square F tes p-value

Fitting Q0 129 666 3 0 043222 253 130 3 5. 1389E-05

Error Q0 000 683 4 Q0 000 171

Nonlinear fitting

Total 0 130 349 7 0 018 621
Regression Q0 129 970 3 0 (43323 457 238 3 1. 5836105

Nonlinear regression Error Q0 000 379 4 9 4805

Total 0 130 349 7 0 018 621

1) p—value Excel “ = FDIST(F ) U8 I the table, p-value is gained by input

“= FDIST( F-value, degree of freedom of the fitting or regression term, degree of freedom of the error term)” in Excell !

4.2 ( 3,

?

3
Table3 Residual analysk

Soil water contents

Soil water suction Residual square
Methods Residue(0,.- 6,,)
h( an H0) (0-0,)?
Measured values 0 (g g™ ')  Calalated valies 0 (g g 1)

0 0.565 0 0 5652 0.000 2 4 00E-08

50. 65 0.401 3 03970 - 0.004 3 1 3E-05

23.77 0.250 2 0 2675 0.017 3 2 BE-04

790. 14 0.232 4 0274 - 0.005 0 2 52E-05

92.74 0.230 7 0206 - 0.010 1 1. BE-04

Nonlinear fitting

5 065 0.192 6 01891 - 0.003 5 1. 205

10 310 0.181 2 0 1818 0.000 6 3 K07

15 195 0.173 0 0178 5 0.005 5 3 07E-05

4 87E-04Y
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Soil water contents

Soil water suction

h( an H,0)

Methods

M easured values 0 (g g~ ')

Residual square

Residue(0.- 0,,)
(0 0.2

Calawlated valies 0 (g g ')

0 0.565 0

50. 65 0.401 3

23.77 0.250 2

790. 14 0.232 4

992.74 0.230 7

Nonlinear regression

5 065 0.192 6

10 310 0.181 2

15 195 0.173 0

0553 0.000 3 9 00E-08

03982 0.003 1

9 58E-06

02656 0.015 4 2 36K-04

0259 - 0.006 5 4 BE05

02193 - 0.011 4 1 30E-04

0 189 4 0.003 2 1. 00E-05

Q1827 0.001 5 2 34E06

01798 0.006 8 4 63E-05

4 TTE-04Y

1) Sum of residual square

B

, 4. 87E-04  4.77k-04,

M atlab

van Genuchten 4 ,

Matlab (1sgeurvefit)
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nlintool

van Genuchten

, M atlab
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PARAMETERS ESTIMATION OF VAN GENUCHTEN MODEL FOR SOIL WATER
RETENTION CURVES USING MATLAB

Wei Yichang"? Liu Zuoxin' Kang Lingling® Wang Yunzhang®  Shi Mingl#®

(1 Insiitute o Applied Ecl gy, Chinese Academy o Sciences, Shenyang
(2 The Graduate School, Chinese Academy o Sciences, Bajing

110016, China)
100039, China )

(3 Ydlow River Insiinute of Hydraulic Research, Zhengzhou 4350003, China)

Abstract Soil water retention curves play an essential role in detemination of soil hydraulic charaderistics. Among the

developed mathematical models, var-Genuchten model historically has been the most widely adopted. lis four parameters are the

key to application of this model. With the same set of experimental data ( namely soil water suctions and corresponding soil water

ontents in cinnamon soil in northeast China) , this paper introduced in detail the application of nonlinear curve fitting and nor

linear regression fundion, two useful functions of Matlab sofiware, in obtaining values of the four parameters, based on which van
Genuchten models were established respectively. By taking advantage of the powerful plotting fundion of matlab, visual compart
son of them was easily made, showing differences between them were very small. Finally, using the methods of variance analysis
and residual analysis, the calaulated values by the models and measured values were analyzed. Results showed that in both nor

linear curve fitting and nonlinear regression good significant levels were adhieved both to p< 0. 000 1 and the sums of residual

squares were both lower than 0. 000 5. Especially the results fram the nonlinear regression function were better than those from

the nonlinear curve fitting. Therefore, it is practical and feasible to obtain values of the parameters of van Genuchten model for

soil water retention curves using Matlab software, which may serve as a new promising approach to application of numerical meth

ods for the soil scientists.
Key words Soil water retention curve; van Genuchten model; Matlab; Nonlinear fitting; Nonlinear regression



