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Abstract. The authors analysed the applicabilitthe Richards equation for the descrirption
of water movement in soil. The Richards equation saged with the method of finite differences,
using an overt schematic. The experiment was cdadugn a grassland, in the surface layer of
which TDR probes were placed for soil moisture mezsent. It was demonstrated that using so-
called calibration of the mono-dimensional modeddzhon the Richards equation it is possible to
determine van Genuchten indices characterizingstiilespace under study. The results obtained
from computer simulation were compared with theults of the field experiment.
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INTRODUCTION

Mathematical modelling of natural phenomena mostdently involves the
use of non-linear differential equations. Necess$arytheir solution is parametri-
zation of the space modelled, as accurate as peosBilr the description of water
movement in soil the Richards equation is used,thednodelled space in this
case is a porous medium with strongly varied stmect{Brandyket al. 1993,
Janik 2009, Stawiski et al. 2002, Stawiski 2003). Hence, giving the input con-
ditions for the model requires numerous labourrisige determinations. The
objective of the work is to present a method fer determination of soil parame-
ters (van Genuchten indexes) on the basis of dineesurements in the field.
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MATERIAL AND METHOD

The field experiment was conducted on a grasslanie locality of Pszczew
in the Wielkopolska Region (Poland). The experimeasisted in point-wise

irrigation of a section of oil and obser-
I'—}—'-IZ ferm] vation of changes in volumetric soil
D e e moisture beneath the irrigated point.
5 layer1 | TDR sensor The irrigation consisted in maintaining
) z=21,2 cm a constant column of watdr, = 10 cm,
T layer 2 | TDR sensor in a cylinder of 10 cm in diameter (Fig.
5 £=16.8 cm 1). Changes in the soil moisture were
2 observed by means of a meter made at
5 T layer 3 TDR sensor the Institute of Agrophysics, PAS, in
o| & 2=12.0 ¢ Lublin (Malicki et al. 1992, Skierucha
< 0 ' . .
RS et al. 2004, Skierucha 2005). The dis-
£ layer 4 TDR sensor tribution of the probes is also shown in
° z=7.2cm Figure 1. In the study it was assumed
A that water movement caused by the
layer 5 r irrigation was only in the vertical direc-
£ .
S z=2.4cm tion and only to the depth of 24 cm.
14 TDR sensq The water movement in the soil area
2=0.0cm under analysis was described by means
of the Richards equation which, for a
Fig. 1. Modelled soil space mono-dimensional space, assumes the
form (Reinhard 2004):
od 9 0P
C(hy — = —| K(h)—|, (1)
ot o0z 0z

where:C(h) — differentiable water capacitg, = d@/dh, h — matrix potential, cm
H,0, 8 — moisture, Mm>, ® — total potential, cm 0, ® =h + z z — height,
z— vertical coordinate, cni(h) — hydraulic conductivity, cm mih

For the determination of moisture distribution tile sample studied, the
method of finite differences was used, digitisihg modelled space (Fig. 1). The
differential form of equation 1 for a mono-dimensa space (overt schematic)
can be written as follows:
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where:At — time step, minjz — spatial step, cnk,— time indexj — spatial index.
Moreover, for further calculations the followingere adopted:

Kisz =+ Kik EKikﬂ : (3

For the determination of a relation correspondimdhe curve of hydraulic
conductivity the following formula was applied (Gemten van 1980):

)bt o]

prlahy

(4)

while the relation corresponding to the pF curves wlatermined from the for-
mula:

6(h)=6, + @_Qm. (5)
|1+ ia| h' )|

where:m, n, a — indices related to the type of sail,= 1 — 1h, § — content of
residual water, Aim3, &, — moisture in the full saturation zone® mi®, K — infil-
tration index, cnmin™.

For the solution of the equation it is necessargldtermine the initial and
boundary conditions. As the initial condition, thistribution of moisture in the
modelled space at the start point of the experinvesss adopted. The lower
boundary condition was the time-variable distribotof moisture in layer 5, and
the upper boundary condition — moisture distributio layer 1. Therefore, the
modelled area covered layers 2, 3 and 4. (FigTh¢. simulation was conducted
with a time step ofA T = 5 minutes, for a period of 240 minutes. Theiktyland
convergence of the numeric solution was testedvanifled through a numeric ex-
periment.
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RESULTS

Figure 2 presents changes in soil moisture in fageR, 4 and 5 in the course
of the experiment. The Figure indicates correcpoase of moisture changes. In
the initial period, the moisture increments in thgher layers were the greatest
and occurred the fastest. Fig. 3 presents a cosgranof the values of moisture
obtained on the basis of computer simulation wélugs obtained through meas-
urements for the layer @ = 16.8 cm. The indicesd, &, K, n, a) affecting the
shape and position of the line, related to the ighayproperties of the modelled
space, were selected so that the moisture valwadcdlated and measured with
the TDR meter — differ as little as possible. Thecpdure consists in error mini-
misation, i.e. selection of parameters of van Ghterc equations for the water
retention curve and the hydraulic conductivity dimefnt. This is so-called cali-
bration of mono-dimensional model of water migratisased on the Richards
equation. As the criterion of fitting the sum ofeaage value deviation84) was
adopted, calculated for each layer from the formula

Be->'B (6)

where B, — sum of deviations of average values in layean@ 4,B; — average
deviation ini-th layer.
The deviation in-th layer B)) was calculated from the formula:

1 - k obl k pom
WZ‘H g™, )
k=1

where:B;- average deviation fdrth layer,i — layer number (spatial indexyl, —
number of compared pairs of moisture values indberse of the experiment,
< calculated moisture inth layer, atk-th time moment, mm?3, g« —
measured moisture irth layer, ak-th time moment, Am?.

As a result of identification procedure performedhe above manner, the sum-
mary average deviatioB: was reduced t8c, = 0.058. The value MBemin Was
obtained for:4 = 0.01 nim?3, 4 = 0.365 mim® , K, = 0.16 cnmin®, n = 1.659,
a=0.278 .
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Fig. 3. Comparison of measured and calculated values @Htame in layerz, = 16.8 cm

The differences between the calculated and the unegivalues (Fig.3) may
result from the lack of calibration of the TDR methat should be performed
individually for every medium in which measuremeats taken (verbal informa-
tion, Skierucha W.). Moreover, the Richards equmefieritten in the form 1) is
true only when the medium is homogeneous, i.ehylgeaulic conductivity of the
material for watei(h) and the hydraulic potentiab, related to the water con-
tent, are constant for each point in the mediurdistl Also, the medium should
be isotropic, i.e. its hydraulic conductivity shduiot depend on the direction of
water movement. In the equation it is also assuthat¥, is approximately equal
to porosity, and that the volume of solid partidesvariable in time. These as-
sumptions were not verified in the study reportece.
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CONCLUSION

The experiment performed and computer simulaticersngted the demon-
stration that by using so-called calibration of mahmensional model based on
the Richards equation it is possible to determene @enuchten indices character-
izing the soil studied.
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Streszczenie. W pracy przeanalizowano przydaétzastosowania rownania Richardsa do
opisu ruchu wody w glebie. Réwnanie Richardsa rezano metod réznic skaiczonych, stosag
schemat jawny. Eksperyment przeprowadzonozytku fakowym, w ktérego wierzchniej warstwie
umieszczono czujniki TDR do pomiaru wilgotcd Wykazanogze stosujc tzw. kalibragt jedno-
wymiarowego modelu opartego o réwnanie Richardsanamavyznacz§ wspotczynniki van Ge-
nuchtena charakteryzge badam przestrza. Wyniki uzyskane z symulacji komputerowej poréw-
nano z wynikami eksperymentu.

Stowa kluczowe: parametry van Genuchtena, techAMa, wilgotng¢ gleby



