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COMPARIGON OF SIMULATED WATER BALANCE FOR ORDINARY AND
SCALED SOIL HYDRAULIC CHARACTERISTICS

Milena Cislerova

Abstract

Using the SWATRE model simulations of the summer water balance
were done for various combinations of soil hydraulic functions for
seven locations of a 0.9 ha area of one spil tvype in the Hupselse
Besk watershed. Based on van Benuchten’s expression far the
retention curve three expressions for hydraulic conductivities
were tested. Then scaling was used far the description of the soil
inputs, at Ffirst in a deterministic approach and later for the
creation of randomly generated soil data sets. The effects of two
lower boundary conditions - the measuwred groundwater levels and
the prescribed outflow rate developed from grnundwéterlevelm
discharge relationship were studied. The groundwaterlevel -
discharge relaticonship uwused as the lower boundary condition
appeared 'suitable for simulation purposes especially in  the
gstochastic apnroéch. The results of the simulation depend
critically on the shape of the assumed spil hydraulic functions.
When an approximate mathematical expression for the retention
curve is applied +together with the prediction of hydraulic
conductivities then the gstimated values af the retention curve
paramefers are decisive for the results of the simulations. By
scaling, certain departures from reality can be introduced.
Attention has to be paid to the development of mean scaled curves,
since the routine fitting procedure of the retention curve
parameters can increase the measured diggimilarity. Comparison
waé made between the deterministic and the stochastic approaches
to the =zpil hydrauwlic functions as inputs for the deterministic
madel of water balance. When the shape of the mean scaled curves
is reliable, the stochastic approach seems to be a very convenient
tewol to cover the effects of the spatial wvariability of soils'
within the known distribution of the scaling factors.
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1. Imntroduction

With growing attention paid in spil physics during the last decade
to the actual field conditions it has appeared that the spatial
variability of soil hydraulic properties has much higher signifi-
cance than was expected. Even within one soil tvpe large
variations in soil hydraulic characteristics, respresented by the
retention curve and the hydraulic conductivities, are usually
obtained. The guestion of great importance is thus how to treat
the spatial variability of hydraulic characteristics when the soail
water movement is modeled. The target i=s to get the most reliable
and representative answers for any environmental assesments 11ike
pollutant transgport and nutrient dynamics or any water resources

management and hydrological studies.

A large project, which has been in progress since 19823 under the
lgadership of the Department of Hydraulics amd Hydroleogy of the
Agricultural University in Wageningen, is dealing with this
problem 1n the experimental watershed area of the Hupselse Beek.
Az an adegquate tool to describe the spatial variability of soil
hydrauliec characteristics, scaling was chosen in the final stage
of the project for the water balance simulations. From reports
already published about the project., the one of Hopmans and
Stricker (1987) contains a complete overview. The complex picture
of the seasonal one—dimensional simulation with a stochastic
approach to the so0il hydraulic characteristics and groundwater

levels is in the final report of Hopmans (1987).

Scaling, based on the similar media theory, is considered aslmne
of the efficient .methmda which allows us to develop a simple
relationship between various soil hydraulic retention curves and
hydrraulic conductivities. The relationship is described by the
scaling factors and the mean scaled characteristics. Within the
known statistical distributions of scaling factors the .stnchastic
approach can then be used to express the realistic variability of

the soil hydraulic characteristice as they input into the water




balance simulation models. On the other hand, by replacing the
measured data, or their closest mathematical approximation, by the
scaled characteristics, we are introducing certain deviations from
the measured reality. The objective of this study is to find out
how sensitive the results of the soil water flow simulations are
to the wvariations in the shapes of the input spil hydraulic

functions, and what are the effects of scaling.

The other aim is a comparison of sets of simulations by means of
the deterministic model with deterministically and stochastically
treated input soil hydraunlic characteristics derived in  both

cases from the same experimental data.

The SWATRE model (Feddes at al.,i978, Eelmans at al.,.1981) was
employed for simulation. EBased on the numerical soclution of
Richard?’s equation this one dimensional finite difference model
simulates the vertical transient saturated-unsaturated flow of
water through a layered soil profile with the.vegatatinn effects
included. With the géneral boundary conditions and the built-in
options which allow the optimization of the irrigation rates or
the drainage system developement, this model represents a taol
widely used for many practical and theoretical purpoeses. The
version which was used has the soil inputs adapted +for scaling
{(Hopmans, 19860 .

The measured points for the retention curves and the hydraulic
conductivities in seven locations within the 0.5 ha area of . one
so0il . type (Brom, 1983) were used as the basic data in all  the
variations of the soil sets. The data are described in the report
of Hopmans and Stricker (1987) under gsampling scheme two and
represent one soil  type only. in the =oil profile there is
tontinuous presence of groundwater level all over the area. For
simplicity the area included in the study will be called the B-
area, The water balance is simulated separately for each of the 7

locations.




in the following chapters at first the bhasic information about the
input data used in the study is presented, then the significance
ahd accuracy of the particular components of the water balance as
calculated by the model are looked at. Calculations were done for
two types of lower boundary conditione represented by the measured
and calculated groundwater—levels. The suitability of both types
for the simulation purposes is discussed. The detailed description
of the input sets of the ordinary and scaled soil hydraulic
functions as they were formed for all the various simulation runs
are the content of the next chapter together with the discussion
of their mutual relations.

Then the results of the simulations for particular locations are
presented followed by the average results for the area and by a
discussion of the results. In the last chapter a comparison is
made bhetween the results for deterministicly treated inputs and
randomly generated inputs of soil hydraulic functicons and these

are discussed.
2. Input data
2.1 Invariant part of the inputs

Some simulations for the area under study have already been done
and the results published {(van Immerzeel 198BS, Hopmans and van
Immerzeel 19846)Y. To provide continuity, the soil profile was
described in the saﬁe way as in the study of van Immerzeel; also
the same season was selected. In the simulatons, the soil profile
of the B-area is described by two layers, the upper layar
representing the surface harizon A and the lower layer the subsoil
BC— horizon. The depth of the upper layer was &assumed in  all
calculations to be 40 cm. The depth of the root zone was also
constant at 30 cm, with the Darcian flux calculated at its bottom.
fha total depth of the profile was JI00cm i all caées. The
original sink term of Feddes (1978) was used. The relatively dry
summer season April lst to September 3I0th 1982 was considered,

with daily values of precipitation, potential transpiration and



minimum allowed pressure heads prescribed as the upper boundary
condition. Only for this pericd are the daily groundwater level
data at each location of B-area availabley their values were taken

from van Immerzeel.

2.2 Options used for the soil hydraulic functions

Van Genuchten’s expressions for the sail hydraulic functions were
implemented into SWATRE (Hopmans, 1986b) in the form

2 - o.
@ = E 1""':“ h{ﬂj“m ; @ = e m—e— e (1)
Hg~ O,
and

where &, 8z, 0, are the volumetric so0il water content and its
saturated and residual values, and B is the effective s0il water
content;

Ke and K, are the saturated I[L/T] and the relative hydraulic
conductivities (dimensionless)s n, = and m are fitting parameters,
where m=1-1/n.

In each of two layers for sach of seven locations in the B-area
the soil characteristics were treated separately. Initially, the
van Genuchten’ s expression was fitted to the measured retention
curve data and represents the ordinary soil retention curve. In
connection with this, three different types of hydraulic
conductivities were formed. _

1) the eye-ball it through the measured hydraulic
conductivity data (van Immerzeel, 1986)

2) wvan Genuchten®s prediction of relative conductivities




(K~) in combination with measured saturated hydraulic conductivity
values Ke

3) van Benuchten’s prediction of K- in combination with the
fitted saturated hydraglic conductivities Ke* developed +From the

unsaturated hydraulic conductivity data (Hopmans and Overmars, 1988)

The valuesz of the parameters of the ordinary retention curves are
listed in Table 1. The retention curves and hydraulic
conductivities are given in Fig. la,b.c to 7a;b,c.

When the soil hydrauvlic characteristics are described by means of
sctaling the scaled curves for the i—-th location were expressed
from mean scaled curves (Hopmans, 19846a) through scaling factors

Kra aNd Ny A%

Ka = 2h1® Kn or 4 = Kpa® K 03y
59,

c (h’.) = drpa £ (hm), c (h‘_)= ————— (4)
Fhy

the indey m denotes the mean scaled variables and £ is water

rapacity.

The parameters of Equations (1} and (2) Ffor the mean scaled
retention curves derived for the B-area are given in Table 2. The
values of the scaling Factors +for particular locations and
horizons are given in Table 3. The scaled hydraulic functions are
in Figures ia,b,d te 7a,b,d. The +four various combinations of
staled curves were formed to study the effects of scaiing. Their

detailed description is given later.

For the stochastic approach the log-normal distribution of on and
the normal distribution of 9% for each laver (Hopmans,1984) were
calculated for the B-area. These were reguired for the Monte Carlo
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generation of scaling factors #%. and saturated moisture content 9
to create in combination with the mean scaled curves the set of
randomly generated soil inputs for the comparison of the
deferministic and stochastic appreaches in the last part of the
work., The parameters of the distributions used in the random
generation of the retention curves for sach layer are given in
Table 4. |

2.3 Options used for the lower boundary condition

Simulations were done for two types of lower boundary conditions:
1) Measured groundwater levels (mbBWL)as the input;
the fluxes at the bottom of the profile were calculated
a= output of the model
2) Fluxes derived +From the groundwater level—-discharge
relationship (GWL-D) were taken as the input,
then the groundwater levels were calculated (eGWL) as

the output

An exponential groundwater level-discharge relationship is built
into the SWATRE in the form

Qe = Ag . expi(Bg . GWL) .

Qv is the outflow flux at the bottom of the profile in cm/day
(negative downwards)

and GUWL. .is the daily depth of the groundwater level in om (in
absolute values). _

Ag and By are parameters found by regression analysis from  the
Hupselse Beek discharge and the measured GWL values.. The
parameters together with the initial groundwater lével for . each
location are given ih Table 5. In addition there are parameters
derived for an arbitrary extreme GWL-D relationship and for  the
GUWL~D of the whole Hupselse Beek area (from Hopmans, 1984c).

(35
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3. Water balance as simulated by the model
Z.1 Description of the modelled water balance components

Reduction, actual evapotranspiration, changes in the water content
of the root zone and of the total profile, fluxes at the bottom of
both the rogt zone and the total profile and variations of
groundwater level were subiects of interest. Cumulative values for
the whole period and in some .cases also for a selected period of

five davs at the end of rather long dry period, were compared.

Actual evapotranspiration (AE), (evap) 1s one of the most important
components in water balance ﬁainly for its practical use. In the
growing season it represents the highest contribution to the water
balance. Correspondingly it should have the smallest variances.
The values of simulated AE are strongly influenced by the sink-
term chosen. Differences between actual and potential
evapotranspiration (Epoe) are marked as deficit and shown for all
cases. Ancther evaluation of evapotranspiration appears in the
reguction [XL] calculated as

red.= ( 1 - LEA/EEpae) X100

from cumulative actual and cumulative potential
evapmtranspiratinn; A disadvantage of this expression is that with
the growing sum of cumulative values during the growing .5eason,
the day—-to—-day changes have less influence. For the period of
five days an extra value was calculated using sums of five days

only.

The two Fluxes o and Qe are Darcian fluxes. The flux at  the
bottom of the root zone is Q-, the cumulative flux through the

lower houndary is Qe. AN accurate estimate of e is important for
water management purposes, since it represents an output of the
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s0il profile water balance.  In the model its wvalue depends
fundamentally on the type of lower boundary condition. It wvaries
greatly also within one type of lower bhoundary condition, showing
a high dependence on soil hydraulic functions, especially in the

case of the measuwred GWL.

Two guantities, vol. and vole, are the cumulative changes of water
stored in the root zaone and whole soil profile. They are
calculated from the moisture content distribution and could be
easily checked if some soil moisture content measurements had been
done. They have the smallest error due to the chosen model scheme,
and are ideal components for comparisons with realiity. They
represent the depletion of the profile during the season. Again,
their values, as simulated by the model, are prafoundly affected
by the type of lower boundary condition. Vol,. has a high variation
while vole is relatively stable within one type of lower boundary
condition &s the soil characteristics are changed.

The preassure head h is the average pressure head over the root

zone at the end of the calculated period.

3.2 The discussion of the digeharge boundary condition

From the seven options of the lower boundary conditions offered
in the SEWATRE model, the daily measured values of GWL prescribed
as inputs is the most'commnnly used and recommended condition  in
the case of the presence of GWL in the soil profile. In the case
of the randomly generated lower bnundary condition inputs, the
boundary condition using the measured BWL. could hardly be
employed. The other- possible option is the prescribed BWL~-D  flux
condition with the calculated GWL. This option was studied mainly
because a convenient description of the general lower boundary

condition for the stochastic approach was looked for.

The choice of the lower boundary condition in one —dimensional

vertical models is questionable. When an exponential groundwater
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level —discharge relationship . is imposed at the bottom of the
profile, the only possible flux is the outflow from the profile.
Such a situation could be realistic for modeling larger blocks
where the lateral flow smoothes out differences at the bottom
lavers., However, in the case of a single vertical column, due to
water demands caused by evapotranspiration in combination with the
conductive prnpertiea. of the zoils of each particular vertical
column, the upward flow can take place with the same chance. Un
the other hand when measuwred groundwater levels are imposed as the
boundary condition, very deformed fluxes can be produced due tTo
slightly incorrect soil characteristics since in each case the
boundary condition has to be held. In the ideal case the agreemant
of the groundwater levels calculated and measwed in one vertical
column would mean that the description of the soil profile is
fair. The comparison of the simulations for both types of 1lower
boundary conditions supplies very interssting material for the
analysig of the influence of soil hydraulic functions. For cases
where only simulations with the calculated GWL were done, the
agreement with measured values of GWL at the end of calculated
period was used as  the main measure in  Jdudging of the best
simul ated results. "

The construction of the simuwlation model SWATRE creates two basic

sources of discrepancies:

a) When the daily values of BGWL measured and calculated are
compared, it appears that, after some heavy precipitation, the
values of the calculated GWL are not able to follow the sudden
increase of the real GWL. Fartly this is caused by the daily mean
rainfall as input which has all the psaks which actually cause the
GUWL increase flattened, and partly it is dus to the construction
of the simulation model i1tself. In the model, changes of water
level can only happen due fo transfer through the soil medium,
ignoring that in reality an increase of GUWL is governed also by
the ristence of preferential pathways and by the increase of

level of open—water swfaces (channels, etc.). An example is shown
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in Figure 8,

b)) Because of the iteration process used in the GWL calculation,
in the case of a guick +all of GWL when depletion of the profile
takes place, the calculated values of GWL oscillate arcund the
value it should achieve. For this reason the daily wvalues can be
up to + 2.9 cm incorrect. In the five days period example this
feature already played a significant role. Also it was causing
long calculation times (too .many iterations were needed). The

effect described can be seen in Figure 9.

Besides the above objections there are problems with the
evaluation of the GWL-D relationship itself. In the area under
study the only available discharge +for the groundwaterlevel-
discharge relationship was the discharge from whole Hupselse Beek
area (approximately &30 ha), of which the B-area only constituted
0. 14 . The daily GlWlLs for each location in  the B-area were
obtained From a .regression analysis of weekly values of each
location with Assink data {(van Immerzeel, 19895). The data used for
the regression analysis were all for GWL deeper than 120 cms since
measurements in the B-area started late in the summer. From the
regression analvysis it was concluded that during the wet extreme
the GhWls in the B—area'are about 40 ¢m higher than in Assink (see
Figure 10). This is reflected in the GWL-D relationship for the B-

area.

3.3 Effects of the GWL-D relationship determination

The OGWLs of the E-area do not vary much between  particular
locations. As well as the particular GUL-D for each site the mean
GWL-D Ffor all seven locations was tested, together with three
variations of the initial water level, the mean and the upper and
lower extremes of all seﬁén location. To see the effects of the
GWL-D determination, the arbitrary extreme GWL-D relationship and
the mean GWL-~D of the whole watershed (Hopmans, 1984c) were ahplied
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as well (Figure 11}, In all these simulations the mean scaled

parameters were used as the soil hydraulic functions.

From the results in Table & it is evident that the changes of the
initial water level in B-area do not influence much the cumulative
actual evapotranspiration and groundwater levels, but effects can
be seen in both volumes and fluxes. The influence of an extreme
GWL-D relationship is stronger in the changes of cutflow flux and
the total volume of water content but less in the root zone
balance. It hardly changes the modelled actual evaporranspiration
but it decreases GUWL. The effects of the GWL-I} of the whole

Hupselse Beel watershed are the same.

The total cumulative discharge in Hupselse Beek for the period
under study is 22 mm. In comparison with the cumulative potential
évapatranspiratian, which is 448 mm per season, the proportion of
the discharge in the total water balance in the studied area is
very low, about 5%U. The value of the cumulative precipitation is
228 mm. Cumulative Ffluxes caloulated in the model for various
groundwaterlevel -discharge relationships were within the range
11-20 mm for particular locations., The extreme relation gave, 1in
combination with mean scaled seil curves, a total of 19.7 mm. The
GWL-D derived for the whole Hupselse Beek watershed produced 17.0
mm. On the other hand, the combination of mean scaled soil curves
and the mean GWL-D for the B-area only resulted in 14,9 mm. The
discrepancies which appeared in the calculated GWL due to a
changing GWL-D relationship (see Table &) are within 5 cm at the
end of the calculated season,. also for the case of the arbitrary
exvtreme GWL-D  relationship and one derived  for the whole
watershed. Obviously no significant error in the simul ated
results can be introduced using the lower boundary capdition wi th
the calculated GWL. From the interpretation of results presented
in later chapters it is gvident that the role of s0il hydraulic

functions is much more important.
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J.4. A remark about the wet reduction

As a consequence of the chosen sink term in the simulations with
the measured GWL installed as the lower boundary condition, a
reduction in the actual evapotranspiration appeared in results due
to the wet conditions at the beginning of growing season. It was
caused by the daily values of measured GBWL which are in extremes
higher than the calculated BWL. Additional values of the reduced
cumul ative actual evapotranspiration and its deficit (marked with
* in the tables) were thus rcalculated by subtracting the
reduction due to wet conditions tao get camparable results of
reduction for both types of lower boundary conditions. Values of
reduced reduction are given in Table 7. Wet conditions also
influenced all other components of the water balance simulation,
but the effect cannct be eliminated. Thizs was the reason why. as
well as the wheole summer season, & period of five days (day 2311i-
215) with no rain was also studied in some cases. FHesults are

given in Tables 8-12 and are not discussed here.
4., Faormation of the soil data inputs far particular runs

Simulations were done for two expressions for the retention
curves, the ordinary ane and the scaled ane, in combination with
five hydraulic conductivity runs, of which three belong to the
ardinary retention curve and two are supplied with the scaled
retention curve. As already mentioned, Ffrom three versions of
hyvdraulic conductivity used with the ordinary retention curve
one case should represent the raw data. The values are taken from
the work of van Iamerzeel (1984). In the tables, Figures and
further discussion this case is marked as SET 1. In SET 2 the
measured saturated .Kg values are used with the Mual em—van
Genuchten prediction of K. teo express hydraulic conductivity from
parameters of the ordinary retention curve. Thig expression of
hydraulic conductivity is often recommended as a satisfactory
alternative when there are no measured data of unsatuwrated

conductivities. SET & is again based on van Genuchten’s prediction
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of K. but in connection with the Fitted wvalues of saturated
hydraulic conductivity Ke*. The new value Ke* is created in such a
way that in combination with van Genuchten’s prediction of ¥, the
developed hydraulic conductivities represent the best fit through
the measuwred uwunsaturated conductivities (Hopmans and Overmars,

198&) . Thig set was used az the base for the scaling study.

The scaling analvysis gives an alternative expression for the spil
inputs. It seems very suitable for the description of hydraulic
properties of spils in the stoehastic approach. Scaling factors
can be derived at the basis of the similar media concept, with one
scaling factor representing the behaviour of the soil in guestion.
The theory can be used when the scaling factors obtained +from
retention curves are identical to those obtained +Ffrom hydraulic
conductivity data. When this is not true, the similarity concept
of geometrically dissimilar soils can be applied., in such case two
sets of scaling factors have to be used, one for the retention
curves and one for the hydraulic conductivities. Figure 13 shows
the relationship af the o and . scaling factors for the B-
area. It can be seen that their mutual distribution towards the
symmetry axis is rather scattered to prove the fit of the
similarity concept. The number of points (seven) is too small to
form any significant statistical conclusions. The scatter of the
secand layer is slightly less. In the form in which the scaling
theory is introduced here, the on scaling factor represents the
variations of the % parameter of van Genuchten’s expression
(Eg.1), the effective water content is the same for all locations
{compare Eg.1 and 3). Two modifications were investigated. In the
first, BSET on., the saturated water content was taken as the mean
value of 6g from all locations and stayed constant. Thus the
scaled retention curves which vary within the limits given by the
extreme scaling Ffactors [+ OO reflect only changes in van
Genuchten’s parameter o, as can be seen in Fig 13, To describe the
variationz of the retention curves more generally, the saturated
s0il moisture contents have to be scaled as well. Thus. in the

second modification, S8ET ant+8a, the saturated moisture content of
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each location was introduced to vary fig. In SET . and SET . +8g
the hvydraulic conductivities were calculated from the values of

mean scaled hydrauwlic conductivities using the o. scaling factor.

As mentioned above, in combination with one scaled retention
curve, two cases of hydrauwlic conductivities can be used, given by
the different values of saturated hydraulic conductivity Kg For
each scaling factor on and ow. Together with the unchanged V.-
it means a similar variation in hydraulic conductivities as in
the case of SET 2 and SET 3 of ordinary retention curves.
Runs which take intp account o. were done for both modifications
ot the s approach. For constant €5 the input set is marked SET

Ut and for varving @g SET dntde+Og. All Kg values are given
in Table 13.

Changes of o together with changes of 8s imitate to a certain
limited #tent alsc variations of the parameter n of van

Genuchten’s expression for the retention curve.

For reference in the following discuseion the description of all
the gets is listed below. Values of the parameters of the
ordinary retention curves and the scaling Ffactors vary for each

location.

SET retention curve hydraulic conductivities
K Fles
1 ordinary gye—balled it through data
2 ordinary ordinary measured
3 ordinary ardinary fitted
s o staled onh, constant 9 mean =caled scaled o
Ky HiX e scaled =xn, constant ©g mean scaled scaled oy
Ky + . scaled on, variant €e mean scaled scaled x,

St +8s  staled on, variant e mean scaled scaled .
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At each location simulations with the measured GWL as the boundary
condition and with GWL-D boundary condition as well were done for
SET 1, SET 2, SET 3, SET =n and SET dn+dw. For SET o#nt+8s and SET
A tXe+Be only runs with the GWL-D boundary condition were
gsimulated. In the case of ordinary soils the GWL-D derived
separately for sach location was used., For SET & the mean GWL-D
was applied as= well. For scaled soils only the mean DWL-D was

taken.
S. Dezcription of the simul ated results

Initially the results of all input combinations will be considered
for each particuwlar location. Then means @, standard deviations o
and coefficients of variation Cv for the whole group of seven
locations for each input set will be looked at. For the first

reading it is recommended to skip the whole of Chapter 5.
J.1 Results at particular locations

To understand the following description the tables of results
together with figures of zpil characteristics and tables of its
parameters should be locked at (Figures 1-7 and Tables 14-20). The
verbal description is not systematic, it 1s Just hinting at the
mast important points. The characteristics of SET on+€9s and SET
O+t are not plotted. Also their resulits in each particular
location will be discussed later for al} location at the same time

in the next subchapter,
Location 1

Scaled and ordinary retention curves of the first laver are almost
identical. K o are very similar to K3, lower near saturatidn; il I8
are higher over the whole range. In the second layer the scaled
curve shows significantly higher moisture contents in the wet part

of the curve and is less sharply s—-shaped. Conductivities K3  in
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the saturated part are more than ten times less than the data.
Scaled K @ fit KI up to 1000 cm of h, be.ing slightly, then
follow the course of the raw data. K . are in whole course
slightly lower than K on. In both layers, the unsaturated K2 are
higher than the raw data. The saturated Ks* is lower than the raw
Fesa

Scaled SET ow gives the best agreement between the two lower
boundary conditions runs, SET  on+x. is even better in GWL, but
much worse in AE. The ariginal conductivity data (8ET 1) cause a
too high deficit of AE but reasonable GWL, SET 2 {(v.b.predictiom
has no reduction but the GWL are too deep. SET % is between these
two as a mean on both sides, AE and GWL. The mean GWL-D CRaUSES
less deficit of AE and only slightly lower GWL, but there are no

important changes,

Ordinary soils have a too high water uptake for mGWL. lLooking at
the 9-h and k~h relationships. the cbvious reason seems to be the
shape of the retention curve of the second Iayér.

in this location another eye-ball fit of hydraulic conductivity
was used rather than that used in the van Immerzeel work. It is

not seen in the picture.
Location 2

The retention curve of the 1st layer fits guite well the measured
data in the saturated part. 2, FZ and Ko are almost ecual. Ko,
is less in the whole course, as well as K1, which does not express
ideally the raw data. In layer two, both retention curves are
almost identical. KI are much lower than K2 in the whele run, both
are crossing K1 in the middle range between 100-1000cm of h, where
K1 are lower. The scaled K are both quite similar, in between K2
and k3. '

All sets produce very deep GWL and have as a contrast & very high
upward flow for mGlWL. Deficits of AE are less than imm per seasoﬁ.
The only exception is SET 1 with cGWL, where the deficit is 1i.8mm
and GWL decrease only 171.5 cm,



21

Location 3

The greatest differences 1n simulations caused by the soil
characteristics appeared in this location. SET 2 (van Genuchten)
shows the most reasonable resultis for both GWL cases, the most
reasanable GWL and wpward flow, two other real s=ts go deeper in
GlWL. , both scaled very deep. With the large drop in cGWL
corresponds a high upward flow in the case of mbWL. There is an
extreme upward flow for the scaled curves.

At the top of the profile the highest reduction takes place for
SET 2 in both BWL cases. A slight reduction is for EZET x., and
SET 1, the rest shows no reduction at all.

This location behaves as a lavish profile with no reduction, high

\upward flow and deep GWL.

Location 4

This location shows the opposite behaviour frpm that of location

Z; it behaves as the least conductive location.

In the first layer the scaled retention curve is slightly higher
than the ordinary curve in the area near to saturation. K2 are the
lowest of all the approaximations.

In the second layver the scaled retention curve varies very much
from the ordinary one. V.06. KZ are again lowest, K3 are bhighest,
the Ffitted Ka® is about nine times higher than the measured one.
Both scaled Ks came back to the measured value, Ksown being lowest
aof all. Due to differences in both retention curves, the scaled
unsaturated hydraulic conductivitias are much higher (except near
to saturation) than all 1, K2, and K3,

The sraling factor of the second layer is near to I, a consequence
is that the results of scaled sets for location 4 do not differ
much  from results of runs in other locations, but are very
different in comparison with results of ordinary soil sets at

incation 4 itself. With the ordinary curves there are very high




22

reductions, highest in the v.&. case, lowest for Ffitted EZ.
Profile produces in the case of mbWL an cutflow which is almost
ten times higher than the total cumulative discharge of the Hupsel
area. 0On the other hand the decrease of cGWL is toa small. The
lepast difference between the results of the two boundary

conditions is given for SET 3.

Location &

The scaled and ordinary retention curves are again very different,
in layer one as well as in layer two. Scaled Ys of the upper laver
are similar tgo the Keg measured, here fitted ‘u* causes the lowest
estimate of K in the saturated part. K2 are highest in the whole
Fuin. The eye-ball Fits in both layers are not ideal especially in
sturated part. K&n, almost the zame as Kxw, are very =similar to
EZ. For the second layer, v.G. conductivities K2 are lowest,
except for hidh Ke* alsgo K3 are lower than the eyve-ball +Fit KEl.
Saturated FKexm and Fax. are lower than keg* but both scaled
unsaturated conductivities, which are practically equal, in

this case give higher values than EI.

iocation 3 is the orRly lacation which behaves as an "ideal" one.
There is a fair agreement between the results of the two boundary
condition runs. When SET 1 is used, it supplies the nearest
results for the bottom flux, and a small difference between GWL
calculated and measured. There ie a difference in deficits af AE.
For B8ET 3 more similar results are obtained in evapntrahspiratian,
at the bottom flux and GWL. the difference increases. SET 2
supplies the highest gap in the bottom fluxes, but very small
difference in GWL. The difference in AE is avefage.

Resul ts of scaled runs, as could be expectsd from the shapes of
the retention curves, differ very much in the GWL decrease. In the
case of mbWL it gives upward flow instead. In evapotransﬁiration

there are not big differences,.
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Location &

The retention curves for the upper laver are almost identical,

for the lower layer they differ in
highest, with Ks three times higher
well with data neither with both K2

the saturated part. H2Z2 are

than Fg*, Kl do not match too

and K3, K o are almost the

samg as kK3, except for the saturated part, where they are higher.

K e are insignificantly less. For the lower layver, K2 are again

highest, fthe fitted ka* is five times less. Kl are in saturated

part very low and do not follow the data. Ko are almost identical

with K3, but much higher in the saturated part. K o, are almost

the same as K on. The results of sets with Kl, K2 and KI are all

deficit and the deepest cBWL, BET 1

different, the fastest conductivities ( K2 ) giving the least

aives a modest AE detficit and

the nearest fit for mGWL from all three runs. The upward flows in

the case of mGUL are corresponding,

amallest for SET 1, biggest

for SET 2. Dus to the fact that ordinary and scaled retsntion

curves are 50 uniform., except for the saturated part of the second

layer, and K3 and K o~ are similarly

equal, the difference between

the results of SET 3 and SET o reflects the variation of ©= of

the second layer (0.33% for scaled,

0,298 for ordinary retention

curved. From the results it can be zseen that while the actual

evapotranspiration stayed unchanged,

run increased.Its cGWl. are less deep,

the bottom flux of the scaled
in GWL the same az for SET 1.

Since in the second layver ow is almost the same as &, the cGWL

for the SET e Fun stayed unchanged

from the cGWL of the SET on

U . Rather suwprising is a great increase of reduction in  mGWL

for SET ow..

Location 7

In both layers the ordinary retention curves do not coincide with

the scaled curves in the middle and

gfeater in the second layer. WV.fz. k2

dry part. Differences are
are higher than Kl and K3 in
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the Ffirst laver, lower in the second layer, through the whole
range, including ke. Ko, of the first layver are higher than KEZI,
axcept for the saturated part, where they differ very little {(see
Ke* and ¥e on). K x. are in its course the same as K3 and are
lower near saturation. '

Location 7 represents & relatively dry profile with deficites of AE
of about 10 mm per seascon. The QWL decrease is the least for SET 1
but in the case of SET 2 and SET 2 does not vary much. AE deficit
ig greatest for BET 1 and least for SET 2.

For SET wn there is less AE deficit but the decrease of cGWL is
rather big. With the SET . there is a high upward flow for mGWL
and an increase of reduction.

9.2 SBome general effects which appeared for particular locations

Results of SET xn+9s and SET on+ Xut+9e for each location can  be
described +or all laocations at once since introducing 9s into .
runs causes easily explainable effects as well as introducing kg
into o+ runs. These effects can be taken as a contribution to
the general conclusions about simulation behaviour.

In all locations differences between runs of SET 2 with particular
GWL~D and runs of SET I with mean GWL~-D are only negligible in
comparison with differences introduced by the change of soil

characteristics.

5.3 Mean results for the group of seven locations

The mean results of all combinatigns calculated for 7 locations
are visible in Fig 14. Means of all sets are plotted in order: SET
1, SGET 2, S8ET 3, SET on, SET stn+o; together with their standard
deviation plotted as the limit. Flots are done separately for
measwed and calculated GUWL, in.the latter case also the SET =
with mean GWL-d relationship is added for comparisaon. Values of
all results are given in Tables 21 and 22.
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There is a trend which appears along the serigs: higher depletion
af the profile represented by higher actual evapotranspiration and
in the case of the calculated GUWL by a higher depletion of the
total volume of water and a deeper groundwater recession in
sequence raw data -~ Ke fitted - one scaling factor. For +the
measuwread GWL where due to fived GUWL the balance situation is very
different, here the total volume of water i1s increasing, together
with the.value of upward flow. The set with two scaling factars is
showing results which are for all components a step nearer to the
results of 8ET 3 from which scaling factors were derived, the
actual evapotranspiration is even less than for SET Z, but at the
bottom part of the profile changes are only small in comparisan
wi th the results of the set with one szaling factor
only. Introducing O produces a further decrease of cGhL
accompanied in comparison with o, run by higher variance. In AE
there is a steep increase of deficit which is almost four times
higher than for SET ®., two times higher than for SET I and
slightly less than for SET 1. Adding o as well, the results are
similar to those of run dnt o, with only slightly deeper cGWL. and
slightly less deficit of AE. All scaled runs show the deepest GUWL

and no combination improves on it.

It can be seen that the mean GWL-D relatignship in connection with
SET Z, when compared with results of the runs where the particular
GUL~-D relationships for each location were used, has a very small
effect. Van benuchten’s prediction supplies means which are
within those of the SET 1 and SET 3 but they are accompanied by
extremely high variances, especially for actual evapotranspiration
and calculated OGWL, coefficients of variation are 2 - 3 times
higher than +For other sets. The lowest variances are in the
results of SET on, followed by SET @t k.

As has already been mentioned, the diversity of the final water
balance caused by two different boundary conditions is very

apparent in Fig. 14. Fewer differences are seen in the actual
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evapatranspiration , which is almost equal for SET 1 and SET . in
both cases, for BSET 2, SET 3 and 8ET xn+ o, higher for the
calculated GWL. Far measured GWL the variances are higher.
Differences in fluxes vary for each set, for measured GWL with
higher variances in the case of ordinary scils and smaller
variantes in the cage of scaled soils. Cumulative water content of
the root zone shows less decrease for the measured GWL but higher
variance. Basic differences are seen in the cumulative water
content and in the bottom flux. For measured GWL less depletion of
water for the whole so0il profile takes place, together with high
wpward fluues. The variability of cumulative water content vole
and flux Qe is high. Cumulative water contents in the case of the
calculated GWL are higher {(in absolute valuz) but less variable.

Fluxes ge are negative, also less variable.

When riremely high upward flow appears in the case of the
measured GWL installed as the lower boundary condition, +for the
same soil inputs there is an extreme decrease in  the calculated

water levels for the GWL-D relationship.

To get the picture about the range of all the simulated results,
the extremes of the particular simulations and the average results
of detfined soil sets and their Cv are given in Table 23. The
variance in the results for all calculated cembinations of soil
sets for both types of lower boundary conditions is given in
Table 24.

4. Discusszion of results

"0Ff the 7 locations under consideration, Location O behaves as an
"ideal" profile, since for sets of ordinary scils there is an
agreement between the measured and calculated GWL. It is the only
profile which produces the same outflow in both cases of lower
boundary rconditions. It produces very similar results for all
three sets of ordinary soils, SET !, S8SET 2 and SET 3. For all
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ather locatians there are differences between the two lcwer
boundary runs increasing with extreme behaviowr at particular
locations (location 4 is veary dry. locations 2 and 3 are very
wat): the more extreme the corresponding retention curve in
relation +to case 3, the bigger is the difference betwesn the
results for both lower boundary conditions. For the runs with
scaled hydraulic functions the situation in comparisen of the
behaviour of a particular location has another character as will

be shown later.

The wistence of two layers with nonuniform behavicur due to
independently varving soil characteristics is the reason why the
proceszses in a particular so0il layer cannot always be clearly
traced, since there is a combined effect from both lavers. In a
few extreme cases the other layer has a stronger influence than
the one we are looking at. Also the allied influence of all
parameters of seil hydravlic functions can be intricate in tracing

the effectse of particular parameters.
6.1 Effects of wun

The set of calculations with scaled characteristics and
calculated GHL supplies results in which the virtual effect of
each layer can be partly seen, since only parameter o is
changing, Ffor the second layer often has values near 1. This is
the reason why =o much attention has been paid to this set. In
Table 23, the results are classified with decreasing groundwater
levels at the end of the calculated periﬁd. A number of arbitrary
additional simulations for combinations with X%, equal to 1 are
added. When the influentce of scaling factors aof both layers is
looked at, it is evident that in most cases the scaling factors of
the bottom laver have the strongest influence on  BWL movement
regardless of what the value of the upper layer scaling factor is
{(Tab.23, cases marked 6-%). However, Ffor example in case 11
(results for location 4}, which has the same scaling factor x. for
the upper layer as in case ?, the smaller =, of the second layer
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means drastic changes of the whole water balance, including GWL.
Only e stayed unchanged. This means that the role of the upper
laver was also governing the GBWL movements here.

The actual evapotranspiration seems in a few gases to depend more
on the upper laver parameters but the effect is not =ta)

gtraightforward.

To dudge the influence of the on parameter, the conclusion can be
drawn that deseper calculated GWLs are obtained by shifting the
scaled retention curve of the second layer up (by smaller dn). Ey
shifting the scaled retention curve of the upper layver up, higher
actual evapotranspiration can take place ( Remark: changes of
retention curve due to changes of o can be regarded as vertical
shifting only when h is taken on a log-scale, on a normal scale
the changing of o introduces a slight rotation of the retentian

curve).
.2 Effects of bg

Large effects can be introduced due to changes 1in ®8&. The
difterences in saturated soil moisture content are the significant
reason for large discrepancies between the results of simulations
with real and scaled ( xn) snil characteristics. A good example is
shown in the results for location 4 in the comparison of real and
scaled runs, where only 8g of the second layer varies for the
scaled retention curve, with the rest of the soil characteristics
practically unchanged. Here the decrease of on causes a large
fall in the calculated GWL for BET 3 soils. When 8 is introduced
together with on, cBWL is deeper than in SET I but the discrepancy
in AE then appears. Comparison of runs . and on+8= in particular
locations indicates a clear negative relationship between the size
of 2« and the decrease of cbWL (see Table 24%). It is evident from
the same table that in the first layer there is a general
negative dependence of AE on the size of 9« for the first' layer
atthough in two cases this is not true. It  has already been

mentioned that wvariations of the xn and 8s parameters together



29

substitute variations of n but not in the whole range of effects

which variations of n itself could intraduce.

4.5 Effects of Ha

The effects of ¥ estimation can be studied on three different
combinations af +runs and are shown in Tables 27, and 28.

The clearest pictwe is given in the comparison of SET 2 and SET =
{(fitted Ke™) since the greatest differences in hydraulic
conductivities arise due to the Eg* fitted. Looking at the second
layer there is a positive relationship between Ke and the GWL
depth, the increasse of Ee is followed by a deeper GWL in  all
locations. In the upper laver the relation between Ks and the AE
deficit i=s opposite, with higher Es there is less reduction. For
two locations this is not true.

In the remaining two comparisons where the change of FKEa is
introduced through @ scaling factors the differences of ks are
much smaller, neverthkeless the same rules appeared as in  the
ordinary soil comparison (KZ-KE3) already described, only with more

exceptions (especially in the upper layer on AE effects).

7. The comparisaon of deterministic and randomly generated results

In Table 29 are the mean results of 36 runs in which the scaling
factors o and the saturated moisture contents &g of each laver
are randomly generated and used then with the mean scaled
retention curves to create the s0il input sets. These sets
represent the stochastic  approcach to the treatment of soil
hydraulic characteristics. Since . and ©a are generated from
whaole distributions af o and €, higher wvariances can be
expected. Results should correépond to the results of SET on+ €
where the soil inputs were built up in the same way {this means
with the scaling factors «. and the original saturated moisture
contents 9e in combination with the mean scaled retention curves)

and resemble the deterministic approach as well as  other sets
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discussed 1in previous chapter. It can be seen that for the
randomly generated (RE) soil inputs, in the results at the end of
the caltulated season a slightly less deep mean GWL appears with
less variance, and less mean EA deficit also with smaller
variance. When compared with the results of SET 3 which was the
base for scaling then the RG set gives egqual mean AE values with
higher variance, but much lower mean cBGWL with smaller variance.
In comparison with the mean daily value of the mean measured GWL
for the B-area at the end of calculated period, the related mean
value of cGWL for SET 3 is approximately 30 cm deeper, for RG set
445 cm deeper (far S8ET ant+ g is 49cm deeper). There are no

measured data to compare AE values,

Since the RE results fit very well with the corresponding results
of tﬁe deterministic SET ant €8, the chosen procedure of Monte
Carlo generation ef sgil parameters within their known
distribution (Hopmans,1987) has proved to produce very reliable
results. Thus the stochastic treatment of the soil inputs used in
the deterministic model can be highly recommended for analvsis of
the spatial variability effects. A careful choice of combinations
of on and 98 at critical confidence limits of their {frequency
distributions could keep the numbher of necessary simulations
quite low and still within the safe range of outputs., It would
avoid the long computer-time needed to create the large randomly
generated set.

In this study, the reason why the results of all the scaled runs
including the RG set differ from the results supplied by oardinary
s0ils SET 1, or better from the measured reality in GWL, has to be
looked for in the process used for the determination af the scaled
retention curves, or in the fitting of the retention curve

parameters thirough the measured data, respectively.

The retention curve and the hydraulic @ conductivity tdgether
represent for sach soil the strict rule of behaviour. When we
want to obtain reliable simulation resuwlts from ocur models this
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rule has to be the closest wne €0 the ruwle which is hidden in  the
scatter of measured data. The fitting of approximation curves, so
important for smooth computing, can introduce departures from the
ariginal 1aw. Here the effects of wvarious departures have
appearead,

It is krnown that wvan Genuchten®s prediction of hydraulic
conductivities in many cases does not give good results in  the
near saturation part since the decrease of K. is too steep there
(van Genuchten and Nielsen 1985, Vogel et al.192803). The similar
media concept and van Genuchten’s K prediction are both built on
the capillary models theory (Miller and Miller 1934, Childs and
Collis-George 1953, Brooks and Corey 19464, van Genuchten 19782).
Thus, when conductivities are expressed from the v.G. formulase,
and retention curves are similar, also K, are similar., and only
the Ke distribution can cause differences in scaled .. Here,
from two sets of Ke distribution which were in combination with
the ordinary soil under concsideration, the original measured Ks
represent one extreme of the estimated saturated hydraulic
conductivity and the fitted Kes the opposite eutreme. It can be
seen from a comparison of the écaling factors {(see Fig 12) that
the digsimilarity was introduced by the extrapolation of the kKe*,
The scaling factors of the original Ke were not developed but the
scatter of this set of Keg is apparently much smaller (less
variance; see Table 13) than for the fitted Kg¥*. Also the mean
cBWL of the run of SET 2 with the original Ks is nearer to the
mean of the measured GWL. All data here represent one soil type
and similarity can be exﬁeﬁted. From the point of view of other
s0il types they should be regarded as homogendus. Nevertheless
this was neot found, since the parameters of the retention
eurves, as developed by the routine fitting program, are too
diverse Jfor each site. From discussion of the influsnce of the
particular' parameters it is evident that a great variation of
recsults can be introduced by little variation in the retention
curve parameters. Thus after zall it seems more convenient to  try

to reach more similar effects of hydraulic properties by
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evaluating more similar retention curves than by fitting the new
Fe*. Then also the mean =caled retention curve could represent
bhetter the whole set of data and would allow the RG results to be
closer to reality. There is a question of the number of retesnticn
tuwrve and hydraulic conductivity data needed for reliable scaling
analysis when one soil type iz considered. The best way to

determine the mean scaled curve needs to be studied further.

Here only the description of the results and their discussion has
been done tgo document the work for purposes of any Ffurther use,
a more detailed analysis will be reported in & short time. In
Apnendix there are examples of seasonal courses of water balance
components for combinations of soil input sets and lower bnﬁndary

caonditians.
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FParameters of soil hydraulic functions
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surface layer subsurface layer
&, 0.0 Q.0
g 0. 299 Q.39
% Ll/emd 0.01743 0.01387
n 1.3787 1.4024
Famocm/dayl 22.79 45,74

Table 2. Parameters of mean scaled characteristics derived for

the B-area

aurfacé layer subsurface 1laver
Dy Ay Ky Oy
location
i 0. o007 O, 7082 1.2924 ©.8168
2 00,7151 1.4179 0©.7170 0.7887
3 0. 5194 0, 6352 Q.BI6% 1.4023
4 20356 1,.4355 1.1714 0.9439
S 1,0347 Q,.9848 1.1763 1.171%9
& 1,2672 1.0177 1.104&73 1.0445
7 1.1370 0.8058 0. 6985 0.8318
9] 1.000 1.000 1.000 1.000
o 0.5284 00,2986 0.2254 0, 2081
Co% 92.8 9.9 22.9 20.8

Table 3. Parameters of scaling factors derived for E-~area
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surface layer subsurface laver distribution
X Al -0, 06618 ~-0.01182
T 0, 24724 0.11125 log-—normal
Om 1 0.299 0.339
r €, 0283 SRR N normal

Table 4. Farameters of on and 9z distributions for the B-area

Ay - Bg Gll.sa
GWL - D
of location
0. 1622 -0, 02352 -57.0
2 0.1581 —0,.02751 -5l.5
3 0.1781 ~0, 03103 ~4%2.5
4 0.2155 0. 02894 -5%.7
S 0.1348 —-0.02514 ~50, 0
) 0. 180% -0, 02514 -61.7
7 G.1678 ~Q. 02516 ~38.7
mean of 7 locat. 0.1687 -0, 02674 ~55.45
arbitrary extreme 1.04Q0 —Q, 04250 —~mD . 45

mean of Hups.Beek 0.8523 -0, 03592 -78.0

Table 9. Farameters of discharge-groundwaterlevel relationship

Eemil
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evap deficit Qo = P vol, vole GUWLoo GWhorx h
feml  Leml Ceml Ecm) Lcmd Lem] L[eml Cemld Leml
GWL-D
mean 44,31 Q.07 15.79 —-1.463 =3.0B ~20.51 -4%2.5 ~-218.4 -1467
mean 44,30 0,08 14,18 -1,35 -R.68 -20.14 ~51.7 -219.9 -171
me an 44,720 0,08 15,99 —-1.49 -2.88 -20.31 -95.4 -218.9 —~1&9
extreme 44,29 0,09 15,93 -1,.97 ~2.93 ~-20.92 ~-09.4 -222.1 -173

whole Hupsel 44.27 Q.11 15.84 -2.59 ~3,00 —-21.385 -53.4 -224.1 —178
whole Hupsel 44.24 0.14 16.30 -1.70 -2.30 =20.34 -78.0 -228.2 -184

Table &. Effects of various groundwater-level discharge relationships
in combimnation with various initial groundwater levels (GWLes)

aon the water balance at the end of the calculated period

with wet reduction without wet reduction
SET 3 gy (- U 2 I = AR Wy F X
location
1 1.2 1.1 1.1 1.3 0.1 0.3
2 1.4 1.5 1.4 0.0 0.0 0.2
3 1.5 1.8 1.5 0.0 0.0 0.0
4 7.0 0.9 4.7 &.7 0.4 4.2
S 1.9 1.9 1.9 0.1 0.1 0.1
& 1.3 .9 1.9 0.7 0.3 1.5
7 3.1 1.0 2.0 2.3 0.2 1.3

Table 7. Changes in reduction due to wet conditions, measuread

groundwater levels, whole period [X]
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o

evap deficit - Oe vol,. vole t red
feml {ecm] Ecml Ecml Ccml] tcml Leml %
location
1 1.88 .16 0. 80 -~0.01 -1.0% =~1.81 -1170 7.8
2 1 . ‘?(? ‘:)I C’S 1 [ EC’ OI —-t:’. 69 _1 » 94 ‘“489 2- 45
K1 2.03 Q.01 1.96 Q. Q.38 -1.99 -284 0.3
4 1.73 .29 0.77 ~0 e 02 -2,97 ~—1.84 ~2480 14.2
9 2.01% 0,03 1.07 =0, 01 -0.24 -2.05 ~405 1.5
6 1-85 (:)l 1? 0-84 _D-t:)l -1.(:){:] ——1-86 '—16(:}0 9-3
7 i.&64 Q.40 .78 -0, 01 —0.86 —-1,70 -271¢ 19.6
0] 1.85 0,19 0.98 -0,.0086 -0.90 ~1.846 7.4
0. 15 0.13Z G323 0,008 0,320 Q.15 7.3
Cvi B. 20 58.4 as . 80 74.50 2230 B.10 8.0
Table B. Scils SET 3, calculated groundwater level,dry period
evap deficit Qe Qe vole- vol e h red
fcml Leml Ecml Cemld Leml feml [Lemld %
location .
i 1.98 0. 08 1.00 0,21 Q.27 -1.77 —-399 2.9
2 2.5 0.0t 1,865 0.94 -0.40 -1.11 -1932 Q.5
3 2.04 G, 0 1.82 1,20 —0.22 -0.84 -190 a.0
4 Q.94 1.10 0.4% 0,38 Q.50 -1.32 -59380 53.%
] 1.99 0. 05 c.78 Q.00 -1.00 -1.93 -257 2.5
& 1.82 Q.13 0.82 U.249 =~1.00 —1.,45 =710 7.4
7 1.61 0, 4% 0.74 O, 09 ~0. 8% —1.49 —28830 21,1
0 1.78 Q.26 1.09 0,31 -0.73 -—1.44 12.6
r 0,37 Q.37 O.46 0.51 Q.52 0,38 i8.2
Cv# 20.80 142,73 43,30 1464, 00 44,00 265,00 144.0
Table 2. Soils SET 3, measured groundwater levels, dry period
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evap deficit Qe Qe voal .- vole h red
Ecml Ccml Lemd Eemd Ceml Ccml L[eml rA
location
i 2.01 0,03 1.720 0.40 —Q.72 -1i.61 ~377 1.5
2 2.0F 0.01 1.41 Q.90 -0.62 -1.13 -293 0.5
3 2.03 0.01% i1.&4 1.18 -0.40 -0.85 ~-237 0.5
4 1.90 0.14 1.47 .48 -0.85 =-1.46 -—1010 4.9
S 2.01 0.03 .22 Q.44 -0.7% -1.55 -421 1.5
& 1.96 0.08 1.08 0.53 -0.88 1,62 =754 7.4
7 1.92 0.05 1.17 0. 60 -0.81 -1.38 ~543 2.45
@ Z2.00 Q.05 1.327 O.62 —0,72 =-1.41 2.468
(4 V.06 0.04 0.19 0.29 0.15 0,32 2.38
Cvi4 2.90 B80.0 14.80 45,00 21,09 22.850 8%. 00

Tabkle 10, Soils BET wn, measured groundwater levels, dry period

evap deficit Qe Qe vol ., vol ln} red
Lcml Leml Ecml Ceml Leml [cml Leml 4
iocation
1 2.01 0.03 1.21 .13 -0.80 ~1.87 -411 - 1.5
2 2.04 0.0 1.79 1.25 -0.29 ~0.79 -190 0.0
3 2.04 0.0 1.96 1.60 -0.08 -0.473 -152 0.0
4 1.27 0.77  0.68 ~1.12 -0.58 -1.14 ~4060 32.7
ts] 2.0 Q.04 1.19 Q.43 -0.82 -1.548 ~4 b2 2.0
6 1.78 0.246 Q.87 0.18 -3.92 -~1i.61 —2010 12.7
7 1.80 _ 0.24 0,721 0.44 —0.20 -1.37 ~1820 11.80
o} 1.85 0.19 1.23 0.42 -0.462 —-1.25 8.37
T 0.26 0.26 0.44 0. 81 0,31 0.47 11.00
Cv% 13,90 126.8 3I6.10 195, 00 48.80 I7.2 128, 00

Table 11. Scils SET an+oxw., measured groundwater levels, dry period




SET GWL.—D
@
A mean o
Cvi
o)
X e an o
Cv7
L]
XA+ mean (13
Cv%
e}
3 of locat o
CvZ4
mes A mean
scal ed
Table 12. Comparison
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evap deficit

Ceml Leml
1.78 0.26
0.37 O0.37
20.8 142,32
1.99 0.05
0.04 0,04
2,20 80.0
1.85 0.19
0.26 0.2&
13.9 134.0
1.88 0.16
0.13 0,13
.90 B84.4
1.98 0.06

Q-

Ecml

.13
0.48
41.64

1.27
0.19
14.8

(o
k)
L]

.44
6.1

1.02
0.29
28. 1

of average results

Qe vl -
[cml] [cm3
.34 ~0,71
0. 51 .30

151.0 42.35
Q,2% 0.15
4&H.0 21.0
0.42 -0.62
0.81 0. 321

195.0 48.8

-0.009 —0.8%
0,008 0O.22
74.5 26.4
"'"t:)c 01 —'{:’. 88

H dry period

vole red

Ecml L%
1.9 12.6
0.57 18.2
17.3 144,0
“1-3? 2-7

Q.2 2.
1.3 89.0
—3.29 g.6
Q.47 11.¢
A7.2 128.0
-1.B9 7.9
0.1 &.6

5.7 @83.3

~-1.%28 2.9

of 3 days
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saturated hydraulic conductivity [em/dayl

origin measuyred fitted through =nm through o
marked in text K Ea* . stie B X e
used in SETs 1,2 3 Uy g K+ ApF ey Ko+ A+

surface layer

location

1 7h.0 10,3 7.46 14.7%2
735.0 80.13 15.21 59.81
3 18.0 25.46 I.04 11.93
4 5.0 Q6. 33 123.3 61.30
= 25,0 11,03 1.9 28.85
& 4.0 31.14 47.8 0.8
7 F1.0 40,04 7.8 19. =
1] 59.1 42, 06 iB.07 2.4

T 29.8 31.1 27.95 18.9

Cv% 50.3 73.9 @R.7 58.4

subsurtace layer
location

1 ' 5.0 | 3.53 75.8 0. 25
2 40,0 .92 23,3 28. 20
3 73.0Q &95. 0 Z1.75 B89.164
4 S2.0 420,19 62.23 40, 40
5 48.0 138.5 62,7 62,3
& 110.0 19,06 b b P - 49 .44
7 15.5 _ 47.32 22,1 21,37
%] 61.9 120.5 47.4 47.3

0.4 247.1 20,0 20.5

Cv7 49,0 130.0 41,9 4.5.3

Table 13. Values of saturated hydraulic conductivity as used in

particular soil sets
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1 - 7. Retention curves and hydraulic conductivities
particular locations 1 - 7
a) retention curves in logih! scale and

b reterntion curves in normal scale

X measured points
SET 1. SET 2, SET =
L] SET “h’ SET uh"'uk .

-— o e SET l‘ﬁh""&gg SET ﬂh""’ﬂu"‘ea

o) hvdraulic conductivities

¥ measured points
— - - SET 1
E B u a & SET2
e SET =
d) hydraulic conductivities
* measured points

SET 3 (base for scaling)
- - - SET oih, SET &nh+8g
..... SET wht+ak, SET Xh+®u+ts
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Figure 13, The influence of scaling factor %= on the shape of
retention curves., The full line is for the mean

retention curve
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Comparison of mean results and standard deviations
of the particular components of water balance for
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Appendix : Exaﬁples of seasonal couwrses of components of water
balance for combinations of soil input sets and. lower

boundary condition
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The influsnce of the lower boundary condition,
differences hetween mGWL. as lower boundary condition
and two types of GWL-D relationships as lower
boundary condition: shown for Location 3 (very wet)

and Location 4 (very dry)
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Figure 1&. The influence of three types aof hydraulic
conductivities in conmrection with ordinary retention
curvet: for both lower boundary conditions for

tocation 4
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Figuwre 17. The influence of three types of hydraulic conductivities
on the calculated GUWL for two extreme locations (3+4)
and for the "“ideal" location (53 compared with
measured GWL
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Figure 18. The influence of three types of hydraulic
conductivities in connection with ordinary retention

curve for Location 33 calculated GWL
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Figure 19. The influence of scaled soil hydraulic functions on
the ssasonal courses of components of water balance
for two extreme locations, compared with results for
SET I3 measured DWL .




113

DAYS ( 10 +1 )

[=)
o-—
o
"]
EVAPOTRANSPIRATION -1982
9 Location 3 SET 3 mauWL
?g" - mr= BET &ntota mGWL
‘f’ veses SET otn mGWL
c
° 8L
- O
o™
[
P
w o
c 9
0 g
L ™
e
[-%
0o
» O
v 5"
| | ! | ] 1 | | |
a2 13.14 15.17 17.19 19.21 21.23 23.26 25.28 27 .30
DAYS ( » 30 +1 )
Q
o
=)
wn
EVAPOTRANSPIRATION -1982
o Location 4 SET 3 mGWL . ::,
S SET ontou mBWL e
et
t: N cessu SET Ol mBWL T
o
.-/. f‘
= 4=
-
w M
[ N
a
n o
c ©L
-
LN
-
Q
o
R o
> C’_
=
| ] | | | | | | |
naz 13.14 1517 17.19 19.21 21.23 23.26 25.28 27 .30




114

o
Q
o
[}
r REDUCTION - 1982
o i\ Location 3 9ET 3 miWL
o
1 SET op+a,. mGWL
nreeee SET Op mBEWL.
[
o
2
o™~
c -
=]
=
(L3N =]
20
° e
L]
o
o
2
L —'-x
| | | ! | ] | | |
11.12 13.14 15.17 17.19 19.21 21.23 23.286 25.28 27 .30
DAYS ( « 30 +1 )
[=)
9
o
o
REDUCTION - 1982
o Location 4 SET X mGWL
L]
o SET atrnto, mGWL
L LB BN N ] SET «h IIIGWL
-
N~
@
(3]
ca-
Q
Go
20
oo
L4
x
o
(&)
+

| | I
1.2 13.14 15.17 17.18 19.21 21.23 23.26 25.28 27.30
DAYS ( =10 +1 )




115

flux at root zone [ecm]

[=]
a_
(o]
o~
FLUX AT ROOT ZONE e

=} Location 3 BET 3 mGHL, ) )
2" _____ SET cintone mBWL
B vesses SET an mGWL
[=]
<
o
o
0
w
[+
a

L ] [ | i | 1 | |

11.12 13.14 15.17 i7.19 19.21 21.23 23.26 25.28 27 .30

DAYS ( » 10 +1 )

at root zone L[cm]

flux

[=]
& _
o
(o]
FLUX AT ROOT ZONE
o Lacation 4 SET 3 mGwL! P
- p— /-
" eve— SET &htoe MGWL e -
ceees BET @n  omBWL T
[=]
[=]
o
[=]
o
w
o
Q
\ \ ) { | \ |

i J
11.12 13.14 1597 17.19 19.21 21.23 23.26 25.28 27.30
DAYS (2 10 +1 )




116

flux at boettom Lcm]

$.00 10.00 15.00 20.00

.00

Location 3

FLUX AT BOTTOM -
SET 3 mGUWL

1982

- == SET on+o,. mBWL
SET ¢

mGWL

i |

! | |
19.21 21.23 23.26

11.12 13.14 15.17 \7.19 25.28 27 .30
DAYS ( = 10 +1 )

(=)

Q__

=]

[a') .

FLUX AT BOYTTOM - 1982

g Location 4 SET 3 mBWL.

wl = mom BET Gnto mGWL
- -
€ cnver SET g mGEWL
L4
et

[=]
e T
QO
-
[ ]
L0

[=]
-~ 9]
o 1n _
E) ‘J,-~"“
E) o — =t
- S
[358 el S

e
- -
! I ] |
21.23 23.26 25.28 27.30

+1 )




117

-Q0

WATER AT ROOT ZONE

-11.00

] i | | |

(=3
~9
E ~
[3]
L |
(5]
€8
N

1
e Lacation 3 SET 3 m&WL
[=]
tg - BET &h+c mEWL
';P:.. s s asse BET ah mGWL
[
L)
- 0
[ =]
*x

T

| | 1 | | | | | )
11.12 13.14 1517 YE] 19,21 21.23 23.26 25.28 27.30
DAYS ( = 50 +1 )

(v

<

v}

WATER AT RODT ZONE

o Location 4 SET 3 mGEWL
';f - = SET Sthtotie mEWL
o cvens SET o mGWL
L]
€3
N

t
e
Q
o
[ S = ]

e
hall
o |
[
[ 5]
o
k]

112 13.14 15.17 17.19 19.21
DAYS ( »

10

21.23 23.26 25.28 27.30

+1

)




118

10.00

-2.00

L g At

~14.00

water storage Lcml
-26.900

-38.00

WATER STORAGE - 1982

e
-ﬁ‘
R P
L YT
TN e e ‘r‘*h_—\.
e = T Y R T e P g P

Location 3

SET 3 mBWL

— == BET &n+tte mBWL
vssea SET op misL

| 1 £ l ] I

7719 19.21 21.23 23.26 25.28 37.30
DAYS ( = 10 +1 )

10.00

~2.00

~14.920

water storage Lem]
-26.00

-38.00

WATER STORAGE - 1982
Location 4 SET 3 mGWL

it SET Gpatoty, mGWL
venne SET o mGWL

LR N /..,_.__.r""'-"-‘-'.:“,f_ .
e Nl ey

’
o o IR, D

! L A1 | i |

17.19 19.21 21.23 23.26 25.28 27.30
DAYS ( » 10 +1 )




