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Abstract Weevaluated the WAVE 2.1 and the EURO-ACCESS-IT models for the dynam-
ics of volumetric soil water content in a cropped soil under Mediterranean conditions. A detailed
data set was constructed for a furrow-irrigated experimental plot on a homogeneous sandy soil,
cropped with maize during the seasons 1992 and 1993, The calibration and the validation results of
the models were evaluated by using both simulation graphics and two specific modelling evaluation
statistics: the root mean square error and the modelling efficiency. Results showed that both models
were able to predict the fate of water in this coarse textured irrigated soil subjected to semi-arid
Mediterranean environmental and agronomical conditions. Reasonably good predictions of soil
moisture were obtained by the models when considering total soil moisture storage in the root zone
of plants. The deviations between the predicted and observed moisture values increased when con-
sidering each soil layer separately. Sensitivity analysis showed that the input values of the crop coef-
ficient have a significant influence on predictions made by the WAVE 2.1 model. The input value of
leal"area had a significant influence on the predictions of both models. Calibration for the specific
environmental conditions of the field sites is required before using any of the two models. Special at-
tention must be given to the input values of those variables which are most affected by spatio-tempo-
ral variability within the field.
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INTRODUCTION

The management of water resources in arid and semi-arid areas causes fre-
quent conflicts between different sectors of the population. Most of the pressure
goes to the agricultural sector, responsible for the consumption of about 80% of
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the water resources in many of those areas. As a consequence there is an increas-
ing demand for information oriented to a better water management in agriculture.
In the last two decades several models for the simulation of water fluxes in the
soil-crop system have been developed. Some of these models are nowadays con-
sidered as useful tools in the task of optimising the use of water resources at dif-
ferent levels, from individual farms to whole regions. Two of these models,
WAVE 2.1 [15], from now on referred to as WAVE, and EURO-ACCESS-IT [2],
from now on ACCESS, are comprehensive models with different modules or sub-
models for simulating the fate of water, heat and solutes in the soil-crop-atmos-
phere system. Thus, WAVE has been used for simulating from drainage fluxes
[10] to transpiration under ditferent conditions of water in the soil, besides its re-
cent use in simulating pesticide leaching [13,14]. The originally one dimensional
ACCESS model, after being implemented with a horizontal flow sub-model
[12,18], is able to take into account bypass flow through cracks and macropores.
Uncertainties arise, however, when the models are used for conditions different
from those to which have been previously tested.

In this work we evaluate the capability both of the WAVE and the ACCESS
model to predict the temporal evolution of the volumetric soil water content in a
furrow irrigated plot cropped with maize located in a semi-arid region in South-
west Spain. Both models were calibrated and validated with two different field
data sets. We followed the recommendations given by Stawinski ef ol [13] for the
models evaluation. Sensitivity analysis was carried out to identify the crucial input
parameters of both models.

MATERIALS

The models

The mechanistic-deterministic WAVE model [15], considers different soil lay-
ers within the soil profile explored by the roots, each subdivided in space intervals
called the soil compartments, which thickness is specified by the user. The model
inputs are specified on a daily basis and the model yields daily outputs to a maxi-
mum simulation period of one year. The water transport module of the model
solves the Richards equation for a set of variable boundary conditions. The soil
moisture retention characteristic and the hydraulic conductivity values must be
specified for each soil layer, and can be described by means of different paramet-
ric models. The crop growth module calculates the time course of the leaf area, the
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accumulation of the dry matter of the different plant organs and the root length
and root density extension rates. Further, crop coefficients (K.) are needed to con-
vert the reference evapotranspiration (E7}) to the potential crop evapotranspiration
(ETc). The soil water component of the ACCESS model [2,8] solves the one-di-
mensional Richards’ equation for a vertical soil profile [2,8]. The soil water bal-
ance submodel was modified by involving an option for preferential water flow
through soil macropores [12,18]. As in WAVE, ACCESS works on multiple soil
layers and the results are given as daily values.

The data sets

The experiments were carried out in the experimental farm La Hampa, of the
Instituto de Recursos Naturales y Agrobiologia (37° 17° N, 6° 3° W, 30 m a.s.l).
The area is typically Mediterranean, with an average ET- (grass reference) of 1397
mm and an average rainfall of 494 mm (period 1971-1999). Details on the experi-
ments are given by Moreno et al. [11] and Fernandez ez al. [5]. Basically, maize
(Zea mays, Prisma) was grown from 1991 to 1996 under Mediterranean manage-
ment practices in the Guadalquivir River Valley. Rain falls mainly from October
to May, being dry and hot for the rest of the year. About 625 mm of water were
supplied by furrow irrigation during each crop season (end of March middle of
August) to cover the crop water needs. The soil showed to be highly uniform with
depth and was classified as a sandy loam Xerochrept. Physical properties of the
soil are summarised in Table 1. Measurements of soil water content (6, m> m'3;
neutron probe and gravimetry), soil matric potential (h, MPa; mercury tensiome-
ters) and hydraulic conductivity (K, mm h'l; the internal drainage method) were
taken at three representative locations within the plot. Crop height (4, m) was
measured five times during the crop period of 1992, and every week in 1993.
Table 1 Mean physical soil characteristics of the experimental plot. The values shown are the
mean of 25 replicates for textural values, and between three and nine replicates for physical values

(O-M.= organic matter; Dy = bulk density; Oz = residual water content; 0s= soil water content at
saturation; K = soil hydraulic conductivity near saturation)

Depth C.sand F.sand  Silt Clay . OM. Depth Dy 6z Os Ku
(m) (%) (%) (%) (%) (%) (m)  Mgm®) m’ m?) (m’ m™) (mmh™)

0.0-0.5  62.1 15.8 8.6 135 0.88 0.0-0.2 145 0.07 0.21 110
0.5-1.0 579 17.6 8.5 16.0 0.55 02-04 155 0.07 0.23 40
0.4-0.6 1.55 0.08 0.23 20
0.6-0.8  1.65 0.08 0.25 9
0.8-1.0 1.65 0.08 0.25 4
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These measurement were done on one plant of each 5x5 m grid (n = 25). Leaf
area index (LAI) was determined for the fully mature crop in 1992, and every 7-10
days in 1993, on three plants of a representative size. Root depth (z», m) and crop
yield (¥, kg ha_l) were determined at the end of both crop periods. The crop eva-
potranspiration was determined from the water balance equation applied at the
plot level by Ferndndez et al. [5]. The values of ET, needed for determining K¢
were calculated from the data recorded at the automatic weather station of the
farm, some 120 m from the experimental plot.

The models testing

The measurements carried out in the experimental field during the 1993 crop
period were used for calibrating the models, since this was the most detailed data
set. For the validation phase, we used data of the 1992 crop period, and no adjust-
ments of the models parameters was thereby done. The models were tested follow-
ing the protocol described by Vanclooster et al. [13]. Measurements carried out by
Angulo et al. [1] showed marked temporal variations of the hydraulic conductivity
in the range near saturation (Ksas). Since this is among the parameters considered
in the models as being static, a mean value for the whole calibration period was
considered as initial parameter set. The model parameters were calibrated by the
trial and error method, minimising thereby the difference between the simulated
and measured data. The final value of the parameters was always kept within the
range of physical possible values.

In the WAVE model we used the power function formalism of the van
Genuchten model [17] to describe the soil moisture retention characteristic, and
Mualems model [12] for the soil hydraulic conductivity relationship. The time
courses of LA/ and =, were considered as model inputs. Daily data of LA were in-
terpolated from the measurements made in the field. Three K. values were input in
the model, 0.8 for the crop stage of fast growth, 1.4 for maturity and 0.7 for senes-
cence. These K¢ values were obtained by Fernandez et al. [5]. For the evaluation
of both the WAVE and the ACCESS model, simulations were done up to a depth
of I m, which includes the major part of the root system [5]. Five 0.2 m depth soil
layers were considered, each divided into two 0.1 m numerical compartments. The
water content of each compartment was measured at the beginning of the simula-
tion period, and was specified as model input (0 inirial). For the numerical solution
of the Richards’ equation the soil profile was divided into homogeneous genetic hori-
zons, and each one of them was characterised by a set of hydro-physical parameters,
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including the soil water retention and hydraulic conductivity curves. For charac-
terising the soil hydraulic properties we input the m, n and a parameters of the van
Genuchten function, plus the values of 8,, 65 and K, determined in the field (Ta-
ble 1). In the ACCESS model, these parameters are converted to those required by
the Clapp and Hornberger relationships [4] used by the model for describing the
soil water retention and hydraulic conductivity curves. In the ACCESS model the
daily LAT values are calculated based on the so called accumulated heat unit, HU,
and the heat unit for maturity, MHU. The value of HU is the sum of degree-days
from the beginning of plant growth, and MHU is 1950 degree-days for maize. The
root length (L, cmroot cm'BSOil) as a function of time is calculated using the curvi-
linear function proposed by Borg and Grimes [3]. The maximum values both of
LAl and Ly are input into the model, as well as £7}. The ACCESS model does not
use the K¢ coefficient.

For the evaluation of the predicted results, both simulation graphics and mo-
delling statistics were used. The graphical evaluation concerned the seasonal time
courses of 0 in the five considered soil layers. Two statistical model indicators
were used, the root mean square error (RMSE, the percentage of overestimation or
underestimation of the predicted value as compared to the mean observed value)
and the modelling efficiency (EF, the degree to which the predictions give a better
estimate of observations compared to the mean of the observations) [7].

RESULTS
Calibration

Figure I shows the measured and simulated values of 0 at five different depths for
the 1993 cropping season. These graphical calibration results are completed with the
statistical model indicators calculated for the same period (Table 2). Lower values of
RMSE were obtained with WAVE than with ACCESS, except for the 0.2-0.4 m and
0.4-0.6 m soil layers. The RMSE suggests that WAVE was slightly better in simulat-
ing 6 than ACCESS. The same conclusion can be drawn when analysing the values of
LT for each soil layer. When considering the total soil depth explored by the roots
both models yielded similar EF values. The results of the sensitivity analysis (Table
3) shows that the simulation prediction of the crop water consum ption by both models
depended very much on the input values of LA/, as well as on K¢ for WAVE. The val-
ues of Ky resulted to be less crucial than those of LAJ and Ke, and those of 8;pitial
were relatively crucial for WAVE, but not for ACCESS.
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Fig. 1. Results on the time course of the soil moisture in the five soil layers considered in the evalu-
ation of the WAVE and ACCESS models during the calibration phase in 1993. Thick line: WAVE;
Thin line: ACCESS; Points: average of three measured values; Vertical bars: 95% confidence inter-
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T able 2. Statistical performance criteria for the simulated volumetric water content in the different soil
layers and complete soil profile during the model calibration (1993 crop period) and the model validation
(1992 crop period) phase. n = number of observations or predictions; RMSE = Root mean square error;
EF = model efficiency. Details on the statistical indicators are given in the text

Calibration: Validation:

1993 crop period 1992 crop period -

D(ep)“‘ _ WAVE  ACCESS _  WAVE  ACCESS
m n

o ~ RMSE EFF RMSE LF RMSE EF RMSE EF
0.0-0.2 21 21.96 -0.08 35.97 -1.89 18.21 -4.69 19.18 -0.25
0.2-0.4 21 26.16 -1.34 24.08 -2.77 16.38 -0.57 24.41 -3.93
0.4-0.6 21 19.56 -1.91 18.72 -8.97 2033 -0.27 21.66 -7.06
0.6-0.8 21 17.99 -7.61 22.63 -12.71 26.37 -0.18 19.41 -6.17
0.8-1.0 21 15.90 -7.42 18.94  -11.95 31.20 -0.88 18.90 -6.80
0.0-1.0 105 15.58 0.96 20.49 096 15.62 0.96 16.09 0.96

Table 3. Sensitivity analysis for the WAVE and ACCESS models in which the influence of five
key input parameters (K = hydraulic conductivity in the range near saturation: m = fitting parame-
ter of the van Genuchten and Nielsen equation; Oinitial = volumetric soil water content at the begin-
ning of the simulation period; LAI = leaf area index; K. = crop coefficient) on the volumetric soil
water content (0) has been determined. The analysis shown here was made with the results of the
1993 crop period

Parameter ____Sensitivity coefficientforo

o  WAVE  ACCESS

Ksat -0.017 -0.06

Binitial 0.026 0.034

LAl -0.026 0.115

K. -0.13 -
Validation

Reasonably good results were obtained in the values predicted for the five
considered soil layers (Fig. 2). The graphical simulation shown in Fig. 2 is com-
pleted with the statistical evaluation of the results shown in Table 2. Both analysis
of the deviations between the predicted and observed results show a performance
for both models as good as during the calibration phase, in some cases even better.

DISCUSSION

Results show that, in general, any of the two models can be used with confi-
dence for simulating soil moisture in the whole soil profile, but caution should be
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Fig. 2. Results on the e course ot the soil moisture in the tive soil lavers considered in the evalu-
ation of the WAVE and ACCESS maodels durmg the validation phase in 1992, Thick line: WAVE,
Thin hner ACCESS: Points: average of three measured values; Vertical bars. 93% confidence inter-
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taken when simulating moisture contents at different soil layers. The inability of
the WAVE model to reconstitute the soil moisture correctly at the 0.2-0.6 m soil
depth during the calibration phase (Fig. 1) is a well known problem in the 2.1 ver-
sion which is attributed to a poor performing root uptake mechanism in the sub-
soil, which will be updated in future releases of the model. A substantial part of
the modelling error is due to scale problems in the data collection and parameter
identification phase. Actually, parameters governing in situ water flow are well
known to be subjected to important spatio-temporal variations. Any spatial or tem-
poral variation in the soil texture or soil compaction, for instance, will have a sig-
nificant impact on the lack of agreement between the predicted and the measured
results, if it is not well reflected in the modelling structure.

The user of any of these models should pay special attention to the accuracy of
the input LA/ values, and take into account the quick variations of this variable in
certain periods of the crop development. In the WAVE model just a reduced
number of K¢ values can be input for the whole crop period, which can be the rea-
son for part of the disagreement between the observed and the predicted results. In
this work we have input three K. values for each of the studied crop periods, ob-
tained by Fernadndez et al. [5] in the experimental plot on both experimental years.
We can assume, therefore, that these seasonal time courses of K, were close to re-
ality. Even so, errors in the WAVE predictions still arise from the fact that Just
three K. average values were input for each experimental period, which it does not
reflect the marked K variations reported by Fernandez et al. [5]. The model user
should also be aware of possible errors coming from spatial variations of Binitial
and K. In addition, the temporal variation of Ky, due mainly to soil compaction
throughout the crop period, is not taken into account by the models, since just a
single average K value can be input for each considered soil layer.

The models must be calibrated for the conditions in which they are going to be
used as predicting tools. The results presented by other authors, seem to show that
the processes related to the water movement and storage in the soil, as well as to
the crop water consumption, are well described in both models. In an experiment
carried out in a Manawatu fine sandy loam soil in New Zealand, the WAVE model
was able to predict reasonably well the temporal change in water content in the root
zone of a mature apple tree for a period of time in which several irrigation events oc-
curred [6]. Van Uffelen er al. [18], in the Netherlands, validated the WAVE model
comparing the predicted values with those measured in fine-loamy soils cropped with
potato. They simulated the dynamics of water in the soil-crop system, using SU-
CROS for the crop growth. The predictions of the soil water content at different
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depths agreed reasonably well with the field measurements (r2 = 0.65). During a
validation exercise of the ACCESS model in a clay soil in England, Armstrong et al.
[2] found that the predicted values followed the pattern ot observed data mode-
rately well. The authors mentioned the reasonable good results obtained by Love-
land et al. [9] when calibrating ACCESS for the prediction of the crop growth.
The ACCESS capability of predicting soil moisture was further evaluated by Wal-
czak et al. [19] in two kinds of soils in Poland, a loam sandy soil and a silty soil. Pre-
viously, Slawinsky er al. [13] had included a module for preferential flow. This
increased the agreement between predicted and observed values. In addition to all that
work already done with the models, it can be assumed from the results obtained m this
work that both the WAVE and the ACCESS models are reliable engineering tools for
predicting water dynamics in the soil-plant system of an irrigated cropped plot of
sandy loam soil under semi-arid Mediterrancan conditions,

CONCLUSIONS

Both the WAVE and the ACCESS model are reliable tools for predicting the soil
water storage in an irrigated cropped plot of coarse soil under semi-arid Mediterra-
nean conditions. Both models were able to predict reasonably well the total soil
moisture storage in the root zone. The within profile variability of soil moisture
was less accurately predicted. The two models require different inputs, so the user
can choose the most appropriate model according to the available data set. It 1s
suggested to calibrate the models prior to any use as a predicting tool. Special care
must thereby be taken to the input variables which are most affected by the within
field spatio-temporal variability. The predictions of the WAVE model were most
sensitive to the input values of Ko and LA7, where in the case of ACCESS the LA/
and Ky values were those influencing most the predicted results.
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MODELOWANIE RUCHU WODY W SYSTEMIE GLEBA-ROSLINA
W WARUNKACH KLIMATU SRODZIEMNOMORSKIEGO
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3Dcpa}‘tamcnt Nauk o Srodowisku i Planowania Uzytkewania Ziemi
Uniwersytetu Katolickiego w Louvain, Croix du Sud BP2/2, B-1348 Louvain-la-Neuve, Belgia

Streszcezenic Wopraey przedstawiona ocene mozliwodel zastosowania dwoch modeli
prrewidywama plondw WAVE 2.1 1 EURO-ACCESS 1T do szacowania dynamiki wilgotnoser w
proftilu glebowym wowarunkach klimatveznych poludniower Hiszpanii. Otrzymane wyniki symulacii
dynamiki wilgomoser w profilu glebowsm dla poszezegdinyeh modeh zostaly pordwnane statysty-
cznic ze znmuerzonymi wo latach 1992-1993 wartosciami wilgotnosei na nawadnianym zalewowo
poletku doswinderalnym z kukurydza. Otrzymane wyniki pokazujy, ze oba modele moga sluzy¢ do
przewidywania dynamiki wilgotnoger na nawadnianyeh, uprawianych rolniczo polach w ekstremal-
nyeh warunkach klimatu srodziemnomorskiego, co stwarza mozliwoscei lepszego wykorzyvslama za-
sobow waodnyeh tego regionu.

Slowa kluczowe modelowanie, wilgotnose gleby, przeplyw wody





