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Mahdian, M.H. and Gallichand J. 1996. Modeling soil water con
tent and pressure head with SWACROP in potato fields. Can.
Agric. Eng. 38:001-0II. Distribution of water in the soil profile is the
result of interactions between many variables related to crop, soil,
climate, and agricultural practices. Crop growth models are effective
tools in integrating these interactions. In this study, soil water con
tents and pressure heads simulated by the SWACROP model were
compared with those measured in sandy soil fields cropped with
potatoes in Quebec. A sensitivity analysis was performed to identify
the input parameters of SWACROP that most influence output re
sults. Hydraulic conductivity, soil water retention parameters
(saturated and residual soil water contents), crop parameters (leaf
area index, soil cover, rooting depth), and the number of discretiza
tion nodes substantially affected model output. Simulated soil water
content values were close to those measured with a mean bias error
ranging from 1.1 to 3.5% and a mean absolute error between 3.3 and
4.1 %. The parameter values obtained by this model compare well
with those reported in other studies. SWACROP overestimated soil
water pressure heads near the soil surface in the middle of the
growing season, most likely due to soil disturbances occurring near
the porous cup of the tensiometers caused by farming operations and
tuber growth.
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La distribution de la teneur en eau dans Ie profil de sol est Ie
resultat de l'interaction de plusieurs variables reliees a la plante, au
sol, au climat et aux pratiques agricoles. Les modeles de culture sont
des outils efficaces pour integrer ces interactions. Dans cette etude,
Ia teneur en eau et la pression de I'eau du sol simules par SWACROP
ont ete compares avec celles mesurees dans un sol sableux cultive en
pommes de terre au Quebec. Une analyse de sensibilite a ete realisee
aftn de determiner les parametres d'entre de SWACROP qui ont un
effet important sur les sorties du modele. La conductivite hy
draulique, les parametres de retention d'eau (teneur en eau residuelle
et saturee), les parametres de la culture (indice de surface foliaire,
couverture vegetale, profondeur des racines) et Ie nombre de noeuds
de discretisation ont affecte substantiellement les sorties du modele.
Les teneurs en eaux simulees se situaient pres de celles mesurees
avec une erreur moyenne de biais entre 1.1 et 3.5 % et une erreur
moyenne absolue entre 3.3 et 4.1 %. Les valeurs des parametres
obtenues par ce modele se comparent bien avec celles presentees
dans d'autTes etudes de modelisation. SWACROP a surestime la
pression de reau du sol dans la couche superficielle du profil (0-450
mm) au milieu de la saison de croissance. Cette surestimation peut
etre due aux perturbations survenues pres de la capsule poreuse des
tensiometres par les operations agricoles et la croissance des tuber
cules.

INTRODUCTION

Knowledge of water status of the soils and their relationships
to plant development processes is necessary for the manage-

ment of agricultural practices such as irrigation, drainage,
and soil conservation. Distribution of water in the soil profile
is the result of complex interactions between many variables
related to crop, soil, climate, and agricultural practices. The
effects of these interactions on soil water content and crop
yield can be simulated with crop growth models that can be
used as aids in interpreting experimental results, as research
tools, and as part of decision support systems for growers
(Whisler et al. 1986). However, crop growth models rely on
soil water sub-models to simulate temporal variations of soil
water content. No crop growth model can be expected to
perform correctly without an adequate soil water model.

Soil water models can be classified into two categories:
water balance models and numerical models. Water balance
models follow the daily water budgeting approach. Examples
of such models are the Versatile Soil Moisture Budget (Bois
vert et al. 1992b) and the soil water component of the crop
growth models EPIC (Benson et al. 1992) and CERES
(Ritchie 1985). Numerical models solve the Richards partial
differential equation for unsaturated flow in soils (Richards
1931) and include those of Nimah and Hanks (1973), Hayhoe
and De long (1986), and SWACROP (Feddes et al. 1978).
The SWACROP model (Soil Water Actual Transpiration and
Crop Production) is widely used and has been tested at several
locations in the world (De long and Kabat 1990; Faria et al.
1994; Fechter et al. 1991).

Potato is an important crop in the province of Quebec with
a cultivated area of 18300 ha (Allard et al. 1982). Potatoes are
sensitive to water stress and in most years may be expected
to benefit from supplemental irrigation, even in the humid
and sub-humid areas of Eastern Canada (Gallichand et al.
1990; Boisvert et al. 1992a). SWACROP might be useful in
predicting water requirements and time of irrigation. Wessel
ing and van den Broek (1988) reported that SWACROP
improves irrigation scheduling. Their results showed that
average observed soil water contents were within 3.6% of
those simulated by SWACROP. Ragab et al. (1990) com
pared observed and simulated soil water contents using the
SWACROP model and concluded that SWACROP can pre
dict fluxes of the different components of the soil water
balance in a heterogeneous soil with reasonable accuracy.
SWACROP was also used to simulate watertable depth, with
an average difference of 130 mm between observed and
simulated values (Workman and Skaggs 1989).

The objective of this study was to validate the SWACROP
model for soil water content and pressure head in a potato
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MATERIALS AND METHODS

field in Quebec. Because SWACROP requires many input
parameters, a sensitivity analysis was performed to identify
the parameters to which SWACROP is most sensitive under
Quebec climatic conditions.

Experimental sites and measurements

The experiment was conducted in two adjacent potato fields
at Ste-Catherine-de-Ia-lacques-Cartier, near Quebec City.
Soil, plant, and climatic data were monitored during the
summers of 1992 and 1993. The Kenebec potato cultivar was
planted in mid-May and harvested in mid-September of both
years. Because of crop rotations, the same field could not be
used for the two years. The fields contained 8 sites in 1992
and 12 sites in 1993. In the two fields, soils were similar and
consisted of loamy sand texture in the upper 300 mm and
sand for depths greater than 300 mm. Field-saturated hydraulic
conductivity was determined using the Guelph permeameter
(Reynolds and Elrick 1986) and multiplied by a factor of 2.0
to obtain saturated hydraulic conductivity (Bouwer 1966).

Soil water content was measured two to three times a week
during the growing seasons using time domain reflectrometry
(TOR) (Model 1502B cable tester, Tektronix Corporation,
Corvallis, OR)..TOR probes were inserted vertically to meas
ure average water content over the maximum rooting depth
(0-450 mm) and over a larger portion of the soil profile
(0-750 mm). Soil water pressure heads were measured two to
three times a week with tensiometers connected to a remov
able pressure transducer (Soil Measurement Systems,
Tucson, AZ) and installed at depths of75, 225, 375, 525, 675,
825, 1250, and 1750 mm. Watertable depth was monitored
and was always deeper than 2.5 m in both 1992 and 1993.
Rooting depth, root density, leaf area index (LAI), percent
age of soil cover, and plant height were measured during both
growing seasons. Climatic· variables were measured with an
automated weather station and included hourly values of
temperature, wind speed, relative humidity, global radiation,
net radiation, and rainfall. In 1993, measurements also in
cluded pressure heads at six sites and runoff at two sites.
Because of the high infiltration capacities of these soils,
measured seasonal runoff was negligible in both fields.

Description of the SWACROP model

SWACROP is a one-dimensional model which solves the
Richards equation for vertical water flow in a heterogenous
soil-root system:
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Fig. 1. Variations of the water uptake reduction factor, a,
with soil pressure head, h.

1.0

0.6

0.8

where:
a(ll) =reduction factor, and
Smax =maximum root water uptake rate (mm-Jd- I ).

The maximum root water uptake rate is assumed to be
uniformly distributed over the effective rooting depth:

0.2

where:
Tp = potential transpiration rate (m/d), and
Z =effective rooting depth (m).

The effective rooting depth is that over which approxi
mately 70 to 80% of the root volume is found. The water
uptake reduction factor, a, varies between zero and one
according to the soil water pressure head (Fig. I). As h
reduces, the rate of decrease in a can be linear or hyperbolic.
Daily values of rainfall, potential soil evaporation, Ep , and
potential transpiration, Tp , are needed to define the upper
boundary condition. The value of Tp is calculated from the
difference between potential evapotranspiration, ETp, and
potential evaporation, Ep. Potential evapotranspiration can be
read by SWACROP or calculated by different methods
(Monteith 1965; Rijtema 1965; Priestley and Taylor 1972;
Penman 1948). Potential evaporation is calculated based
either on the equation of Belmans et al. (1983) or that of
Ritchie (1972). SWACROP allows the specification of one of
seven cases for the lower boundary condition, which include
pressure head of the bottom compartment, observed daily

SWACROP solves Eq. I by finite differences and allows
discretization of the soil profile into a maximum of 40 com
partments (i.e., 41 nodal points) within five different soil
layers. The integration time step is determined automatically
based on the values of the sink term and on variations of
fluxes between compartments. The sink term, S, simulates
water uptake by roots and depends on the soil water pressure
head, h, and maximum extraction rate, Smax,:

(I)

where:
h =soil water pressure head (m),
t =time (d),
C =specific water capacity (m3 em-3 em-I), Le.,

C(h) =de/dh
e =volumetric soil water content (m3/m3),

Z =vertical coordinate (m),
K =hydraulic conductivity (m/d), and
S =water uptake by roots (m em- I ed-I).

ah I a [ (ah ]~ S(h)a;= C(h) az K(h) az + I ~ - C(Il)
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Table I: Description of the input parameters required by
the SWACROP hydrological subroutines

cm/d Unsaturated hydraulic conductivity
cm Pressure head value (function of water content)

Crop coefficient (function of time)
Soil cover (function of time)
Leaf area index (function of time)

cm Root depth (function of time)

groundwater levels, and various flux-re
lated boundary conditions. Input parameters
of SWACROP are presented in Table I.

Output from the model includes daily
values of infiltration, runoff, interception,
potential and actual transpiration, potential
and actual soil evaporation, flux through
the bottom of the soil profile, and root water
uptake. Also, SWACROP provides, for
each compartment, daily values of soil
water content, pressure head, hydraulic
conductivity, and water flux.

Variable

Functions:
HYDCON
PRHD
Kc
SC
LAI
DROOTZ

Units Description

Fig. 2. Variations of rooting depth and leaf area index
during the growing season.
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Model formulation

For this study, we used the version of
SWACROP described in Wesseling et al.
(1989). Measured daily climatic data, soil
characteristics, and crop data were used to
run the model separately at each of the 20
sites. The simulated soil profile depth was 112

set to 1250 mm and divided into three soil
layers. Texture was loamy sand for the two

113a
upper layers and sand for the bottom layer.
The thickness of each layer varied between 113b

the 20 sites but, on average, the number of
nodes were 14, 8, and 19 for the upper, 114

second, and bottom layer, respectively. In
ternodal spacing ranged from 10 to 19 mm
for the upper layer, 19 to 33 mm for the
second layer, and 43 to 88 mm for the bottom layer. In 1992,
the bottom boundary condition was set to free drainage,
which is justified because the watertable depth was always
deeper than 2500 mm. In 1993, the bottom boundary condi
tion was taken as the measured pressure heads at the depth of
1250 mm.

The use of two potential evapotranspiration methods were
investigated. The first (method A) is that of Priestley and
Taylor (1972) and the second (method B) that of Penman
(1948). Penman's equation is one of the most widely used
methods to calculate evapotranspiration, whereas that of Pri
estley-Taylor is part of several crop growth models such as
EPIC and CERES. SWACROP was driven by daily values of
precipitation, net radiation, mean temperature, mean air hu
midity, and mean wind velocity at 2 m. Observed planting
and harvesting dates were used for the start and end of
simulations. Input crop data are presented in Figs. 2 and 3 and
consisted of average measured values of LAI, rooting depth,
and soil cover. The crop coefficient curve (Fig. 3) was deter
mined from published values for potatoes growing in Quebec
(Dube and Rochette 1983).

The maximum thickness of the nonactive layer at the top
of the soil profile was set to zero and the maximum thickness
of the ponding water layer on the soil surface to 5 mm. Soil
water retention curves, a(h), were determined by the method
of Gupta and Larson (1979) based on fractions of sand, silt,
clay, organic matter, and bulk density. These curves were
used to calculate the initial values of the parameters ar , as, a,
n, and m needed by SWACROP to define the unsaturated
hydraulic conductivity and soil water retention functions of
van Genuchten (1980):
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Table II: Average parameter values for the van Genuchten soil water retention and
hydraulic conductivity functions in three soil layers

t Not applicable

Fig. 3. Variations of soil cover and crop coefficient
during the growing season.

2370
0.04

0.34

0.071
1.639
0.383
0.390

3310
0.04

0.35

0.099
1.926
0.467
0.481

Optimized

Layer 3

Initial

1670
0.05

0.35

0.042
1.759
0.425

1670
0.06

0.34

0.036
1.874
0.472

Sensitivity analysis

SWACROP was executed with input and climatic data of
1993 using the Priestley-Taylor method to calculate potential
evapotranspiration. The procedure used for the sensitivity
analysis followed that of Lane and Ferriara (1980). Input base
values were assigned to each input parameter. These input
base values were selected as representative of the field con
ditions. Using these input values and the climatic data, the
model was run and output base values were determined.

Output base values consisted of
the seasonal depths of actual
transpiration, actual evapora
tion, runoff, and infiltration. Soil
water content of the 0-450 mm
depth, averaged over the grow
ing season, was also determined.
Once the input and output base
values were defined, two vari
ations were imposed on each
single input parameter (except
for the number of nodes): base
value +50%, and base value 
50%. For the number of nodes
(NUMNOD), however, the vari
ation was limited to ±33% of the
base value because SWACROP
does not allow more than 41
nodal points. The model was run
separately for each input pa
rameter to obtain the modified
output values. Variations in the
output values were quantified,
on a percentage basis, using the
maximum absolute difference
(Dmax) between the modified
and output base values:

as, Ks, a, m, and n). For this reason, these six parameters were
optimized separately for each of the 20 sites with the non-lin
ear estimation program PEST (Doherty 1993), which
minimizes the differences between measured and observed
soil water contents. For the optimization procedure, estima
tion of ETp by the method of Priestley-Taylor was used and
the optimized parameter values are given in Table II. The
results of SWACROP with the optimized parameters are
presented under the label II method C" (Table IV).
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0.395
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1.504
0.321
0.335

Optimized

Layer 2

Initial

350
0.08
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Model evaluation

Simulated and observed water contents and pressure heads
were compared for depths 0-450 and 0-750 mm using the
mean bias error (MBE) and the mean absolute error (MAE)
(Willmott 1982):

ar =residual soil water content (m3jm3),

as =saturated soil water content (m3jm3), and
a, n, m =function parameters.

Initial values for parameters of the van Genuchten (1980)
equations are given in Table II for each soil layer modeled in
1992 and 1993. Pressure head values used for defining the
reduction factor function, CJ.(h), are presented in Fig. I. The
linear decrease of CJ. between h3 and h4 was selected for the
simulations.

Preliminary analyses showed that SWACROP was sensi,
tive to the six parameters of the van Genuchten equations (a/'9

D IModified value- Basevalue I
max = Base value x 100 (6)
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Comparison of soil water contents

Non-optimized methods Results of the
comparison between measured soil water
contents and values simulated when using
the methods of Priestley-Taylor (A) and
Penman (B) for estimating potential eva
potranspiration are presented in Table IV
for the 0-450 mm and 0-750 mm depths.
Although values of MBE and MAE were
computed for all of the 20 sites, only mini
mum, average, and maximum values are
reported. For non-optimized methods (A
and B), and considering both years (1992
and 1993) and soil depths (0-450 and 0-750
mm), the bias (MBE) ranged from -5.8% to
9.3%. However, average MBE values
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is not sensitive to model parameters because SWACROP
assumes that daily rainfall is distributed unifonnly over the
24 hours of a day. High recurrence interval rainfall of long
duration would be needed to generate runoff.

SWACROP is sensitive to most plant and soil parameters
and spatial discretization. The various hydrologic processes
and soil water contents, calculated by SWACROP, are sensi
tive to three plant parameters: the leaf area index (LAI,
average Dmax=7%), the rooting depth (DROOTZ, average
Dmax=3%), and the soil cover (SC, average Dmax=20%).
These plant parameters are used to calculate evapotranspira
tion which affects soil water balance components. The soil
parameters to which SWACROP is sensitive are those defin
ing the water retention and hydraulic conductivity functions
of the van Genuchten equations. For the hydraulic conductiv
ity function, variations in parameters a, n, m, and Ks yielded
average Dmax values of 4, 48, 5, and 2%, respectively. The
magnitude of these Dmax values indicates the important role
of K(h) in the solution of Richards equation. Other sensitive
soil parameters are the water retention parameters ar and as,
which are used in defining the relationship between soil
pressure head and water content. The average Dmax is 3% for
ar and 12% for as' The parameters hi, h2, h3, and h4, defining
the sink tenn function <X (h), had only a negligible effect on
soil water components. This is because, for the 1993 growing
se~son which was used for the sensitivity analysis, measured

Sensitivity analysis SOli water pressure heads remained approximately in the

Values of Dmax are given in Table III. From this table, we optimal range for which <X is equal to 1.0.
see that none of the input parameters affected runoff. Runoff The spatial discretization has an important effect on

Table UI: Maximum absolute difference between base and modified SWACROP output values. The average
output values Dmax is 68% for the number of nodes

(NUMNOD). Figure 4 shows the effect of
number of nodes on cumulative actual tran
spiration during the growing season. AI-

Actual Actual Soil water Average though transpiration was not measured, it is
transpiration evaporation content Dmax nonnal that increasing the number of nodes

will increase the precision of the model.
(%) Figure 4 shows that the cumulative transpi-

ration would be overestimated by about 50
mm for the 1993 growing season by reduc
ing the number of nodes from 40 to 30.
Differences are negligible between 20 and
30 nodes.

where:
n =number of measured water content or pressure head

values.
Urn; =measured soil water content (% by volume) or

pressure head (mm),
Us; = simulated soil water content (% by volume) or

pressure head (mm), and
= index for soil water content or pressure head values.

MBE is an indicator of bias. MBE values close to zero
indicate that the average of simulated values is similar to that
of the observed ones. The MAE criterion is more related to
accuracy (MAE decreases with increasing accuracy) and less
to bias.
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Fig. 4. Effect of number of nodes on the cumulative actual
transpiration.

ranged from 1.1 to 3.5% indicating a tendency to overesti
mate soil water content. This overestimation was slightly
more in 1993 than in 1992 with average MBE values ranging
from 1.1 to 2.8% in 1992 and from 2.1 and 3.5% in 1993.
Also, the bias was less important for the 0-450 mm depth
(average MBE values from 1.1 to 2.3%) than for the 0-750
mm depth (average MBE values from 2.3 to 3.5%). The
difference in bias was negligible between methods A and B,
whereas differences in accuracy ranged from 1.1 % to 9.3%.
Average MAE values ranged from 3.3 to 4.1 % for non-opti
mized methods. Neither soil depth, nor year, nor
evapotranspiration method seemed to effect the accuracy of
the model.
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The small difference in bias and accuracy between Pen
man and Priestley-Taylor methods can be explained by the
fact that the summers of 1992 and 1993 were more humid
than nonnal. Even if the Penman method is more accurate,
both methods are expected to produce very similar results in
humid areas, whereas larger discrepancies may result in arid
areas (Jensen et al. 1990). Therefore, in our situation, it is
normal that both evapotranspiration methods perfonned well.
However, dry summers may result in better accuracy of
SWACROP when using the Penman method. The advantage of
using Priestley-Taylor is that it requires variables that are read
ily available from the existing climatic observation network,
namely, temperature, precipitation, and global radiation.

The precision obtained with SWACROP was compared
with those reported in the literature for other regions of the
world. For potatoes growing on a loamy soil in the Nether
lands, Wesseling and van den Broek (1988) used SWACROP
and obtained an average MAE value of 3.6% between meas
ured and simulated soil water contents. Working with
CERES-millet on a loamy sand soil in Niger, Fechter et al.
(1991) reported an average MAE value of 3.5% between
measured and simulated soil water contents. For wheat and a
fine textured soil in Brazil, Faria et al. (1994) found that MAE
ranged from 2.4 to 3.3% when using the VB4 model (Versa
tile Soil Moisture Budget, version 4, Boisvert et al. 1992b)
and from 2.4 to 3.6% with the SWACROP model. Working
with the same dataset described in this paper, Mahdian and
Gallichand (1995) found that the model SUBSTOR (CERES
potato) had an average bias ranging from -3.3% to 4.6%, and
average accuracy from 3.0% to 4.0%, which means that
SWACROP performed slightly better than SUBSTOR.
Therefore, values obtained by SWACROP in this study for
MAE (3.3 to 4.1 %) compare well with those obtained with

Table IV: Comparison between observed and simulated water contents for the 0-450 and 0-750 mm depths

Depth Year nt Method* MBE MAE
(mm) (% by volume) (% by volume)

Min Avg Max Min Avg Max

0-450 1992 8 A -5.8 1.1 5.6 1.7 3.8 5.8
B -5.4 1.6 6.2 1.7 3.7 6.2
C -1.5 -0.3 1.0 1.6 2.2 3.5

1993 12 A -4.9 2.3 9.3 1.5 4.0 9.3
B -5.8 2.1 8.2 1.3 4.1 8.2
C -2.4 0.7 1.0 1.9 2.4 2.9

0-750 1992 8 A -2.2 2.3 5.1 1.5 3.7 6.0
B -1.8 2.8 5.6 1.3 3.8 5.6
C -3.0 1.0 5.0 1.1 2.8 5.2

1993 12 A OJ 3.5 7.8 1.3 3.6 7.8
B -0.4 3.0 6.9 1.5 3.3 6.9
C 0.0 2.0 3.0 1.1 2.3 3.3

t Number of sites*A ETp calculated with Priestley-Taylor equation (1972)
B ETp calculated with Penman equation (1948)

C ETp calculated with Priestley-Taylor equation and soil parameters ar, as, a, m, n and Kswere optimized
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other models. The better perfonnance of SWACROP over
SUBSTOR may be explained by the difference in calculating
soil water content. SUBSTOR estimates soil water content by
using a soil water balance whereas SWACROP hydrological
model uses Richards equation. SWACROP can take into
account the effect of watertable depth in calculating soil
water content whereas this effect is not accounted for SUB
STOR. SWACROP also allows calculating of potential
evapotranspiration by four methods while only one method is
used by SUBSTOR (Priestley-Taylor).

Optimized method Results of the sensitivity analysis
showed that SWACROP is sensitive to variations of soil
retention and hydraulic conductivity function parameters.
These parameters were optimized to minimize the difference
between simulated and measured soil water contents. The
resulting optimized parameter values are presented in Table
II. Use of the optimized parameter values resulted in simu
lated water contents closer to the measured ones, as is shown

in Table IV under "method C". Optimizing values of the soil
parameters reduced the bias and increased accuracy. On
average, the MBE value decreased from 2.3% for non-opti
mized parameters (method A and B) to 0.9% for optimized
parameters (method C). Likewise, precision was increased,
with average MAE values decreasing from 3.7% to 2.4% for
non-optimized and optimized parameter values, respectively.
Comparing optimized and initial values (Table II) shows that
non-optimized values are close to optimized ones. Consider
ing that the use of optimized soil parameters resulted in an
increased precision in the order of I% (soil water content by
volume), we found that soil parameters based solely on the
empirical relationships of Gupta and Larson (1979) yielded
satisfactory results when used in SWACROP to simulate soil
water content.

SWACROP uses the five-parameter form of the van
Genuchten equations (Eqs. 4 and 5), which requires specifi
cation of parameters qs, qr, n, m, and a. The initial value of m
was detennined using the relationship:

Table V: Comparison of the van Genuchten water retention and hydraulic conductivity function parameters with
those reported in the literature

Source S,. Ss 11 a
(m3/m) (m3/m)

Loamy sand
Bohne et al. (1989) 0.02t 0.33 1.33 0.054

(0.00-0.04) (0.30-0.35) (1.22-1.51 ) (0.013-0.079)

Sisson and van Genuchten (1989) 0.07 0.31 2.10 0.027
(0.00-0.09) (0.28-0.32) (1.59-2.33) (0.021-0.032)

Non-optimized 0.07 0.44 . 1.47 0.041
(0.05-0.09) (0.36-0.53) (1.34-1.71) (0.020-0.067)

Optimized 0.06 0.44 1.60 0.047
(0.05-0.09) (0.43-0.53) (1.15-2.45) (0.038-0.072)

Sand
Bohne et aI. (1989) 0.03 0.38 3.29 0.031

(0.03-0.04) (0.37-0.39) (3.03-3.55) (0.025-0.036)

Yates et al. (1989) 0.00 0.35 8.00 0.025
(0.00-0.02) (0.31-0.39) (4.48-12.30) (0.015-0.039)

EI-Kadi (1989) 0.06 1.90 0.040
(0.02-0.10) (1.35-2.45) (-)

Sisson and van Genuchten (1989) 0.04 0.28 1.73 0.026
(0.00-0.07) (0.26-0.29) (1.52-2.03) (0.018-0.031 )

Non-optimized 0.06 0.34 1.82 0.039
(0.04-0.07) (0.27-0.40) (1.49-2.11 ) (0.027-0.051)

Optimized 0.04 0.34 1.78 0.085
(0.03-0.06) (0.27-0.40) (1.43-2.50) (0.037-0.135)

t Average (minimum-maximum)
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Fig. 5b. Measured and simulated soil water contents for
the 0-450 mm depth at a 1993 site.
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Fig. 5a. Measured and simulated soil water contents for
the 0-450 mm depth at a 1992 site.

Comparison of optimized m values with those of I-lin
based on optimized n values (Table II) showed that they are
very close. Although optimized I-lin values are slightly
larger than optimized m values, we concluded that Eq. 9 is
valid for this soil. The parameters as, an a, n, and m that we
obtained (optimized and non-optimized) are compared to
those presented in the literature in Table V. From this table,
we see that, generally, the parameter values are very close to
those reported in the literature. One exception is that parame
ter as for which our average value is 0.44 for the loamy sand,
whereas values ranging from 0.28 to 0.35 are reported by
Bohne et al. (1989) and Sisson and van Genuchten (1989).
Also, for sand, the parameter a is reported to vary from 0.015
to 0.039, whereas our non-optimized a-value ranged from
0.027 to 0.051 and when optimized from 0.037 to 0.135.

Typical variations of observed and simulated soil water

1
m= 1-

n
(9)

contents of the 0-450 mm depth are presented in Fig. 5a for
1992 and in Fig. 5b for 1993. A similar pattern was observed
for the 0-750 mm soil depth. Figures 5a and 5b show precipi
tation amounts and simulated soil water contents obtained
from using non-optimized and optimized parameters. From
these figures, it is clear that the model responded very well to
precipitation. Although the use of optimized values resulted
in simulated soil water contents following more closely
measured points, it might be difficult to obtain these opti
mized values experimentally.

Comparison with measured pressure heads
Results of the comparison between simulated and measured
soil water pressure heads are presented in Table VI for depths
of 75, 225, 375, 525, 675, and 825 mm. Values of MBE and
MAE are presented for the optimized (C) and one non-opti
mized method (A). SWACROP overestimated soil water
pressure heads as shown by the positive MBE values from
methods A and C. Because MBE is calculated by subtracting
measured pressure heads from simulated ones, positive MBE

E
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Fig. 6a. Measured and simulated soil water pressure
heads for the 75 mm depth at a 1993 site.

Fig. 6b. Measured and simulated soil water pressure
heads for the 525 mm depth at a 1993 site.
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Table VI: Error comparisons between observed and simulated pressure heads for 6 sites in 1993

Depth Method MBE(mm) MAE (mm)

(mm)
Min Avg MaxMin Avg Max

75 A 760 1460 2560 850 1580 2570

C 530 1360 2560 850 1540 2570

225 A 790 550 2490 820 1610 2490

C 440 1400 2490 550 1510 2490

375 A 570 850 1280 650 890 1280

C 100 620 1280 330 730 1280

525 A -210 740 1310 370 840 1310
C -930 440 1310 350 800 1310

675 A -110 840 1240 420 920 1240
C -110 680 1240 290 770 1240

825 A -30 1080 1570 370 1150 1570
C -30 900 1570 370 970 1570

MBE = Mean bias error
MAE = Mean absolute error

values indicate that simulated soil water pressure head was
higher than measured. This is consistent with MBE results for
water content (Table IV) which shows that soil water content
was overestimated by SWACROP.

The error associated with bias and accuracy of the model
is greater in the upper layers (Table VI). For the optimized
method C, the average ofMBE ranges from 1360 to 1400 mm
for the two upper depths, whereas for the lower depths the
averages range from 440 to 900 mm. Likewise, the average
of MAE of method C ranges from 1510 to 1540 mm for the
upper depths and from 730 to 970 mm for the lower depths. The
same pattern occurs with method A. The lack of precision and
accumcy near the soil surface might be due to larger variations
in soil water content and pressure head. As depth increases, the
amplitudes of the pressure head variations decrease and it is
easier for SWACROP to simulate these variatior:Is.

Figures 6a and 6b show the variations of pressure head at
one site in 1993 at depths of 75 and 525 mm, respectively.
From Fig. 6a, we see that the model overestimated pressure
head in the middle of the growing season near the soil surface
(75 mm), whereas the simulation yielded better results for the
depth of 525 mm (Fig. 6b). The overestimation of pressure
head near the surface may be due to disturbances occurring
near the porous cup of the tensiometers, caused by farming
operations and tuber growth. As the season progressed, the
soil around the porous cup became more stable and pressure
head readings more reliable.

Potatoes are cultivated in soils ranging in texture from
sand to clay loam, but our experiment was conducted in
somewhat coarse sand. Also, ample precipitation during the
two experimental growing seasons resulted in potatoes grow
ing under almost no water stress. For these reasons, this

model must be tested in drier summers and with heavier
textured soils, to better assess its accuracy and limitations.

CONCLUSIONS

Soil water contents and pressure heads were simulated by
SWACROP using field data obtained in 1992 and 1993 for
potato crop in Quebec. The following conclusions can be
drawn from this study:

1) The sensitivity analysis indicated that SWACROP is
sensitive mainly to the parameters defining the hydmulic
conductivity and water retention functions, to plant
parameters (LAI, soil cover, and rooting depth vari
ations), and to the number of nodal points used to
discretize the soil profile.

2) Generally, SWACROP responded well to the variations of
precipitation. Simulated soil water contents were close
to observed values with average bias between 1.1 and
4.1 % and accuracy ranging from 3.6 to 4.1 %. These
results are in the same order of magnitude, as those
obtained with other soil water models.

3) Pressure head was, on average, overestimated by
SWACROP. Overestimation was more pronounced in
the upper part of the soil profile than in the lower part,
perhaps partly due to disturbances, such as farming
operations and tuber growth affecting the porous cup of
the tensiometers in the root zone.

4) Optimized soil parameters resulted in average simulated
soil water contents closer to observed values by I% (by
volume). Soil parameters were similar to those speci
fied in the literature for the same soil texture.
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