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Comparison of
Simulated Water Balance for
Willow, Spruce, Grass Ley and Barley

Gunn Persson
Swedish University of Agricultural Sciences
Uppsala, Sweden

Evaporation from four cropping systems, i.e. willow, spruce, grass ley and bar-
ley, was compared in this simulation study. The physically based soil model had
previously been used to simulate a wide variety of soil-plant systems. Climatic
data obtained over six years from two stations in southern Sweden were used as
model input. The stand parameters were mostly taken from the literature. The
mean seasonal “crop coefficient” for the period from April through October, de-
fined as the relation between the potential transpiration calculated by the Pen-
man-Monteith (1965) formula and the Penman (1948) estimate, E,,, was about
the same for willow and spruce (0.9), but was lower for grass ley (0.7) and bar-
ley (0.4). Seasonal evaporation was highest for spruce (516 mm), slightly lower
for willow (497 mm), and much lower for grass ley (419 mm) and barley (347
mm). Total evaporation and transpiration decreased linearly with the precipita-
tion deficit, P<E,,, indicating reduced transpiration for all six years at the east
coast and two years at the west coast. The difference in total evaporation
between the trees (willow, spruce) and grasses (grass ley, barley) was most pro-
nounced during growing seasons with a precipitation excess, P>E,,, and de-
creased linearly with the precipitation deficit to near zero at a deficit of 350 mm.
Runoff increased with the precipitation excess, but for willow and spruce it was
generally equal to or less than the excess. For the grass ley and barley, runoff ex-
ceeded the precipitation excess, P-E,,, by about 150 mm on a yearly basis.
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Introduction

Farmers in Sweden are currently faced with a new situation where traditional crops
are no longer profitable. At least 355,660 ha of arable land was taken out of conven-
tional agricultural production in 1992. Most of this area (53%) was set aside, and an-
other 36% was used for grazing. Alternative crops such as deciduous trees, conifers,
and industrial and energy crops were introduced. Willow, in particular, is considered
to be an energy crop with great future potential (Lyhagen 1993).

Willows are planted densely in rows, with 3 or 4 cuttings per m2, on well prepared
soil. After about 4 years the shoots are harvested and chopped, whereupon they are
used as fuel. New shoots developing from the stumbs can also be harvested after 3 or
4 years. Biomass production is highest on rich farmland in southern Sweden.

Both evaporation measurements and independently validated simulations show
that fast-growing, densely planted willow stands have high evaporation rates, espe-
cially late in the growing season compared to other crops (Halldin and Lindroth
1989; Persson and Lindroth 1994; Persson 1995). The highest recorded evaporation
rates are from irrigated stands; however, commercial willow plantations are not irri-
gated today since it is not regarded as profitable. Thus differences in evaporation
rates between sites and years depend chiefly on amounts of precipitation obtained
during the growing season.

Since willow can be regarded as an alternative to traditional crops, such as barley
and grass ley, as well as to spruce forest planted on arable land, a comparison of the
water balances of these “crops” would be interesting.

This paper presents simulated water balances for different crops growing on a
clay soil for six growing seasons under two different precipitation regimes. The sim-
ulations were made using a physically based model that had earlier been applied to a
willow stand on a clay soil (Persson and Lindroth 1994). Appropriate stand parame-
ters regarding grass ley, barley and spruce were taken from the literature, mainly
from other validated simulation studies using the same model. The aim of the paper
is to compare differences in water balances due to cropping systems and precipita-
tion regimes.

Soil and Stands

The soil was assumed to be a heavy clay in which the clay content increases from
48% in the uppermost layer to 65% at 1m depth. Water retention curves were con-
structed based on analyses of sampled soil cores from a field close to Uppsala (Pers-
son and Jansson 1989).

The willow stand was considered to be fully established and producing second-
year shoots, while the simulated spruce stand had a closed canopy with no understo-
ry vegetation or other tree species. It was assumed that the barley was sown in early
May and harvested in August and that the grass ley was harvested in both June and
August.
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Fig. 1. Precipitation (bars) together with precipitation excess (precipitation minus potential
evaporation according to Penman (1948)) (squares) at the “humid” (open) and “dry”
(filled) stations for the period from April through October.

Climate

In Sweden, the between-year climatic variation is large. Consequently, data from a
number of years are needed to characterise regional differences in water balances
and their relations to crop and soil characteristics. By contrast, the regional pattern is
relatively stable, with precipitation and runoff being highest in western areas. Wil-
low plantations are found in the southern and central parts of Sweden. Within this re-
gion, variations in mean temperature and growing season length are small. The
length of the growing season is about 215 days in southern Sweden and about 190
days in the vicinity of Lake Mailaren in central Sweden (daily mean temperature
>6°C, 1961-1974) Perttu and Huszér (1976). The potential evaporation (Penman
1948) is about 3.1 mm/day in southern Sweden and about 2.6 mm/day around Lake
Milaren (mean value week number 13-40, 1961-1987) Fagerberg and Nyman
(1991). The actual evaporation varies, depending on the amount of precipitation dur-
ing the growing season.

Potential evaporation is higher on the east coast than on the west coast, whereas
precipitation is higher on the west coast. Since willow evaporation is highly depen-
dent on water availability (Persson 1995) a “humid” station (Halmstad 56°41°N,
12°50°E) on the west coast and a “dry” station (Kalmar 56°44’N, 16°18’E) on the
east coast were chosen as sources of input data. The period 1962-1967 was chosen
for use in the study since it was characterized by large variation in precipitation,
both between stations and years and within years. Seasonal (April -October) precip-
itation varied between 442 mm and 596 mm at the “humid” station. The correspond-
ing figures for the “dry” station were 202 mm and 356 mm (Fig. 1).
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Most precipitation fell during the second part of the season (August-October) at
both stations. May was the driest month at the “humid” station, whereas at the “dry”
station the driest month differed from year to year. The two stations showed similar
patterns regarding monthly mean temperature, but with generally higher values at
the “humid” station except during the midseason. At both stations potential evapora-
tion was highest in 1964, whereas it was lowest in 1966 and 1967 at the “humid” sta-
tion and in 1963 at the “dry” station.

Model Description

The SOIL-model is a mathematical model used to calculate flows and storage of wa-
ter within the soil-plant-atmosphere continuum. It is based on physical principles
and more or less well-founded knowledge of physical processes. A brief description
of how the model works is presented below, with emphasis on vegetation and evap-
oration. A thorough description of the SOIL-model is given in Jansson (1991), and
the willow application is described by Persson and Lindroth (1994). The model
works with daily input values.

Soil

The soil profile is divided into layers which are treated separately regarding flows
and storage. Both the saturated and unsaturated parts of the soil profile are dealt
with. To be able to describe the soil boundary conditions the vegetation and eventu-
al surface water storage are also treated. Calculations are based on partial differen-
tial equations describing flows in a soil profile. Two hydraulic functions must be
known to solve the equation, namely the pF-curve and the hydraulic conductivity
function.

Vegetation
Vegetation can be seen as a link between water in soil and water vapour in the air
above. Water flows from high potential in soil to low potential in atmosphere and the
transition is governed by resistances. The potential flow is calculated with the Pen-
man-Monteith equation (Monteith 1965). Reductions in water flow caused by low
soil temperature and/or dry soil conditions are made by empirical reduction-factors.
The most important parameters describing the influence of vegetation are leaf
area index and surface resistance. Root depth mainly affects the total storage of
plant-available water. Water uptake by roots is described by defining the proportion-
al distribution of roots among the different layers.

Evaporation

The Penman-Monteith equation (Monteith 1965) is used for calculating potential
transpiration, as mentioned above, as well as for calculating evaporation from soil
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and from interception storage. The various types of evaporation sources differ in
terms of available energy, surface resistances at the boundary between vegeta-
tion/soil surface/interception storage and air respectively, and the aerodynamic re-
sistances above their surfaces. The net radiation is distributed between the canopy
and soil surface according to Beer’s law.

Canopy resistance is considered equal to the stomatal resistances acting in parallel
and is estimated by leaf area index and the stomatal conductance using the Loham-
mar equation (Lindroth 1985). The canopy resistance can also be set directly as a
driving variable. Soil surface resistance is determined as a function of the water po-
tential in soil and a mass balance calculation indicating the soil surface moisture.
The interception surface resistance is given a constant value.

The aerodynamic resistance above the canopy is estimated using a formula based
on the logarithmic wind profile, including the wind speed at reference height, rough-
ness length and distance between reference and displacement heights. The rough-
ness length is estimated according to Shaw and Pereira (1982) as a function of the
drag coefficient, plant (leaf plus bark/straw) area index, height at which the canopy
density is maximum, z,,, and canopy mean height, . When calculating soil evapora-
tion an extra aerodynamic resistance is added, the magnitude of which depends on
the leaf area index.

Groundwater flow
A net horizontal water flow from the profile is calculated by an empirical equation in
which the flow is proportional to the groundwater level.

Parameterization

The model was parameterized according to the willow application on clay soil (Pers-
son and Lindroth 1994). The stand parameters (Fig. 2) for the willow stand were
based on measurements of leaf area (Eckersten 1991) and root development (An-
dersson 1991, personal communication). The grass ley and barley stand parameters
were based on a SOIL-simulation study validated against measurements of soil-wa-
ter tension and water content by Johnsson and Jansson (1991). The spruce stand pa-
rameters were taken from a number of sources (Table 1). The root depth of the
spruce stand was set at 100 cm (Persson et al. 1995), and the distribution was as-
sumed linear in accordance with a SOIL-simulation study by Nordén (1989).

The parameterization was carried out in the same way for each of the crops except
that the canopy resistance was given directly as a driving variable when simulating
grass ley and barley, and calculated using the Lohammar equation when simulating
willow and spruce (Fig. 3). The grass ley and barley canopy resistances were modi-
fied from Johnsson and Jansson (1991). The spruce parameters, for daily input val-
ues, were in accordance with Girdends and Jansson (1995) based on a study on
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Fig. 2. Seasonal patterns of change in leaf area index and root depth for the different crops.
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Fig. 3. 10-day mean values of canopy resistances (unbroken lines) and air resistances (brok-
en lines).
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