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Abstract –Four ecohydrological models (Mate, SPA, Vadose 
and WaSim) of differing complexity were compared for 
their precision in predicting evapotranspiration (ET) and 
drainage in 2007, when key data needed for quantifying soil 
parameters were limited. With exception of Mate, the other 
three predicted annual evapotranspiration within 10% of 
the measured data; the under-prediction of ET by Mate, 
which was also the only model not to predict drainage, often 
resulted in the over-estimation of the amount of water 
stored in the soil. The other three models all over-predicted 
drainage, which suggested that our approximations of the 
soil parameters reduced the water holding capacity, while 
enhancing the hydraulic conductivity, of the soil. This study 
demonstrates the significance of precisely quantifying the 
key soil parameters for the models if other key components, 
rather than just ET, are of interest. It also shows the 
potential of these models in providing first approximations 
of the components of the soil-water balance. 
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I. INTRODUCTION 
Precise quantification of the components of soil-water 

balance is critical to the management of land and water 
resources. Water balance for a given landscape can be 
represented thus [10]:

S =P –Es –ET –RO –D    (1) 

in which S is the change in the storage of soil-water, P 
is rainfall, ET is evapotranspiration, RO is surface run-off 
and D is through-drainage. 

It is not always feasible to directly quantify all of 
these components in the field due to either technical 
difficulties and/or cost. In such situations, models may 
offer an effective alternative. Models differ in their 
approach and complexity, and hence in their data 
requirements for parameter settings, model initialisation 
and running simulations. They also differ in their 
strengths and weaknesses depending on the discipline and 
objective of the developers. 

Models are especially useful on sensitive landscapes, 
such as waste disposal sites where soil disturbance has to  
be kept to a minimum. They require precise estimates of 
soil parameters in order to be reliably applied. Many of 
these parameters are however not easy to estimate, are 
often approximated from other soil variables such as 
texture.  

Our objective in this study was to test four models 
that are described below for their predictions of soil-water 
storage, ET and drainage on a waste disposal site for 
which we had limited data to set values for the various 
soil parameters. 

II. THE MODELS 
We compared the following four models: 

A. WaSim 
The WaSim model [6] simulates dynamics in 

groundwater table, drainage and salt movement in soil, 
and evapotranspiration (ET). Its variants have been used 
for the study of landscape hydrological processes [4, 9]. 

B. Vadose W 
This simulates saturated and unsaturated flows of 

water in soil, especially for confined systems in which the 
flow is bound by the presence of other features such as 
watertables (phreatic surfaces) [1, 2]. 

C. SPA  
The soil-plant-atmosphere (SPA) model is one-

dimensional and segments the soil profile into up to 20 
layers and the canopy into 10 [8, 11]. It is highly 
ecophysiologically based and simulates physiological 
processes from leaf-level to canopy level. 

D. MATE 
The MATE (Model Any Terrestrial Ecosystem)

model is a subset of G’DAY (Generic Decomposition and 
Yield) and designed to simulate many of the same 
processes as the SPA, but it is less demanding of input 
data [3]. 

III. APPROACH 
This study was undertaken in 2007 in a 10 ha remnant 

woodland dominated by eucalypts with a healthy 
understorey of Acacia at Castlreagh (33° 39' 41" S, 150° 
46' 57" E), just outside Sydney, Australia (see Plate 1).

The site has a duplex soil profile of 0.7 m thick top-
soil of loamy sand overlaying a deep (> 10 m) sub-soil of 
Londonderry clay, which has low hydraulic conductivity 
(< 10 mm d-1).

The vegetation was dominated by Eucalyptus 
Parramattensis and Angophora bakeri, and an 
understorey of grasses and shrubs, the latter being mostly 
Acacia spp, Pultenaceae eliptica, Cryptandra amara, and 
Meleleuca thymifolia. Soil samples were taken to 1.0 m 
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depth, dried at 60 oC for 2 –3 days and then ground and 
sieved with 100 m mesh to estimate clay and sand 
fractions. The clay content was then used to approximate 
water retention curves from literature [5]. 

In 2007, measurements of all the key 
micrometeorological variables were monitored with an 
automatic weather station on site, while soil-water was 
quantified with a neutron probe to depth of 6.0 m. These 
data were used to calculate the terms in equation 1 as 
observed quantities, except drainage was approximated as 
the difference between stored water at any given time and 
that which can be stored at field capacity. The four 
models were compared for their simulation of ET, soil-
water storage and drainage, and against observed data.  

All the four models require careful estimation of the 
soil properties to estimate their structural, hydrologic and 
organic properties. 
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Figure 1. Storage of soil-water in the 6 m profile measured and 
predicted with the four models (a) and rainfall distribution (b) in 2007 at 

Castlereagh. 

IV. RESULTS AND DISCUSSION 

A. Soil water storage (S) 
MATE and Wasim were close in their predictions of S 

and both provided tighter fit with the measured data than 
did either SPA or Vadose (Fig. 1). All the models 
reproduced the temporal fluctuations in S due to rainfall, 
except Vadose. An earlier study found errors in Vadose’s 
estimates of ET and/or drainage [1]. The lower S by SPA 
probably meant that we most probably underestimated the 
clay content of the soil. 

B. Evapotranspiration 
Both WaSim and Vadose predicted similar rates of ET 

throughout the year that were higher than those by SPA 
or MATE, but lower than the measured data (Fig. 2). The 
ET predicted by SPA and MATE was low during the cool 
but dry winter. Subdued rates for the predicted ET by 
models throughout the winter, days 150–210, was 
expected although measured data showed enhanced ET 
from late winter onwards. 

Annual value for ET predicted by SPA was within the 
standard error of the value observed, which was lower 
than those predicted by either WaSim or Vadose and 
higher than that by MATE (Table 1). Except for MATE, 
all models predicted total ET within 10% of that 
measured. This under-prediction of ET by MATE was 
consistent with its predicting the largest S that was often 
higher than the measured values (Fig. 1a). 
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Figure 2. Cumulative evapotranspiration (ET) measured and predicted 
with the four models at Castlereagh in 2007. 
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C. Drainage 
The basic temporal trends for the cumulative drainage 

were most similar between that measured and those 
predicted by WaSim (Fig. 3), because this quantity was 
estimated using a similar scheme in both cases, i.e. 
difference between temporal storage of soil-water and 
that at field capacity. Both SPA and especially Vadose 
calculate drainage continuously throughout the year. All 
rates of predicted drainage were larger than what was 
observed, further suggesting that we underestimated the 
clay content in the upper layers of the soil in our 
simulations. Thus calculated drainage was about one-
sixth of those predicted by the models (Table 1). 
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Figure 3. Cumulative drainage measured and predicted by the four 
models in 2007 at Castlereagh, Australia. 

V. SUMMARY AND CONCLUSIONS 

The four models tested differed in their complexity 
but predicted evapotranspiration (ET) satisfactorily 
despite the key hydrological parameters of the soil not 
being adequately determined experimentally. Except for 
MATE the other three models predicted ET within 10% 
of the measured data. This suggested that the 
approximation of soil parameters from soil texture 
somewhat sufficed for the models’ prediction of 
vegetation water-use. MATE was also the only model 
that failed to predict drainage from the soil, while the 
other three over-estimated this component of the soil-
water balance. A combination of low ET and no drainage 
predicted by MATE often resulted in its over-estimation 
of the amount of water stored in the soil. 

The large amounts of drainage produced by the other 
models suggested that our approximations for the soil 
hydrologic parameters reduced water holding capacity, 
while enhancing the hydraulic conductivity of the soil. It 
therefore demonstrates the significance of careful 
determination of soil parameters, especially the water-

characteristics and hydraulic conductivity. This is 
especially so if other key components of the soil-water 
balance, rather than just ET, of soil-water balance are of 
interest. 

TABLE 1. COMPONENTS OF WATER BALANCE AS MEASURED 
EXPERIMENTALLY AND PREDICTED WITH THE MODELS IN 

2007 AT CASTLEREAGH, AUSTRALIA. 

Method Simulated variables (mm) 
Intercepted 

rainfall 
ET Drainage 

Measured 58 579 ± 46 54 
MATE 6 400 0 
SPA 68 543 337 
Vadose np 620 318 
Wasim 55 630 307 

np, not predicted 
total rainfall was 1074 mm 
potential evapotranspiration was 971 mm 

We have since improved these simulations of ET and 
DRAINAGE with the SPA following a systematic 
estimation of values for the soil parameters. This study is 
part of a large project in which we are also developing 
new concepts for simulations of hydrology for natural and 
managed landscapes. This includes a recent report on 
simplification of the widely used Jarvis-Stewart model 
for estimating transpiration [7].  

Plate 1. Photograph of the woodland taken in February 2008. 
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