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Abstract

In this study, it is shown that the complexity of Soil Vegetation Atmosphere Transfer (SVAT) models leads to an equifinality of
functional behaviour—many parameterizations from many areas of the parameter space lead to very similar responses. Individual
parameters derived by calibration (i.e. model inversion) against limited measurements are, therefore, highly uncertain. Due to the
non-linear internal behaviour of SVAT models, aggregation of uncertainly known parameter fields to parameterize landscape scale
variability in surface fluxes will yield highly uncertain predictions. A disaggregation approach suggested by Beven (1995) requires
that the land surface be represented by a linear sum of a number of representative parameterizations or functional types. This
study explores the nature of the parameter space in terms of a simple definition of functional behaviour. Parameter interactions
producing similar predicted behaviours are investigated through application of Principal Component Analyses. These reveal the
lack of a dominant global interaction indicating the presence of highly complex parameter interactions throughout the feasible

parameter space.

Introduction

There are many problems in estimating fluxes between the
land surface and the atmosphere at the landscape scale
(taken here to indicate the scale of a mesoscale or global
circulation model grid element). Much of the discussion
and theoretical development in the past has centred on the
possibility of using ‘effective’ parameter values in a land-
scape scale SVAT (soil vegetation atmosphere transfer)
model; values that are effective in the sense of taking
account of all the local scale heterogeneities of soil and
vegetation type, topographic position, surface roughness,
water stress, and meteorological variables that influence
the landscape scale integrated fluxes. Until recently, all of
the SVAT models that have been linked to atmospheric
circulation models have been of this type in which a one-
dimensional (vertical) SVAT representation has been used,
with effective parameter values, to represent the surface of
a whole grid element. Some of these models show consid-
erable complexity in vertical structure (e.g. SiB, Sellers et
al., 1986; and BATS, Dickinson and Kennedy, 1991) but
no variation in space.

The derivation of effective parameters, given the spatial
variability across the landscape, can be viewed in two ways.
One is an aggregation framework in which knowledge of
the local scale parameter values is used within a theoreti-
cal scaling framework to derive the landscape scale effec-
tive values. Examples of such a framework are given by

Blyth et al. (1996) and Claussen (1996). Beven (1995) has
argued that such an aggregation approach will ultimately
prove impossible and that it might be better to view the
problem of predicting landscape scale fluxes within a dis-
aggregation framework, in which the landscape scale
model is viewed as a parameterization of the heterogeneity
of fluxes within the landscape. The effective parameter
approach would then be one parameterization that
attempts to deal with the problem of heterogeneity in a
particularly simple way based on a certain consistent lin-
earity of fluxes. Beven (1995) points out that even a sim-
ple weighted average of a small number of models, that
reflect the strong causes of heterogeneity of function (i.e.
evapotranspiration flux), might be a better model when
viewed from a disaggregation framework. This paper takes
that approach further by exploring the responses of a rel-
atively simple local or patch scale SVAT model in terms
of the range of flux behaviours arising from the feasible
ranges of the model parameter values.

Beven (1995) suggested the following form of landscape
scale model:

Y(0) = 3 WdO,U,1)

where the Y values are some predicted variables, the I¥; are
linear weights chosen such that ZW; = 1, the ¥ @,, U, 1)
represents the predicted response of the ith model with
parameters @; and input variables U at time # and N is an
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appropriate number of models to reflect the essential
aspects of variability at the landscape scale. It is worth not-
ing that some aggregation models reflecting variability in
terms of fractional areas of vegetation types or distribution
functions of important parameters are essentially of this
type (e.g. Avissar, 1992; Dolman, 1992; Famiglietti and
Wood, 1994) but require that both model parameters and
weighting coefficients be specified a priori.

In this study, the behaviour of a SVAT model when
parameterised with many different feasible parameter sets
is investigated. Similarity of response is observed and
defined according to the cumulative evapotranspiration
flux for each model simulation. Simulations are then
grouped according to their functional behaviour and the
posterior parameter distributions of these sets are investi-
gated with the aim of identifying the relative sensitivity of
the model parameters. This also demonstrates the poten-
tial range of parameter values that an individual parameter
may be assigned and yet still produce similar behaviour
dependent on the other parameter values. Structure in the
posterior parameter distributions for given classes of sim~
ilar model behaviour is then investigated through the
application of Principal Component Analyses with the aim
of investigating the nature of the covariance between the
model parameters.

Defining functional behaviour in a
SVAT model

The approach taken here is a disaggregation methodology
in which the representation of heterogeneity of responses
in the landscape is treated as a mapping of the landscape
responses into an appropriate model space, where that
model space is defined not so much in terms of parameter
dimensions but in terms of function (i.e. flux behaviour).
SVAT models have too many parameters. Previous work
has shown that this leads to many different parameter sets
in a SVAT model leading to similar functional behaviours,
both in fitting observed data on evapotranspiration rates
and in predicting cumulative evapotranspiration (and sen-
sible heat) fluxes, a major aim of SVAT modelling (Franks
et al., 1997; Franks and Beven, 1997a). Thus it is possible
that many parameter sets, from those that are feasible in
representing the local responses within a given landscape
of interest, might predict very similar behaviours over a
day, or longer periods of time. It may, therefore, not be
necessary to consider all possible models in formulating
the weighted sum model above, but it will be important to
represent the dominant functional behaviours in the land-
scape and, in some cases, the extremes. In this study, func-
tional types are defined and investigated in terms of the
parameter space that defines the range of responses of the
TOPUP SVAT model. This particular model is used only
as an exemplar. A similar methodology can be applied to
a wide range of models, from simple to complex, with the
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proviso that the model (or models) should be capable of
simulating the range of local responses in the area of
interest.

A representative patch scale SVAT
model: the TOPUP model

This section describes a simple patch scale SVAT model,
TOPUP (Beven and Quinn, 1994; Quinn et al., 1995). The
purpose of this model is to simulate evaporative fluxes
between the land surface and atmosphere. The form of this
model is similar to a simple bucket type SVAT model,
commonly used within GCMs, except that the lateral
(downslope) redistribution of water is incorporated within
the model structure. The aim has been to provide
sufficient functionality in the model to reproduce the main
controls on evapotranspiration, whilst minimising the
number of parameters to be identified. The processes rep-
resented by the TOPUP SVAT model are illustrated in
Fig. 1. The model consists of three sources from which
moisture is available for evapotranspiration (see Fig. 1)
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Fig. 1. Schematic representation of the TOPUP SVAT model.

a canopy/topsoil interception store (with capacity
MAXINT), which, as well as representing the canopy
interception store, can also serve to mimic the recovery of
evapotranspiration in a dry soil following rainfall; a root
zone store (with capacity SRMAX); and a variable water
table. The model is based upon the Penman-Monteith
equation (Monteith, 1981) requiring the specification of
aerodynamic and surface resistances. Within the TOPUP
SVAT model structure, surface resistance is calculated as
a linear function of available moisture against storage
(parameter SRMAX), between maximum and minimum
resistance parameters (RSMAX and RSMIN, respectively,
for evapotranspiration). Surface resistances for evaporation



from the interception store follow a linear relationship
between 0 sm-! and RSMIN according to the ratio of the
available intercepted moisture and the interception store,
MAXINT. Aerodynamic resistance is calculated as a func-
tion of windspeed and atmospheric instability requiring
the parameterization of roughness length for momentum,
29, zero displacement height, 4, and the ratio of the rough-
ness lengths for momentum and vapour, In(zo/ 2), (Franks
et al., 1997)

The lateral subsurface flow component of the model is
based on a similar set of assumptions to those used by
TOPMODEL (Beven and Kirkby, 1979; Quinn and
Beven, 1993; Beven et al., 1995) in which downslope fluxes
are assumed to be in equilibrium with a recharge rate cal-
culated from total hillslope discharge averaged over some
area, lateral transmissivity is assumed to be an exponential
function of subsurface storage and the downslope
hydraulic gradient is assumed equal to the surface slope.
With these assumptions, the outflow per unit contour
length is given by:

Q, =Tytanfe~

where tanf is the hydraulic gradient (assumed a constant
for the given patch area), Tp is the transmissivity of the
soil when the water table is at a level given by the para-
meter REFLEV, S is a storage deficit due to drainage of
the water table below that level, and m is a scaling para-
meter for transmissivity. Within this model structure, Tp
and tanB occur as a product so they may be considered as
a single parameter, thereby further reducing the number
of parameters to be considered. The TOPMODEL theory,
where it is deemed an adequate approximation, allows the
m parameter to be related to the discharge recession char-
acteristics of a catchment area. The introduction of the
reference level parameter REFLEV, the depth at which
T = Ty, allows the treatment of deeper water tables than
with the normal version of TOPMODEL where the ref-
erence level is taken to be the soil surface (see Quinn ez al.,
1991). The water table is maintained from upslope by
inflowing discharge calculated as a fraction of the outflow
subsurface discharge according to the fractional upslope
area parameter, F. Moisture routing through the unsatu-
rated zone is achieved through a time delay per unit deficit
specified by the parameter, VTD.

Meteorological data

Data sets from two sites were used in this study. Two
periods for each of the sites were available. IFC-3 (August
6-21, 1987) and IFC-4 (October 5-16, 1987) from the
First International Satellite Land Surface Climatology
Project (ISLSCP) Field Experiment (FIFE) were
employed. IFC-3 contains a storm event, whilst IFC-4 was
a particularly dry period within which the tall grass vege-
tation canopy was reaching senescence. Meteorological
forcing data and evapotranspiration measurements were
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also employed for an Amazonian, post-deforestation pas-
ture site from the ABRACOS database. This site is located
at Fazenda Dimona, central Amazonia. Two data sets were
available from the 16 October — 2 November, 1990, and
from the 29 June — 10 September, 1991. Details of the
instrumentation employed at the site are given in Wright
et al. (1992).

Similarity of functional response

As an example of the functional behaviour of the TOPUP
SVAT model (and by implication, SVAT models in gen-
eral) consider Fig. 2. This summarises the results of 10000
different TOPUP simulations with parameter sets chosen
randomly from reasonable ranges (see Table 1). At this
stage, each parameter has been sampled from a uniform
distribution across the range, but other choices of the prior
distributions, and joint distributions amongst groups of
parameters, could be made. Each plot in Fig. 2 represents
results across the range of a single parameter. Each dot on
each plot in Fig. 2 represents one model run. Each plot
therefore represents a projection of the results in the high
dimension parameter space onto a single parameter axis.
The results are the same in each plot and are the cumula-
tive evapotranspiration in mm over a 15 day period of the
3rd Intensive Field Campaign (IFC) of the First ISLSCP
Field Experiment (FIFE) in Kansas in August 1987.

It is readily seen in these figures that there are high pre-
dicted cumulative evapotranspiration fluxes across the
range of most of the parameter values. There are also low
cumulative evapotranspiration fluxes across the range of
most of the parameter values. These differences result
from the interactions of parameter values in the model.
This behaviour is not unique to this site and this period.
Similar plots are shown in Fig. 3 for IFC4 of FIFE, and
in Figs. 4 and 5 for the 1990 and 1991 periods of the
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Fig. 2. Scattergrams of cumulative evapotranspiration for 4 of the
model parameters when driven with FIFE IFC-3 data.
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