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SFIE: Although such a title may conJure up images of a new
perfume, or yet another cliched love song, here it heralds
something completely different, something which could
brighten the lives of hydrologists worldwide SYSTEN/E
HYDROI-OGIC EUROPEEN Thrs impressive title belongs
to a system which introduces a new approach in the use of
computers for examining the movement of water through a
catchment and for calculating river flows

A computer model provides an abstract method for
representing a real system Computer-based hydrological
models use mathematrcal expressrons to represent the
physrcal processes by which water moves through a
catchment. These models are valuable tools, they can help
us to understand basic hydrological principles, to

reconstruct past events and predict future conditions, and
to assess the effect of human activities on a river's flow
The main weal<ness with hydrological models is that an
accurate reproduction of the real field situation is not
possible Even the most complex models can only
represent a few of the myriad of pathways which rainwater
may follow to get to the catchment outlet
The value of a model depends on the degree to whrch it

can match the response of the real system ln studying the
hydrology of a complete drainage basin it can be
misleading to use an elemental approach without frrst

examining the consequences of the simplifications and
approxrmations needed for the model to represent
processes and their interactrons ln general, to obtaln
reliable results only models which can provide a detailed
and accurate representation of the physics of hydrological
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processes should be used. SHE is a system which enables
such models to be built easily. The value of SHE models lies
in their ability to directly take into account the variations in
catchment characteristics and hyd rological i nputs r nherent
in any area. This flexibility gives the models great scope for
predicting realistic hydrological, as well as environmental,
catchment responses.

SHE - Structurc and Applicability
The basis of SHE was developed in 1976 as a result of a
combined effort of the lnstitute of Hydrology (UK),
SOGREAH (France), and the Danish Hydraulrc lnstitute
(Denmark).
The SHE computer program has an important Frame
structure which coordinates and controls the operation
of mociels of the individual hydrological processes.
The components include snowmelt, canopy
interception/evapo{ranspiration, overland- and channel
flow, unsaturated and satured flow through the soil. (See
figure 1). Considerable flexibility is provided by allowing
these components to assume different levels of complexrty
or be omitted rn any given application, depending on the
actual conditions and the availability of data. Also, the
individual components are structured as separate units
which can be used rndependently.

SHE models use meteorological data with information on
the topography, vegetation, soils, surface and channel
roughness, and channel shape and geometry. Practically
any physical information whrch can be obtained on the
basrs of rnvestigations in the catchment can'be used
directly in a SHE model.
Most of the components used by SHE can be measured
directly and their ranges estimated by field and laboratory
tests. This is rmportant in terms of a model's applicability.
For example, human activities, such as deforestation or
irrigation schemes, can cause changes in catchment
charactenstics at certain locations. Measurement of the
extent of such changes can be slotted into the SHE model
and used to predrct their effect on catchment hydrology.
The ability to use short term, intensive field tests to estimate
reasonably accurate values for most of the SHE
parameters means that long, simultaneous records of
rainfall and streamflow for calibration of a model are not
necessary. ln many developing countries, where
hydrological data bases are often short and unreliable, this
is an important feature of SHE.
When the data base of a project is inadequate for accurate
prediction a SHE model can indicate the range of possible
outcomes of the project, and hence the uncertainty of
predictions made by the model if constructed on the
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inadequate data base. lt can thus indrcate the level of risk
involved in such a project and the possible extensions of
the data base needed to reduce that risk.
Natural hydrological processes operate over a wide range
of time scales. This, combined with the variations in the time
at which data is available, means that a flexible definition of
calculation time steps is needed. ln the SHE-Frame time
steps for the individual components can be adjusted in

accordance with current rates of change of the actual
component process. For example, in very intense storms,
when the catchment is very active hydrologically, very short
time steps (in the scale of minutes) would be required.
Conversely, during periods of steady-state conditions
hydrological actrvity can be slmulated accurately using
time steps in the order of hours. Since SHE is intended as
a general hydrological modelling system this flexibility is

cruclal.
To use SHE for modelling catchments, information must be
provided on the spatial variation of physical catchment
properties. To do this the catchment is characterised by a
series of grid elements, wrth appropriate property values
defined for each element. The grid pattern chosen rs a
compromise between the detail of information available or
necessary and the cost of simulatrng many elements.
When SHE is first used to build a model a uniform
horizontal grid, common for all coÌnponents, is used. ln
subsequent revisions grrd sizes in the honzontal plane are
varied, meaning that the grid can be refined in areas where
hydrological activity is changing rapidly; for example near
rivers and pumping fields (See figure 2).
The capability of SHE to account for spatral variations in
meteorological and hydrological inputs is an important
advantage over traditional lumped catchment models. For
example, in flood forecasting SHE models can account for
the way that rarn storms move over a catchment. lnterbasin
transfers, localised river and groundwater abstractions and
additions from artificial recharge, sewage and stormwater
outfalls can all be explicitly considered rn a model.
SHE thus has a wrde range of applications rn the analysrs
of the hydrological consequences of various types of water
and land use in catchment projects.

SHE in New Zealand
SHE's use in New Zealand was pioneered by scientists
working at the MWD Hydrology Centre in Christchurch. To

date (1985) a series of models have been built for three
North lsland catchments - each model revision returns
results that suggest various modifications to the model. The
three catchments used have different hydrological regimes
which allows various components of SHE to be tested,

The Puketurua Exper¡mental Bas¡n
The first two model series involved simulations in the
Puketurua experimental basin in Northland using two small
subcatchments, Pukewaenga and Pukeiti, with areas of 38
ha and 1.4 ha respectively. Runoff in these areas is

dominated by suface flow, with the clay sorl reducing
subsurface flow to a minor role.

i. Pukeiti Catchment
Simulations for the Pukeiti catchment were made as a
prelrmrnary trial, to test that SHE was properly set up on the
MWD mainframe computer and to isolate inadequacies in
the data and physrcal constants used.
For this catchment a simplified model was built by
excluding the groundwater component. This made it

possible to simplify the calculations representing
subsurface flow and meant that all soil columns with
rdentical soil and vegetatron conditions could be treated as
one.
Data used in the simulations include rainfall, potential
evapotranspiration, vegetation and soil type. Measured
flow data was used to check the model's validity and
reduce the error rn approximations made.
Other factors used include a grid square size of 20 mz, time
steps of 1.5 minutes, and assumptions of initial soil moisture
being equalto field capacity and an absence of overland
flow prior to the beginning of the storm.
Results showed thatthere was a good agreement between
the measured and simulated flows. ln generalthe observed
and simulated peak flow values were of equal magnitude,
but the srmulated recessions tended to occur too quickly
and runoff volumes were smaller than those measured in
the field.
SHE's ability to indicate the effect of land use changes on
catchment hydrology was tested on the Pukeiti catchment.
Hydrological records for the manuka-covered basin began
in 1962 (pre-change period). ln 1971 the vegetation was
burnt, grass was sown and grazing rntroduced (post-
change period) A storm measured during the prechange
period was simulated using parameters relating to the
postchange period. Comparison of the measured and
simulated flows show that the changes in land use have
caused very little difference in the flood behaviour of the
Pukeiti catchment.
Simulations of the Pukeiti basin were good but, because
the clay soil limits infiltration and measured runoff lasts for
only one to two hours following rainfall, the model effectively
uses only the interception and surface runoff components
of SHE (See figure 3).



The Pukewaenga basin has similar soils as Pukeiti and
initial simulations assumed that catchment processes
would again be dominated by surface runoff Howeve¡
hydrograph recessions lasting for some days after rainfall
indicated that sub-surface flow is of greater importance in
this basin
ln this trial, simulation was divided into two parts: the first an
extension of the Pukeiti approach, the second simulating
sub-surface flow
Results from parl 1 confirm those of the Pukeiti trial,
implying that it was feasible to srmply scale up the Pukeiti
model to fit the larger catchment. ln order to 'Tine tune" the
proposed model for Pukewaenga, changes were required
in two parameters; the surface roughness, which affects the
speed at which water moves across the ground surface,
and the vertical saturated hydraulic conductivity, which
determines the amount of rainfall which infiltrates into the
soil ln both cases the changes were of the order of 5}o/o
and seem independent of the 25íold increase in basin size.
This indicates tnat measurements tal<en within a small sub-
basin of a geologically homogeneous catchment can be
used to simulate conditions within the basin as a whole
Although the phase 1 model would be satisfactory for the
simulation of single events it would be unlikely to give

accurate results for problems requiring accurate long term
estimates of water balance quantities, such as base flow
This is because of its poor simulation of recession flor¡¡s
Although the differences between the simulated and
measured recession flor¡¡s were small when compared to
peak flows, they could cause a large discrepancy when
used to predict storm runoff This is espeoally important in
the calculation of annual or seasonal runoff volumes To
calculate such volumes the seconci phase model, which
takes account of slower subsurface flow, provides a more
reliable simulation.
ln this trial subsurface flow was found to result from slow
drainage from saturated areas surrounding the channel To
simulate such flow the SHE Model needed adaptation by:
a The definition of a number of elongated grid elements

near to ihe rjver channel to represent river bank storage,
b Definition of a value for the saturated hydraulic

conductivity to ensure that the subsufface flow occurs at
a rate comparable with that inferred from observation

Results showed that the phase 2 model simulated
recession flow accurately but at the cost of slightly larger
errors in peak flow
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Figure 3: Comparison of srmuiated and observed hydrographs for the puket basn



The third, and most recent trial of a SHE model was
conducted on the Puruorakau catchment - a 37 ha basin
of pumice soil covered with indigenous forest
The purpose of simulating flows for Puruorakau was to
evaluate,
a. How to configure SHE for a catchment dominated by

subsurface flows
b The reliability of flow predictions based largely on the

calculations of the subsudace unsaturated and
saturated soil zones.

To model subsurface flow SHE requires extra information
relating to the soil properties, ldeally this should include the
soil moisture retention curve, the soil moisture content -
unsaturated hydraulic conductivity relation, vertical and
horizontal saturated hydraulìc conductivity, soil depth, initial

moisture content and the level of the water table at the start
of each simulation
An important part of this trial involved experimentation with
a variety of model configurations, studying different
combinations of elements and channel lìnks in order to
obtain the best predictions possible
The models that returned the best results were simple,
containing only two grid elements arranged to act
independently of each other: Such models returned

adequate representations of the processes taking place in

the catchment with simulated flows being close to the
measured values, Figure 4 compares the results from the
2-element and multi-element models

Furlher information may be obtained from the scientist in

charge, Hydrology Centre, Ministry of Works &
Development, PO Box 1479 Christchurch Thìs leaflet is

based on work by Dr R P lbbitt
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Figure 4: Comparson of simulatrons made usng dfferent model conf guratrons a mult element confrguraton b 2-element confguratton
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