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Abstract
Recent decades have seen advances in
sediment flux modelling in New Zealand,
including adaptation of models developed
overseas, development of some empirical
models specifically for New Zealand, and
applications to assess the environmental
impacts of erosion. This paper documents
and summarises the range of sediment flux
models and their application. Particular
emphasis is given to the degree to which the
models represent the wide range of processes
occurring in New Zealand, and also to their
representation of shallow landslides. It is
concluded that the simple empirical models
for mean annual flux give limited insight
to processes, and so provide only limited
guidance for mitigation and intervention
measures. At the other extreme, detailed
process models are difficult to run and
express in terms of parameters, and they still
have difficulty in accommodating the range
of relevant processes. Modification of an
intermediate-complexity model, SedNet, is
proposed as a way forward for further model
development in New Zealand.

Introduction
Prediction of sediment flux is of considerable
interest in managing the effects of erosion
(Elliott et al., 2006), including assessment of

loss of soil and pasture production (Glade,
1998), effects of accretion on channel flood
conveyance, and impacts on stream and
estuarine biota (Davies-Colley and Smith,
2001; Thrush et al., 2003). Typically,
land managers are interested in not only
quantifying the mass flux rates, but also
in more sophisticated questions, such as
identifying the source of sediment, the effects
of changes in land use and climate, processes
responsible for sediment generation and
delivery, the effects of filters and buffers,
and the timing of sediment loading. Such
questions are related to the best locations
and types of intervention measures to control
erosion and their environmental effects.
Many models are available for erosionsedimentation analysis, ranging from simple
lumped empirical annual average models to
detailed mechanistic models resolved to fine
timescales. Several reviews of the processes and
techniques used in such models are available
(Jetten et al., 1999; Merritt et al., 2003;
Aksoy and Kavvas, 2005). Over the last two
decades, several models have been applied in
New Zealand, often involving adaptations of
the models to suit New Zealand conditions. A
particular challenge in applying such models
is representing the wide range of erosion
processes, from overland flow erosion to
debris avalanches (Hicks and Griffiths, 1992;
Ministry for the Environment, 2001; Basher
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et al., 2008; Lynn et al., 2009). A conceptual
model for the range of processes and their
interactions for the Motueka catchment
demonstrates the complex and diverse range
of processes, even within a single catchment
(Fig. 1).
In this paper we review the application of
erosion and sediment models in New Zealand,
with particular emphasis on the degree to
which the models represent processes, and we
identify recent or current efforts to fill some
of the gaps in representation. The initial
discussion centres on empirical models and
then turns to more complex models involving
more detailed representation of processes. The
topic of shallow landslides recurs throughout
the paper, reflecting the practical importance
of this erosion process in New Zealand.
This review will provide the reader with an
appreciation of the strengths and weakness
of the various modelling approaches in the
New Zealand context. The paper largely
concentrates on models for quantifying
contemporary sediment flux in stream
networks rather than landscape evolution or
palaeo-sedimentology, with emphasis on the
catchment-scale assessment of sediment flux.

Empirical yield models
Universal Soil Loss Equation (USLE)

The Universal Soil Loss Equation
(Wischmeier and Smith, 1978) is often used
in New Zealand for estimating sediment
losses from earthworks areas, to support
earthworks consent applications (Auckland
Regional Council, 2005). The model, which
was developed in the USA based on empirical
modelling of plot runoff data, incorporates
key factors such as soil texture and condition,
land slope, length of overland flow, land cover,
rainfall intensity, and duration of earthworks,
all of which influence soil detachment by
rainfall and overland flow. However, factors
such as the delivery ratio of eroded sediment
to the stream network are difficult to estimate
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– typically a blanket delivery ratio of 0.5 is
used in New Zealand – and such arbitrary
factors lead to reservations about the use of
the USLE for quantifying sediment flux to
streams and the associated environmental
effects. The USLE is used for predictions
at hillslope scale but does not provide
catchment-scale predictions.
A simplified version of the USLE has also
been developed recently for New Zealand
(Dymond, 2010). This model (NZUSLE)
was developed for national-scale assessment
of sediment flux related to soil carbon losses.
The model uses a mean annual rainfall term
for the rainfall energy/erosivity, and includes
four classes of erodibility depending on soil
texture, a slope length term, a slope gradient
term, and a vegetation cover term. The model
was calibrated to results from runoff studies
in New Zealand, with an R2 for specific yield
of 0.6 in log space.
Suspended Sediment Yield Estimator (SYE)

For use at catchment and national scales, the
Suspended Sediment Yield Estimator was
developed by Hicks and Shankar (2003) to
predict specific yield of suspended sediment
based on a power function of mean annual
rainfall and the ‘erosion terrain’. The erosion
terrains were defined by Landcare Research
on the basis of slope, surface rock type, soils,
dominant erosion processes, and expert
knowledge (Dymond et al., 2010), drawing
to a large degree on information available in
the Land Resources Inventory (Newsome,
1992). Sediment flux through streams is
determined by accumulating the flux from
upstream grid cells. As detailed in Hicks et al.
(this volume), the coefficients associated with
each erosion terrain grouping were calibrated
to sediment load measurements at over 200
streams sites, and so implicitly include any
sediment delivery component. The model
R2 in log space was 0.97 for South Island
calibration sites and 0.96 for North Island
sites. The predicted sediment flux is available

Figure 1 – Schematic representation of the range of sediment transport processes operating in the
Motueka catchment (from Basher, 2005)
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through the Water Resources Explorer
(http://wrenz.niwa.co.nz/webmodel/). The
model takes account of key drivers such as
rainfall and geology, but does not explicitly
model erosion processes.
New Zealand Empirical Erosion Model
(NZeem®)

Dymond et al. (2010) extended the SYE to
account for the effect of tall woody vegetation
on erosion. A factor-of-10 reduction in erosion
rates for areas with land covered in trees was
imposed, based on limited field studies. The
erosion terrain coefficients were re-calibrated
to give the same overall sediment load as the
SYE, and hence implicitly include the effects
of sediment delivery. This approach also
enabled spatial downscaling from 100 m in
the SYE (limited by the scale of erosion terrain
maps) to 15 m resolution available from
satellite images of vegetation cover, although
the ability of the model to accurately represent
erosion at such a fine scale is questionable.
This model has been used to assess the effects
of land-use change on sediment loads in the
Manawatu River catchment (Schierlitz et al.,
2006), and the effect of carrying out sediment
control measures on farms, assuming a fixed
percentage reduction in sediment yield
for those areas implementing a farm plan.
The model R2 for specific sediment yield
was 0.65.
SPARROW Sediment Load Model

The SYE approach was also extended by
Elliott et al. (2008) by adding slope and land
cover terms. The model was re-calibrated
to measured suspended yields using the
SPARROW regional regression method
(Alexander et al., 2004). This method has
the advantage that parameter errors can
be assessed, and also the effect of in-stream
attenuation or sources of sediment can be
included. The model R2 in log-space was
0.925 for sediment loads. Various stream
erosion and deposition terms were tried,
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mostly with power types of relationships,
but these did not improve the model fit and
were not included in the final model. The
vegetation cover term amounted to a factor
of 4.5 +/- 2.3 increase for sediment flux,
indicating the uncertainty and variability
associated with this term. In addition, some
model regression terms may interact, such as
the relation between slope and vegetation,
which may mask or inflate the effects of
some terms, a peril of inferring processes
from empirical models. Where terrain classes
differed only by slope, they were combined
to reduce the number of classes and to reduce
interaction between the slope and terrain class
terms. Nevertheless, there is the potential for
some remaining interaction between slope
and terrain class. The SPARROW model has
been included in the CLUES water quality
modelling system (Woods et al., 2006, see
also http://www.maf.govt.nz). Nationalscale predictions of sediment yield are shown
in Figure 2, illustrating the wide range of
sediment yields associated with variations in
geology, rainfall, and vegetation.
The models above provide predictions of
mean annual sediment load, but this can be
broken down into event loads using temporal
downscaling approaches. This can be useful,
for example, when predicting the effects
of erosion on estuaries, which respond to
individual storm loadings. One approach to
downscaling is to use a probability distribution
of event loads derived from concentrationflow rating curves applied to continuous flow
records. This approach is currently used in
the CESIT linked catchment-estuary model
(Elliott et al., 2007). An alternative could be
to use hydrological models in conjunction
with empirical relations between water and
sediment flux (such as those in Hicks et al.,
2000).
HydroTrend

The HydroTrend model (Kettner et al.,
2007; Kettner and Syvitski, 2008; Gomez

Figure 2 – Predicted annual suspended sediment specific yield, obtained from the
SPARROW empirical model (Elliott et al., 2008)

et al., 2009; Upton et al., 2009) has been
used to predict the effect of historical climate
and geological conditions on sediment flux
from the Waipaoa catchment, and to project
sediment losses under climate change. The
model is driven by a simple regression model

(BQART) for suspended sediment load as
a power function of mean annual flow (Q),
catchment relief (R), area (A), and mean
annual temperature (T), a lithology factor (B,
ranging from 0.5 to 1), a reservoir retention
term, and an anthropogenic influence
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term based on gross domestic product and
population density. An additional empirical
source term for glacial sediment sources
is used.
The mean annual suspended sediment
load is broken into daily loads using a daily
flow rate and a dimensionless sediment rating
curve that includes a stochastic component.
A separate term for daily bedload is based
on a modified Bagnold equation that uses
the daily discharge and the slope of the
delta plain. The flow rate is derived from a
daily lumped hydrological model driven by
daily rainfall events (either from records or
derived stochastically), and also includes
a glacial storage term. This model hence
moves somewhat beyond a simple empirical
model for sediment flux by separating glacial
from non-glacial erosion sources and using a
simple hydrological model in the temporal
disaggregation.
Empirical models for shallow landslides

Given the importance of shallow landslides
in New Zealand (Glade, 1998), various
researchers have developed empirical relations
for landslide frequency. The likelihood or
spatial density of fresh shallow landslides
have been characterised as a function of event
rainfall and antecedent rainfall for particular
regions, based on records of rainfall and
shallow landslide occurrence (Crozier and
Eyles, 1980; Glade et al., 2000; Reid and
Page, 2003). Reid and Page (2003) combined
relations for new shallow landslide density
as a function of rainfall with the statistical
distribution of rainfall events to establish
the long-term rate of shallow landslides and
the contribution from events of different
sizes in the Waipaoa River basin. They also
established empirical relations for the effect
of trees on shallow landslide density and
the volumes of shallow landslides, and the
fraction delivered to streams. They used these
relations to predict the effects of re-forestation
and to identify the contribution of shallow
148

landslides to the measured sediment load at
the catchment outlet.
Dymond et al. (2006) identified erosionprone land based on a slope threshold and
the presence of woody vegetation in the
Manawatu-Wanganui region. Connectivity
with streams was established based on whether
failed material would encounter slopes of less
than 4 degrees en route to the stream when
routed down topographic contours. Such
routing approaches served to connect erosion
sources to stream loading rates. Schierlitz
(2008) applied a linear relation between
landslides and rainfall in excess of a threshold
value to predict the percentage increase in
frequency of landslides under climate change,
and applied this increase to the NZeem®
estimate of erosion to predict future erosion.
This approach to shallow landslides has been
extended to characterise critical failure slopes
and run-out distance nationally (Dymond,
2010).

Dynamic simulation models
Starting in the 1970’s, a number of dynamic
simulation models were developed for
predicting erosion, initially with an emphasis
on predicting soil loss from agricultural fields
in the USA, but later extending to catchment
scales and to a wider range of locations and
applications. Some of these models have
been applied in New Zealand, with some
modifications, as described below.
Models based on CREAMS and GLEAMS

GLEAMS (Groundwater Loading Effects
of Agricultural Management Systems,
Knisel, 1993) and its predecessor, CREAMS
(Chemicals, Runoff and Erosion from
Agricultural Management Systems, Knisel,
1980), simulate the processes of overland
flow generation, sediment mobilisation by
rain-drop impact and overland flow, and
sediment routing down hillslopes, including
such processes as deposition of sediment in
overland flow when transport capacity is

exceeded. The benefits of this approach over
the USLE are (i) that sediment delivery to
streams does not require specification of a
sediment delivery ratio, and (ii) the ability to
represent the risks of sediment loss associated
with different sizes of rainfall event, taking
antecedent moisture conditions into account.
A further attraction of this approach is the
use of some parameters in common with the
USLE, such as soil erodibility values, which
reduces the reliance on calibration or separate
experimentation for establishing parameter
values. Stroud and Cooper (1998) found good
agreement between erosion rates predicted
with CREAMS and rates measured with
isotopic techniques (Basher and Ross, 2002).
CREAMS was also used to derive design
curves for the sediment trapping efficiency of
riparian buffers (Collier et al., 1995).
GLEAMS operates only at a hillslope/field
scale, whereas environmental impact studies
often demand catchment-scale predictions. To
work up from field-scale to catchment scale,
Cooper and Bottcher (1993) developed the
Basin New Zealand (BNZ) model, whereby
GLEAMS was run for each grid cell in a

catchment and the loads were accumulated
down the stream network with first-order
flow-dependent decay (Fig. 3). This approach
was used to assess the influence of land use
in the Ngongotaha catchment, highlighting
the potential influence of deer (Rodda et
al., 2001). BNZ was also used to attribute
catchment sources to various soil types, slopes,
and land uses in the Mahurangi Harbour
catchment, and the effect of future land
development on sediment load (Oldman et
al., 1998). The loadings from the catchment
model were linked to an estuary model to
derive rates of sediment deposition in the
estuary (Oldman et al., 1998).
The BNZ approach has been developed
further and applied in a number of recent
catchment-estuary studies. For example,
WAM (Watershed Assessment Model)
(Bottcher et al., 1998) is an extension of BNZ
that includes a stream transport component
allowing for shear-dependent entrainment
and deposition of sediment in excess of
transport capacity. WAM was applied to
the Okura catchment (Stroud et al., 1999).
In a recent application, a stormwater pond

Figure 3 – Schematic of method of GLEAMS-based catchment models and linkage to estuarine models
(adapted from Parshotam et al., 2009).
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component was added and the 994 km 2
southern Tauranga Harbour catchment
was simulated with a grid resolution of
30 m (Elliott et al., 2009; Parshotam et al.,
2009). A spatially-distributed dynamic
model includes several benefits. A spatiallydetailed picture of sediment generation
taking account of a large number of factors
can be generated; the risks of sediment losses
can take account of antecedent moisture
conditions and seasonal variations of ground
cover; and flow-dependence of sediment
routing and mitigation measures such as
earthworks control ponds can be considered.
The Tauranga model was used to assess the
effect of climate change using a perturbed
rainfall and temperature time series, which
highlighted the non-linear responses within
the catchment. Even though the mean annual
rainfall was changed only marginally as a
result of climate change, the sediment load
was predicted to increase by 43%, a result of
the increase in storm depth from large storms
and the non-linear response of sediment loss
to event rainfall depth. The predicted response
of deposition in the harbour amplified these
effects further, due to limitations in the
flushing capacity of the estuary.
While these GLEAMS-based models
capture a range of processes, there are
limitations to their applicability. They do not
take account of mass movement processes
such as shallow landslides or stream-bank
instability, nor do they represent small-scale
processes such as erosion of roads in forest
felling operations. It is assumed that all storm
runoff is overland flow for the purpose of
calculating sediment transport, and particle
size distributions are based on empirical
relations for generated sediment at runoff
plot scale and do not take into account
selective deposition processes. Finally, the
model is based on a daily timestep, with some
attempt to account for peak flow conditions.
For example, an empirical equation is used
to relate peak runoff to the daily runoff, and
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the peak runoff is used for routing sediment
down the hill. Despite some attempts to
account for peak flows, errors will arise due
to inaccuracies in the empirical relation and
due to non-linearities in sediment transport
processes.
WEPP

The WEPP model is a continuous simulation
model for hillslopes and small catchments
(Flanagan and Nearing, 1995). It extends
early hillslope models such as CREAMS by
adding explicit representation of rill erosion
and transport, cascading hillslope elements
(which also allows for flow convergence),
routing of five separate sediment classes, and
a number of different hillslopes connected
to a linear arrangement of stream reaches.
Sediment entrainment and deposition in
overland flow, rills, and channels is calculated
based on quasi-steady conditions at the peak
flow rate, with entrainment due to excess
shear and deposition of sediment in excess of
transport capacity. Cochrane and Flanagan
(1999) developed methods for automated
generation of hillslope elements from digital
elevation models, which facilitates the
generation of WEPP inputs for catchments,
and a GIS-based interface, GeoWEPP, has
been developed (Renschler, 2003). A shallow
landslide generation component was recently
added to WEPP, which uses profile soil
moisture in conjunction with an infinite-slope
shallow landslide model to predict landslides
(Acharya and Cochrane, 2009; Cochrane and
Acharya, 2009). This model was applied to a
laboratory flume and tested on a catchment
near Christchurch. Further details on this
WEPP-SHALLOW LANDSLIDE model
and further enhancements to account for
soil armouring are described in the paper by
Cochrane and Acharya in this issue. WEPP
and WEPP-SHALLOW LANDSLIDE
represent progress towards including
additional processes in continuous simulation
models.

Schmidt Landslide Model

Schmidt et al. (2008b) developed a model
for predicting landslide density for large
catchments using the TopNet hydrological
model (Bandaragoda et al., 2004; Woods et al.,
2009) in conjunction with an infinite-slope
failure model; the hydrology component was
driven by forecast rainfall. A further feature
of this approach was the use of uncertainty
analysis based on drawing parameters for
the soil strength component model from
probability distributions of values to derive
ensemble model predictions. For a trial
application in the Whangaehu catchment in
the Whanganui region, the model showed
reasonable predictive skill for the catchment
overall, but the observed shallow landslide
locations did not match the pattern of
predicted risk accurately (Fig. 4), so this type

of model is best considered as indicating risk
rather than as an accurate predictor of the
location and timing of shallow landslides.
SHETRAN

The SHETRAN model (Bathurst, 2002) is a
distributed, fully dynamic, largely physicallybased simulation model that increases the
complexity of hydrological processes and
degree of spatio-temporal resolution beyond
the range of the simulation models discussed
above. It allows for sub-daily timesteps, cellto-cell routing of sediment down a hillslope,
and subsurface moisture transport through
solution of the three-dimensional Richards’
equation. It has an increased potential to
represent a wider range of hydrological
processes affecting hillslope erosion processes
(such as variable source areas), and an ability

Figure 4 – Probabilistic predictions of shallow landslides from the Schmidt model. The black areas
in the right-hand panel show point of observed landslides, as against the shaded prediction
probabilities. Figure from Schmidt et al. (2008b)
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to model sediment flux to estuaries at a
timescale that is less than the tidal timescale
that affects estuarine dispersion. The model
was applied with a 0.5 m resolution over a
970 m2 rainfall simulator plot at Whatawhata
(Adams and Elliott, 2006). The calibrated
model was able to represent the shape of
the sedigraph from single artificial rainfall
events under different land cover conditions
and highlighted the potential for complex
erosion and deposition patterns (Fig. 5).
However, the approach relied strongly on
calibration of erosion coefficients, seasonal
variability in soil properties, and antecedent
moisture conditions, which would limit the
applicability of the model for non-research
applications.
The model was also applied to the
167 km2 Waitetuna catchment, which drains
into Raglan Harbour/Whaingaroa, using a

resolution of 20 m cells in plan view and 3
soil layers with 36 computational elements
vertically (Schmidt et al., 2008a). A run-in
period of six months was used to remove
dependence on initial conditions. The
simulation of a large rainfall event, including
the run-in period, took approximately
24 hours of computation, despite using a
computing cluster during the run-in period,
highlighting the computationally-intensive
nature of SHETRAN when applied at
catchment scale with fine spatial resolution.
Model validation was acceptable for a
subcatchment after calibration in two separate
subcatchments of similar size, but validation
at full catchment scale was unsuccessful
(unpublished results) due to gross underestimation of large sources from a particular
tributary (McKergow et al., 2010). Runoff
in the catchment model was dominated by

Figure 5 – Example fine-scale predictions from the detailed simulation model SHETRAN. The
peak erosion rates under a large rainfall simulator on pasture for a) pre-grazing and b) post-grazing
in winter. Each unit on the axes refers to one grid cell of 0.5 m. Reproduced from Adams and
Elliott (2006)
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variable source areas, whereas the runoff in the
hillslope model was dominated by infiltration
excess, which raises questions about the
model transferability between scales and also
the realism of the process representation,
despite using a physically-based distributed
dynamic modelling approach.
Burton and Bathurst (1998) added a
shallow landslide modelling component
to SHETRAN. The usual SHETRAN
model was run at a coarse resolution, then
the soil profile moisture predictions were
downscaled based on topographic indices,
the resulting soil moisture predictions at fine
scale driving an infinite-slope failure analysis
with subsequent topographically-directed
run-out. Ekanayake et al. (2010 submitted)
recently extended this approach by using
SHETRAN moisture results directly from a
fine-resolution simulation, rather than relying
on spatial downscaling of soil moisture, and
they applied this approach to the Waitetuna
catchment, as well as to an instrumented
hillslope in the same area.
This application highlighted some
conceptual difficulties when integrating
a factor-of-safety risk approach into a
model based on continuous mass transport
processes. For example, when the model
parameters were calibrated so that model
reproduced the observed hillslope landslide,
the model also predicted many other shallow
landslides in other parts of the catchment,
when none occurred in reality. This may
reflect the difficulties with calibrating to a
point measurement in the light of random
variability, but also points to difficulties in
accounting for prior failure in other parts
of the catchment. If the model needs to be
run for some prior period to allow parts of
the catchment to fail before the storm of
interest, then how long should that maturing
period be? Furthermore, should there be an
allowance for weathering of previous scars so
that such areas become available for failure
in the future? If exceedance of the stability

criteria indicates only some probability of
failure rather than actual failure, then how
can such a model be calibrated to measured
sediment loads at the catchment outlet? How
can catastrophic landslides be represented at
the same time as other fluvial processes that
are more amenable to a more continuous
deterministic representation?

Intermediate complexity model,
SEDNET
SedNet (Prosser et al., 2001; Wilkinson et al.,
2009) is a spatially distributed model for mean
annual sediment load developed by CSIRO
in Australia. It is based on a relatively simple
physical representation of hillslope erosion
processes (sheet and rill erosion, gullying)
and channel processes (including bank
erosion and floodplain deposition, and coarse
sediment deposition) and losses in reservoirs
and lakes. For each stream link in the drainage
network, an annual mass budget is used to
determine the outlet sediment load from the
difference between the inputs (hillslope, gully
and bank erosion) and loss to floodplain or
coarse sediment deposition and loss to any
reservoirs and lakes. Sheet/rill erosion is
determined via a USLE-type approach with
a specified delivery ratio. Gully erosion is
determined from observed gully density and
gully widening rates, and riverbank erosion is
determined through power-type relations for
bank migration rates. Overbank deposition
is based on a settling-type relation in over
bank flow, taking account of the spectrum
of flow rates and using hydraulic geometry
relations for factors such as the bank-full
flow, while coarse sediment deposition is
based on sediment transport capacity at bankfull flow.
SedNet is a ‘reduced complexity’ or hybrid
empirical/physical model that requires less
input data and parameterisation than the
dynamic simulation models, but has sufficient
process representation to be useful for a
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greater range of management applications
than lumped empirical models. The model
can be used both to assess responses to landuse change and to attribute erosion to various
source terms. Recently, Landcare Research
have incorporated NZ-USLE and NZeem
into a SedNet-type of model framework.

Synthesis and future direction
The variety of models listed above attests to
the increasingly widespread use of sediment
flux models in research and practical
applications in New Zealand over the last
two decades, ranging from empirical models
at hillslope scale to complex mechanistic
models at catchment scale. Many of these
models were developed overseas, and uptake
of new international modelling developments
continues. In some overseas cases, such as
tectonically inactive areas where erosion is
dominated by surface erosion processes under
cropping, the sediment modelling problem is
largely ‘solved’ and new developments focus
on improving model usability and scale. In

many cases, however, these overseas models
do not cover the range of processes relevant to
New Zealand conditions. This has prompted
the adaptation or extension of the models for
New Zealand conditions.
The available models in New Zealand
are not yet mature in terms of being able
to answer practical management questions
across the country. While the national-scale
empirical yield models capture a large degree
of the variation in sediment yield across the
country, they do not give the land manager
insight into the processes responsible for
the sediment, and considerable predictive
uncertainties, often unstated, are involved.
This limits the utility of such models for
targeting intervention measures. Temporal
and spatial downscaling methods allow
further resolution of spatial and temporal
variations, but there are no analogous methods
for increasing process resolution. Empirical
models for hillslope runoff or shallow
landslides are available, but these only address
part of the process spectrum (Table 1). At

Table 1 – Degree of explicit process representation in models of varying complexity.

Process

Empirical
shallow
Empirical
landslide
Yield Models models

SedNetNZ
(proposed)



Infiltration excess runoff
Variable source areas



Hillslope surface erosion
Shallow landslides
Earthflows
Gully erosion
Road erosion
Bank erosion










Daily or sub-daily dynamics
Stream transport
Morphodynamics
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GLEAMS
Catchment








WEPPSLIP

SHETRAN



















the other extreme, the detailed mechanistic
process-based models are difficult to express
in terms of parameters, calibrate and validate,
and they can be computationally difficult to
apply at large catchment scale. Moreover, the
process-based models still cover only a limited
range of processes; for example, none of them
addresses gullies or earthflows. There are also
underlying difficulties around incorporating
catastrophic erosion events into models based
on a continuum approach.
A SedNet-type approach offers a middle
ground between lumped empirical yield
models and detailed dynamic simulations
models. Current work by Landcare Research
aims to develop a version of SedNet that
represents a more complete range of erosion
processes in New Zealand (sheet, rill, gully,
streambank, landslide, and earthflow). New
algorithms need to be developed to model
landslides and earthflows, and New Zealandspecific models are needed for bank erosion
and gullying. By including a range of processes
within a sediment budget formulation, it
should be possible to ascribe sediment flux in
the river network to various sources and to
simulate the effects of management of those
sources.
None of these models, including the
proposed SedNet, includes long-term
morphodynamics, that is, the dynamic
adjustment of landforms and stream
morphology in response to climate,
geological, tectonic, and anthropogenic
factors, as mediated by sediment dynamics.
In New Zealand, mobilisation of sediment
stores deposited during deforestation is
likely an important source of sediment.
While process-based models can potentially
represent the contemporary flux associated
with release of such stores (or accretion of
further stores), often such models are asked to
project decades into the future, in which case
depletion of the stores becomes important.
As another example, the response of streams
to practical interventions such as riparian

planting can result in channel widening in
response to stream shading of pasture grasses
(Collier et al., 2001), an unintended turn
in the catchment recovery trajectory that
process-based models may not capture unless
a morphodynamic component is included.
In summary, considerable progress has
been made in New Zealand to adopt and
where necessary modify fluvial sediment
modelling approaches, with many practical
applications to management questions.
There is a need to add further processes to
these models to account for the wide range
of processes, but simply adding processes
to detailed dynamic process models has
limitations. Therefore, an intermediatecomplexity modelling approach is currently
being developed as a fruitful way forward.
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