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Introduction

This document provides a follow-up to a series ofkghops on erosion modelling
held in May—June 2006. The workshops worked towagieement on the types and
features of models that can be used by North Istagobnal councils to help manage
on-site erosion and sediment impacts in strearkeslaand coastal areas. This will in
turn guide future model development by NIWA, Larmdc&®esearch, and Regional
Council partners.

Before the workshops, a background discussion teporsediment models was
circulated that summarised a range of models, ifikxhtthe general features of
erosion/sediment models, and included blank sufeems on model requirements.
The background report is included in this reportaasaddendum. The reader is
referred to the addendum report for general backygio information on
erosion/sediment models, including brief descripgiof models which are referred to
in the body of this report.

Two half-day workshops were held; the first at Raiston North on 25 May; and the
second at Hamilton on 2 July 2006. Notes from thasetings are appended to this
report (Appendices 1 and 2). Key points from therkgbops are summarised in
Section 2. Following the workshops, survey respsnaere collected from the

workshop participants. These are collated in Appergi and key points are

summarised in Section 3.

With the information from the workshops and survegponses, a meeting was held
between Landcare Research and NIWA to plan modedldement (Section 4). This
is the main outcome of the workshop process.

Sediment model development: Workshop and surveyramn 1
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2. Key points from the workshops and surveys

2.1

Table 1.

In this section the main points identified in therkshops and surveys are listed.
There was no dominant direction or outcome fromvibekshops and surveys; rather,
a range of issues and model requirements was figeh(r his information is used as a
basis to propose a set of models, as outlinedeiméxt section.

Issues related to sediments and erosion

While regional councils have many sediment-relasgsdes of high importance, there
was no overall agreement on a single dominant igseen within a given region there
was often a range of issues). The key issuessiedl lin Table 1.

Overall, however, the following broad classes &lués had high priority: estuarine
infilling and sediment deposition; pasture and dejradation; sediment-related water
quality in streams; and sediment embeddedness ¢fiaément filling up voids in
gravel rivers) in streams.

Key issues, arranged in order from source to sea.

Issue Areas of the North Island with this issue as
afocus

Loss of soil from farm areas, and associated Erodible lands in eastern and lower parts of the

loss of farm production North Island

Erosion from new subdivisions and the Major urban centres

effects in the receiving environment
(estuaries)

Environmental effects of sediment from Upper and eastern half of the North Island
forestry operations

River turbidity and water clarity, especially Erodible lands in eastern and lower parts of the
as it relates to aesthetics and public North Island

perceptions of water quality

Sediment-related water quality, such as All areas

nutrient loads

Sediment embeddedness (fines in gravel All areas with gravel-bed rivers

river beds); important for stream biota

Accretion of coarse sediment in rivers, All areas with gravel-bed rivers

particularly the effects on channel flood

conveyance

Estuarine deposition — both deposition Regions with drowned-valley or barrier
events and long-term accumulation of estuaries (Auckland, Waikato, Bay of Plenty,

sediment and changes in sediment texture and to some degree Wellington)

Other issues included: urban stream erosion; affettsediment on marine systems
(not just estuarine); effect of reductions in pemttrol on sediment loads from bush
areas (the relationship of pest control to sediatenmt); and sediment deposition at
river mouths.

Sediment model development: Workshop and surveyramn 2
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2.2

The workshop identified a number of ways in whicbd®ls could be used to address
sediment-related issues. These uses provide soia@nge for model development. A
range or suite of models will be needed to provatethe variety of end-uses (it is
unlikely that a single model can provide for akk$h end-uses).

A clear need was seen for models that could be tesddntify soil conservation and
erosion controls on farms, forest blocks, or urbansub-divisions This is the
predominant scale at which erosion control takesgl On farms, this might amount
to a tool to identify what soil conservation measuto use, where to implement these
measures, and the cost associated with them, @porated within a whole-farm
plan for soil conservation. Simple models for rapgsessment and for use by land-
owners were seen as being particularly appropraieforestry sites, models or tools
would help plan and manage forest harvesting opeasito reduce erosion. Models
were seen as useful for quantifying the soil loesf and the effectiveness of erosion
control measures for, urban earthworks, to reducsi@ and as a basis for consent
decisions.

Identification of locations and sources of sedimengenerationwithin a catchment
or region formed another key area for model userdlare two aspects. First, a model
can be used to map the spatial distribution ofreedt generation in a catchment, to
identify critical or cost-effective locations torget mitigation measures, and this in
turn could be used to prioritise properties or pafta catchment for soil conservation.
Second, a model could break down the source ofreediinto different source types
(such as stream-bank erosion, slips, roads/traaksicular land-uses, sediment from
historical land clearance), and this informationlddoe used to target erosion control
(such as riparian planting or forest harvestingtrads). Reverse modelling could be
used to back-calculate from target sediment load®diment deposition rates/depths
to suitable land or stream treatments.

Erosion models could also serve as a quantitasestorprediction and control of
environmental effects of sediments.For example, quantification of sediment loads
to an estuary could be linked with an estuarine ehtal predict sediment accretion or
storm deposition depths. Similarly, a model of seslit generation and transport in
streams could be used to predict the number of ddyge turbidity thresholds are
exceeded or changes in sediment embeddedness.q8antitative catchment-scale
models could also be used to predict the redugticenvironmental effects through
various land-use or land-management or mitigati@asares (including management
policies or programmes). Model predictions can Beduto justify erosion control
measures, to manage public expectations for the tiaguired for environmental
improvements, and to guide policy/rule development.

Sediment model development: Workshop and surveyramn 3
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Models can be used tuide sediment extraction or dredging activitiego maintain
flood conveyance capacity, for example, to assessrhuch sediment to extract from
streams, and where and when to remove it.

Other uses for models were @ammunication toolsto the public and to councillors
(particularly with map-based outputs), and for mefiy the design of monitoring
programmes

2.3 Model outputs and scales

Identification of model roles drives the types afiable and the temporal and spatial
scales of the model.

Variables to be predicted. The following variables were seen as importanthi®
output of model predictions: sediment depositionptde (including spatial
distribution); sediment load; soil loss rates; ssghit concentrations in streams; and
particle-size distributions (insofar as they affeediment transport and ecological
parameters). A breakdown of sediment loads intacgoareas or types (e.g., sheet
erosion versus bank erosion) was also seen ad uaefivere maps of relative erosion
risk. Not all variables are required for each mags.

Spatial scale and resolution of the catchment modeThere was strong support for a
catchment-scale model that incorporated subcatchpaatitions, which in turn were
subdivided according to factors such as land-ussoibitype. There was also interest
in a separate model to provide predictions at tifisldpe or property scale (farm,
forestry lot, earthworks site), with sub-propertgsolution, to be used for the
development of local-scale sediment managemensplan

Resolution of stream and estuary modelsFor the stream component, a model
providing outputs resolved to the reach scale was s1s suitable in most cases. For
the estuary component, either a compartment modater spatial resolution (2-D or
3-D grid) was seen as appropriate.

Temporal scale and resolution There was most interest in models that can peovid
outputs broken down into storm events over longtperiods (decades). This would
serve as a suitable basis for assessing enviroahedffects. It was unclear whether an
actual time-series would be required, or whethebabilities of different loads or
concentrations would be sufficient. There was aigerest in models providing annual
average predictions, for example, in highlightimmurees of erosion or dominant
sources of sediment, and summarising the effeas®nf mitigation measures. There
was little interest in model predictions at the-swient scale.

Sediment model development: Workshop and surveyramn 4
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2.4 Mitigation measures, processes, and other desiredadel features

A strong desire was expressed for a wide rangeitiffation measures to be included
in the models, to allow for their comparison anéitisation. The highest priority
mitigation measure able to be evaluated by modals wegetative bank stabilisation,
followed by riparian filter strips, ponds and wetls, track and road erosion,
conservation planting, forest harvesting contr@ed pasture-cover management.
While pasture retirement, streamside stock accessl controlled floodplain
deposition were seen as less important for inatusio the models, they were
evaluated as high or medium priority by about tadf survey participants.

Farm-scale and other local models need to incldde following management
practices: stock type, stock rate, riparian prasticwetlands, soil conservation
measures, tracks, roads, minimum tillage.

There was strong support for including processes bahk erosion, stream
downcutting, and track and road erosion. Raindnmyland-flow erosion, gully
erosion, slips, landslides, bedload transport aqbsition, floodplain deposition, and
settling in estuaries were of high priority in abdalf the survey responses. Rilling,
debris flows, floodplain deposition, flocculatioe;mobilisation of estuarine deposits,
and coastal sediment dispersion were of intermedimportance. Long-term stream
shape and landscape evolution, and estuarine Higdramd wave mechanics were of
lowest priority.

If users are to apply models themselves, the modelst have a user-friendly
interface (graphical or spreadsheet-based), atél Bdased.

The survey participants considered that the mosledsild be targeted primarily for
use by regional council technical staff, rathentbg research specialists, planners or
the public.

The inclusion of uncertainty estimates of prediatetbut variables was considered to
be desirable.

There was support for erosion models to link toewauality and ecological models
(for example, to classify the habitat of streamches or to identify impacts of
sedimentation on estuarine biota). There was Btilgport for an economic module.

2.5 Summaries developed at the workshops

Model requirements are summarised in Appendicexil2a

Sediment model development: Workshop and surveyramn 5
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The Palmerston North workshop summarised requir&srenaddress a list of 5 key
issues (see table in Appendix 1). For each issigemodel variables/outputs, spatial
scale, temporal scale, priority, and mitigation sugas were identified.

The Hamilton workshop (Appendix 2) developed adistiseful models, incorporating
a brief description of each. Four model types weeatified and classified according
to primary intended use.

The summaries from the two workshops have been tséelp develop the list of
proposed models presented in the next section.

Sediment model development: Workshop and surveyramn 6
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3. Proposed models

From the workshops and survey, a number of sedimatstied issues and model uses
were identified, and desirable model features westablished. It is clear that no single
model would meet all these demands and uses. Ratkaite of models is required to
address the key issues and management applicaligisting models do not address
all of these requirements; accordingly, we havaetified a set of potential models and
their features, to serve as a framework for modeetbpment activities (Table 2). The
reader is referred to the Addendum Report for ggnbackground material on
erosion/sediment models.

While the proposed set of models would addressnthin regional council needs,
there is also a need for ongoing research-levelefting and field investigations, to
improve understanding of processes and develomptédictive capabilities of the
more management-oriented models.

This set of models serves as a desirable end-goalever, we must be realistic and
acknowledge that only some of these needs can bénntiee near future. There are
limitations in our current ability to characterige relevant processes adequately, and
there are also limitations in the resources aviglédy model development.

In Table 2 we give a broad indication of how thedele might be delivered, but have
stopped short of laying out the next steps andoresipilities in detail. This task will
be addressed in future discussions between respesetders, and between research
providers and regional councils.

Sediment model development: Workshop and surveyramn 7
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Table 2. Summary of proposed models and their attributegitbvess key issues and applications.

Model Issues addressed and uses Description Suggested development path

Urban earthworks | Quantification of sediment losses from urban | Subdivision scale, broken down into slope and soil classes and sub- Probably funded by and driven by

site model earthworks sites: to identify and assess areas related to phases of earthworks or ponds. Predicts mean regional councils, possibly through

mitigation options and for consent purposes. | annual load, and load from a design storm. Includes timing/phasing of | Envirolink.

earthworks, mitigation options such as silt fences and silt ponds, and A programme of field
re-v:g:ltatlon. Probgbly mcorpgr?tg elemen(;s of USLE/RUSLE. measurements would be highly
Probably not a continuous model, but may draw on treatment desirable to accompany model
performance curves derived from continuous simulation. development

Farm Prioritise erosion control needs on a farm A semi-quantitative farm-scale model, with results expressed as rates | Probably funded by and driven by

management plan
model

scale, and predict the reduction in erosion
risk and sediment delivery: used for farm
plan development.

of soil loss incorporating spatial variation. Accounts for variation of
soils and slope, the climate, farm management practices, e.g., stock
type and rate, and mitigation measures. Based on empirical
information and expert-type assessment. Includes landslides and
bank erosion.

regional councils, possibly through
Envirolink.

Forest block
management

Prioritise erosion control needs on a forest
block to reduce the sediment loss risk: used
to identify and assess mitigation options and
for consenting.

A semi-quantitative erosion risk model, with approximate erosion rate
and risk in harvesting and establishment phases. Predicts mean
annual erosion rate and design storm erosion rate. Takes account of
roading, harvest timing and method, topography, slope, soils and
climate, post-harvest cover management, sediment interception
measures (silt traps in bench drains, silt ponds). Uses expert
assessment where necessary.

Probably funded by and driven by
regional councils and/or forestry
industry.

Catchment and
receiving
environment
model

Quantification of sediment generation rates
from catchments, sediment concentrations
in streams, and deposition in estuaries, to
relate land and stream processes to
environmental sedimentation stresses.
Integrated view of effectiveness of mitigation
measures. Break-down of load into major
source categories, and mapping of source
distribution: to prioritise interventions in a
catchment.

Prediction of sediment load and deposition depths for various event
sizes and long-term average load and deposition. Semi-empirical
grid-based slips component (slip probabilities as a function of cover,
slope, event rainfall, and runout distance). The hydrology and
overland flow component will probably be based on process-based,
continuous, long-term simulation. Includes surface erosion, slips,
bank erosion, estuarine dispersal patterns. Time-stepping model
probably required for stream concentrations, but event/probabilistic
model may be sufficient for catchment loading and estuarine effects.

FRST.

May build on existing models
(WAM, SWAT, TopNet, landslide
models).

Sediment model development: Workshop and survey suynma
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Model

Issues addressed and uses

Description

Suggested development path

Catchment or
regional erosion
rate models

Sediment loads from catchments.
Identification of areas of high delivery of
sediment loads. Assessment of effects of
land-use and mitigation measures on
sediment loads. Long-term catchment
planning. Identification of at-risk receiving
environments.

An empirically-based model for surface erosion, landslides, bank
erosion and stream transport. Use measured data where possible to
set yields. Also use expert assessment to assess effect of various
driving factors (such as vegetative cover) and effect of mitigation
measures.

Build on and combine existing
initiatives (Sparrow sediment
model, NZEEM, Hicks erosion
surface). Bring in elements of
SedNet. Collaborative between
NIWA and Landcare Research.

Catchment or
regional erosion
risk maps

Identification of locations of high long-term
erosion risk. Maps of relative erosion risk.
Use for prioritisation of locations for
mitigation measures.

Semi-quantitative or expert-based, map-based assessment of relative
risk of erosion as a function of topography, geography, climate, land-
cover, land-use.

Build on existing models (e.g.,
maps of landslide risks based on
post-event observations of
historical slipping; Dymond et al.
landslide susceptibility analysis).
Package and distribute these and
increase spatial coverage.

Gravel transport /
extraction

Bed aggradation in gravel rivers, and
associated reductions in channel flood
conveyance. Use for planning extraction
timing and amounts and flood risks.

Based on river sediment transport model, probably with empirically
based lateral source rates. Output resolution to the reach level.
Incorporates extraction rates and timing, bed level changes.

FRST gravel-river research
programmes? Existing river
sediment transport models may be
suitable.

Stream-bed fine
sediment model

Build-up and flushing of fines in the bed of
gravel-bed rivers. Use to identify
environmental response to increases or
reductions in sediment loads.

Links daily or event catchment model with reach level stream model,
including a fine sediment deposition and infiltration model.

New modelling initiative.

Sediment model development: Workshop and survey suynma
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Current CRI research funding

NIWA

Raglan Fine Sediment Study (FRST and Environmenik&i@). 2006/2007:

detailed linked physically-based catchment, stresamd, estuarine models. Testing
against detailed measurements through a flood. -200%: development of
management-level tools. Includes subcontract taltare Research for landslide
component to SHETRAN (detailed research-level njodeld erosion process
investigations.

SPARROW (national empirical model) application feediments (FRST and
Envirolink). Development of a regional/national nebdiusing measured river
sediment modelling, building on Hicks sedimentgiedurface and NZEEM
(Landcare Research empirical erosion model).

Capability funding for initial ‘proof of conceptof FSIT interactive fine-sediment
catchment-estuary tool.

Auckland Regional Council urban and peri-urban ieroand contaminant (heavy
metal) models linked to estuary models.

Landcare Research

ICM: detailed process modelling and managemenesoaldelling using NZEEM
and SedNet (mean annual semi-empirical erosion mode

Upcoming bidding on long-term landscape evolutiomsidn processes (currently
Land-to-Ocean programme).

Capability Fund: 50K$ 2006/2007 (review of erosinadels and NZ erosion data,
preliminary model development for NZEEM and SedNet)

Sustainable Land Use Research Initiative: $65Kqutdjowards depicting erosion
and sediment fluxes at various spatial scales.

A number of Envirolink and commercial projects itisiing erosion risk and
sediment transfers.

Sediment model development: Workshop and surveyramn 10
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5. Short-term actions

Circulate report and summarise in NIWA/Landcaredaesh newsletters.

e Initiate a steering committee including Landcaresé@ech / NIWA / Regional
Councils.

* Presentations to individual councils to help pragrfonding of this area.

» Presentation to Regional Managers Group.

» Possible Envirolink advice: types of data apprdprfar modelling.

* Approach Tasman and Marlborough District Councilsee if their interests are
sufficiently aligned. Consider extension to coveuth Island councils and issues.

Sediment model development: Workshop and surveyramn 11
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6. Appendix 1. Notes on the Palmerston North workshop

6.1

6.2

6.2.1

Held in Palmerston North, ?HVIay, 2006.

Participants

Landcare Research Ltd: Alison Collins, Anne-Gadlusseil, John Dymond,
Les Basher.

NIWA: Sandy Elliott, Jochen Schmidt, Mal Green.

Horizons RC: Olivier Ausseil, Jon Roygard, Matadrodd.

Hawke’'s Bay RC: John Phillips.

Greater Wellington RC: Paul Denton, Nic Conlaretedy Rusbatch.

Regional Councils issues and expectations

Horizons Regional Council

Key issues and background

Water clarity, turbidity (from discussions with comanity), particularly in the
main rivers. This affects aesthetic and recreaticalaes.

Stream bed fines within gravels (embeddedness$. fds implications for biota.

Sediment accumulation in flood protection chan(&fgyradation).

Developing a Water Management Framework, with thiehcaent broken into
management zones (subcatchments), a lot of thedentio monitoring sites. The
proposed Water Management Framework Management igdbasound
contaminantoad.

SLUI (Sustainable Land Use Initiative). The aimtbfs initiative is to assess
economic consequence of erosion, its impact orashfucture and ecology. An
objective is that 50% farms on highly erodible lamitl be covered by an active
‘whole farm business plan’ by 2015.

Sediment model development: Background discussicnrdent 12
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Uses for a model

e Catchment-scale models could provide justificatifmm action, a basis for
assessing spatial priorities, and identify the noost-effective locations for farm
purchase and re-forestation.

* Maps of highly erodible land have already been higesl for the region and are
being used in SLUI to identify areas for action.

* Primary interest is at the catchment scale. Suchodel could identify which
farms to involve first, and predict whether SLUI wl actually help with the
environmental goals.

« A farm-scale model could be useful for developiagnf action plans, given that
this is the scale at which on-the-ground actioesd@vised. Need a farm-scale tool
to identify the most applicable control measurestioghs to be undertaken at farm
scale are still unclear. This farm-scale model ddod developed after a catchment
model.

Key expectations of a model:

Connect land data to water quality in the rivers.

* Allow an integrated catchment-scale view of theéssin question.

* Need for a management framework: integrated catohswale view of problem
and sources of sediment.

* Provide a decision-making tool with predictive daifity to prioritise intervention
locations.

¢ Serve as a communication tool.

Use to refine monitoring programme.

‘Parameters for success’ for model

e Uses regional datasets.

« Adaptable to or can be mapped to the pre-definatiadnits.

Sediment model development: Background discussicnrdent 13
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e Uses appropriate indicators, e.g., is ‘Total Annugdd’, good enough, when real
interest is in the number of days per year with thavity?

e Fully tested and reviewed. Limitations known arsted.

* Includes information on particle size distributi@s, different sizes have different
environmental implications.

e Can be used in ‘reverse’ mode (a ‘reversible’ maglgl, can go from the load
goals back to the measures needed on land to heoset goals).

e User-friendly interface that can be used by RCnazh staff — at least to assess
scenarios.

e Used to assess how quickly effects of mitigatiorulddoe seen; includes year-to-
year progression.

e Daily model not necessary.

* Provides predictions, including probability for dgsevents.

» Predicts effects of sediment on biota.

* Robustness/reliability: from a general orientatiom use in a legal context.

* High resolution.

Model based on risk assessment.

6.2.2  Greater Wellington Regional Council

» Earthworks erosion is an important issue in thehson part of Wellington.

* At present use the ARC version of the USLE to assessents. Would like to
enhance the defensibility of this type of model.

« Would like a model to feed into assessments of dheeptable degree of
earthworks or forestry in a catchment.

e Modelling could lead into policy re land-use.

Sediment model development: Background discussicnrdent 14
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* Modelling could be used to provide justification tiesigning and implementing a
monitoring system.

6.2.3 Hawke's Bay RC

Points presented by John Pillips.

Key issues

e Stream habitat. Deposition, embeddedness. Thigasadly variable, varies from
reach to reach, which creates difficulties for nilinig, linking to land use.

*  Water quality.

e Issues at HBRC are similar to Horizons, and ruralliWgton.

Model uses/objectives

* Link environmental effects to causes. As causesabfeeld scale, and effects at
catchment scale, a model is needed to relate candesffects.

* Scenario assessment: use as a basis for optimisiagzentions and setting
realistic targets.

« Assessment of timeframes for improvement in envirental conditions following
intervention, which will provide information for maging public expectations.

« Assessment of risks and probabilities, again toagarpublic expectations.

* Use models to predict or test the effectivenegdarf management measures.

Some variables for model to predict

* Number of days per year of low clarity.

e Time to return to good clarity after a storm.

« Time to return to normal conditions after a catgshic flood.

« Timeframes to restore systems (water quality, hgbit

Sediment model development: Background discussicnrdent 15
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* Percentage of stream length with good/fair/pooiitab/NQ, bed). Corresponding
percent of catchment associated with each of these.

e Proportion of fine/coarse sediment (different effec on habitat).

Sediment model development: Background discussicnrdent 16
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Table 3. Summary of model requirements from the Palmerslkorth workshop.
Issue Parameters Model output Spatial scale Temporal scale Priority Driver/mitigation
(Horizons/
HBRC/
GWRC)
Soil loss Area affected (mm/y) Same - subcatchment - Annual (output) Medium/ Land cover/land use
- property/forestry - Event (input) Medium/ Riparian:
unit/subdivision Medium - filter stores
Stream Embeddedness % each class per reach | Reach Timeframe to restore, | High/ - bank stabilisation
ecological Substrate size class “Health grading” i.e., lag from source | High/ - Stock exclusion
effects MCI through  channel  to | High - Stock crossing
ocean
Water clarity | Black disk Number  of  days | - Catchment - Day High/ Constructed wetlands
Turbidity acceptable - Subcatchment - Seasonal incl. Flow- | High/ Soil  conservation measures
Sediment How long after x event | - Reach? related High (incl. sediment traps)
concentration acceptable Minimum tillage
Reduced - Riverbed level - $$ to restore Catchment - Event Medium/ Tracking/roads
flood - Cross-section area capacity - Annual 2/ Seasonal factors, e.g., summer
capacity - Size event - Tonnes of sediment, High vs winter cultivation
contained in reach, flow Cover crops (incl. grass, growth
capacity rates)
Estuarine - Substrate texture - Area habitat loss Subcatchment (input) Same as soil loss and | Medium/ Stocking rate (incl. seasonal off-
effects - Rate of infill (depth - Recreational Estuary (output) flood capacity High/ wintering)
- Contaminant load in suitability For  urban  areas: High Hard surfaces: changed runoff &
sediment - Years to exceed subdivision scale channel hydrology
- Clarity/secchi depth critical limit
- Same as for
freshwater
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7. Appendix 2: Notes on the Hamilton workshop

Held at NIWA, Hamilton, 1 June 2006.

7.1 Participants
Environment Waikato: Peter Singleton (Chair), Raditke
NIWA: Sandy Elliott, Mal Green, Jochen Schmidt
Landcare Research: Alison Collins, John Dymond,Basher
Environment BOP: Amy Taylor, Ingrid Pak, Paul Sewol
Gisborne District Council: Sarah Pitcher-Campbell
Auckland Regional Council: Grant Barnes, Shaneyé&iraham Macky,

Alex Wilson

Hawke’s Bay Regional Council: Anna Madarasz

7.2 Regional Council issues
Key issues:

* Sedimentation in estuaries.

» Protection of estuaries from sediment depositiosténm events.

e Erosion from building sites (Auckland, Tauranga).

* Urban stream erosion.

« Sediment from forest harvesting (north of Aucklaegion, Coromandel).

e Soil conservation, gross erosion, keeping the oithe land (for Gisborne soft
rock areas).

« Effects of sediment on marine systems (not justegsie).
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« Contaminants associated with sediments (e.g..fadne facial eczema treatment).

e Gravel river loads. Build-up of sediment and theoagted reduction in river
flood conveyance is an issue. River managers vakhow when and where to
remove sediment. They would like to know the catehtrinputs of sediment into
the streams, so that not too much sediment is taleof the system (for BOP and
sometimes in Waikato).

e Suspicions that sediment deposition in the marmdgrenment near river-mouth
estuaries may be issue (Hawke’s Bay).

» Of low importance for ARC: turbidity in streams.

Questions:

What is the relative contribution from differentusces (streambank erosion,
slips)?

e Is slow accumulation more important than big dumipsediment into estuaries?

* Restoration of estuaries: can this be done, fomgka by dredging?

* What rain intensities cause the damage?

 How fast is the sediment accumulation in estuamdsat is causing it (EBOP,
Hawke’s Bay)?

*  How much of what we see now is due to historicaldlaise? May historical
bank/overbank deposits be re-mobilised?

e Isit possible to define/specify a suitable tafgetsediment loads for estuaries?

* Wil riparian retirement hurt or help streambankson (see Parkyn’s estimates
of erosion after retirement). The temporal compoigimportant here.

7.3 Model requirements from Regional Councils

A categorisation of models (see table below) wadqgward.

Sediment model developmeffttorkshop and survey summary 19



<) —NLVA_

_ Taihoro Nukurangi
Manaaki Whenua
Landcare Research

Type 1 Type 2 Type 3 Type 4
Lookup tables, expert Effects assessment Budgeting, Target-based
systems prioritisation, source
allocation
- Local-scale (urban - Risk assessment and receiving - Use to target - How can a specified
development, forest environment focus. sediment sources, desirable
lot) - Given a certain development, areas for mitigation, environmental outcome
- Does not address management, or land-use vulnerable habitats be achieved?
biological effects scenario, what is the ecological

or system outcome?

Several model types were also suggested:

1. Simple soil conservation lookup tables

Simple lookup tables, expert-based. Similar to NBLAIse for farm plans. Similar in
some respects to UCM land component. As an examleld give the reduction in
erosion from planting a particular area in poplansd the associated cost. Provide
mean annual soil loss (mm/year) and also loss riexde slips) in large reference
storms.

2. Urban earthworks development-scale model

Risk for different event sizes at development sciiaat could be the mitigation

measures on a particular site (ponds, etc.), whengdace them and how effective
would they be. Look-up type model, of similar comyty to the USLE (which is used

at the moment). Need to provide some standardiepdts/coefficients, such as
rainfall erosivity, hillslope delivery ratio. USLEurrently does not provide event
runoff or give the effect of ponds for differenbsh events. The event scale is of
interest for deposition probabilities and depths estuaries, and for providing

perspective for monitoring call-outs for earthworks

3. Model to assess cumulative catchment-scaleadgtjon in estuaries, change
in morphology.

The features of this model were not elaborated upon

4, Forestry model.

There is a need to assess the loss from fores@yf@sction of length of road, area of
cutover, areas permanently retired, as well asr attigation measures such as large
sediment traps. Sediment size is likely to be irtgurin relation to impacts on

estuaries. A risk-based or probability-based madebuitable for assessment of
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estuarine effects. Model conclusions or summaryuli®scould be used for
development of rules and for working with the lamdnager. The rules could run
parallel to a farm ‘nutrient management plan’.

5. Farm/rural erosion model

Needs to provide a risk analysis of the relativgpantance of different sources of
sediment; focus on forestry as the source of sawinsenot necessarily appropriate.
Streambank erosion component needed. Will riparttinement help or hurt? Should
streams be re-graded (enlarged), or should hydyddegnodified to address this? The
temporal/risk component is important for such a etoéfor example, are sudden
forestry-related impacts more important than onggiasture impacts?

6. Gravel river model

Model to assess catchment inputs and aggradatigrawél, to provide information on
where and when to extract gravel.

7.4 Funding

This was not addressed in detail. An Envirolink jpecb to package up existing
information and models was thought to be suitalléookup table approach would
work for this purpose.
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8. Appendix 3: Summary of survey responses

Nine responses to the survey were obtained. In stases the participants from a
particular institution combined their response® iatsingle response. The tallies for
different responses are shown in the format of ahiginal survey form below,
followed by a summary of the responses for eaclstoprein turn.

Key points from the survey are:

* Many of the survey participants assigned a higmedium importance to a range
of erosion-related issues. The classes of issuegritatest priority were: estuarine
infilling and sediment deposition; pasture and si@bradation; and sediment-
related water quality in streams.

e There was strong support for a wide range of ntitigameasures to be included
in the models. The highest priority mitigation m&a&s was vegetative bank
stabilisation, followed by riparian filter stripgpnds and wetlands, track and road
erosion, conservation planting, stock access teasts, and pasture cover
management.

* Nearly all responses included bank erosion an@ustr@gowncutting, and track and
road erosion, as processes of high priority forluision in the model.
Raindrop/overland-flow erosion, gully erosion, slitandslides, bedload transport
and deposition, floodplain deposition, and settlingestuaries were of high
priority for about half the respondents. Rillinghdis flows, floodplain deposition,
flocculation, re-mobilisation of estuarine depgsésd coastal sediment dispersion
were of intermediate importance. Long-term streahape and landscape
evolution, and estuarine hydraulics and wave mdchavere of lowest priority.

« Sediment deposition depth, sediment load, andgbeutize distribution were seen
as important variables for model prediction, widsd interest in concentration
predictions. The relative risk of erosion was sagia useful model output in about
half the responses. One response noted that thelmsbhduld predict soil loss
(mml/year).

e There was near unanimous support for models thaldamn over a decade or
longer. All the participants thought the model dddwave a long-term cumulative
impact assessment component.

e« There was most interest in models that could peadtputs with a daily or
storm-event time resolution. Annual average preglist and probabilistic
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predictions were also of interest. There was litikerest in model predictions at
the sub-event scale.

« All the respondents wanted a model capable of dpgraver the catchment scale;
with the catchment broken into subcatchments odisided subcatchments.
There was also interest in a separate model dtitelpe or property scale.

* Interms of the stream component, a model providuiputs resolved to the reach
scale was seen as suitable in most cases, altltbaeghwere some calls for a 2-D
or 3-D grid. While a compartment model was gemgrebnsidered suitable for
the estuary component, finer subdivisions (2-D @D 8rid) were also seen as
appropriate in some cases.

* Nearly all respondents thought the model shoul&#based, and all thought it
should have a graphical user or spreadsheet interfa

e The model should be able to be used by skilled-cibstaff users; there is also a
role for models aimed at more specialist users.

e There was support for a model with links to watealily and ecological models.
There was little support for a cost/economic module

¢ None of the existing models currently used in Nesaldnd stood out as being
particularly well suited for use by a wide rangdhs survey respondents.

* One response noted that pest management was dfexide importance.

The responses to each question are tallied belmngavith summary text for each
question:
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Q1. What are the key sediment-related issuesin your area?

H Priority M

Sum (/9)
Pasture/soil degradation 6 1 6
River turbidity 3 2 5
Channel widening/migration 3 1 4
Estuary turbidity 2.5 2.5 5
Sediment-related nutrients 4 2 6
Sediment-related bacteria 4 2 6
Estuarine deposition events 4 2 6
Estuarine infilling 7.5 0.5 8
Estuarine sediment texture 2.5 3.5 6
Coastal turbidity 2 2 4
Sediment impacts on aquaculture 2 2 4

Other/CommentGravel management (H+Estuarine deposition is of most concern.
On-site erosion causing loss of ‘soft rock’ togetivéh the overlying soil (H). Urban
sprawl.

A wide range of sediment-related issues was coraidéo be important (high or
medium priority). Each issue was given a high ordimea priority in 61% of
responses, demonstrating the importance of sediretated issues.

Estuarine infilling was the issue of highest ptpi(8 responses out of 9 medium or
high priority), followed by pasture/soil degradatify responses), estuarine deposition
events and sediment texture (6), sediment-relatédents and bacteria (6), river
turbidity (5), estuarine turbidity (5), sedimentgatts on aquaculture (4), channel
widening/migration (4), and coastal turbidity (9ne participant from Environment
BOP noted that gravel extraction was a very higbrjpy issue.

Broadly speaking, the classes of issue with greategrity were estuarine infilling
and deposition events, pasture and soil degradatimhsediment-related water quality
in streams.
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Q2. What are the key mitigation measures that you would like the model to be able

to reflect?

H Priority M
Pasture cover management 5 1
Streamside stock access 85 2.5
Track and road erosion 6 1
Planting for hillslope stabilisation 5 1
Pasture retirement 3 2
Forest harvesting controls 5 1
Riparian filter strips 7 1
Vegetative bank stabilisation 8 1
Ponds, dams and constructed wetlands 7
Controlled floodplain deposition 3 2

Other/Comment We would like the model to include all these to optise
management focus. Pest management (H). Stock typhenanagement; pugging and
compaction. Control of urban expansion and assatiaarthworks. Control of urban
sprawl.

There were strong responses in relation to mibgatheasures. Iltems were marked as
being of high or medium priority in 72% of the resges and of high priority in 58%
of responses. One comment suggested the modeldsinmlude a wide range of
measures, so that the relative importance andteffeess of various measures could
be addressed.

The highest priority was for vegetative bank siabtlon (high priority in nearly all
responses), followed by riparian filter strips, genand wetlands, track and road
erosion, conservation planting, pasture cover mamagt, and forest harvesting
controls. Stock access to streams and controlleddfilain deposition were of
intermediate interest. The lowest priority was pasture retirement, but even in that
case the item had medium or high priority in abwlt the responses.

One response noted that pest management was dfleaide importance.

Q3. What are the key processes you think should be included in the model
H Priority

Rain-drop and overland flow erosion

Rills

Gully erosion

Track and road erosion

Shallow slips

Landslides

Debris flows

Long-term landscape or land-form evolution

Bedload transport and deposition

Bank erosion, stream downcutting

Floodplain deposition

Long-term stream shape and flood-plain evolution

Flocculation

NWPANPEP D
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Estuarine/coastal hydraulics and wave mechanics 2
Settling in estuaries 4
Re-mobilisation of estuary sediments 2
Long-term estuary bathymetry changes 1
Coastal sediment dispersion 2
Other/Comment General land-use sediment generation based onusmdgrade,
land-use capability class, urbanisation process.

NWWNN

Nearly all responses included bank erosion andastrdowncutting, and track and
road erosion, as processes of high priority forusion in the model. Bedload
transport was considered high priority in 6 of teeponses. Raindrop/overland-flow
erosion, gully erosion, slips, and settling in asies were of high priority for about
half the responses. Rilling, landslides, debriswfp floodplain deposition,
flocculation, floodplain deposition, re-mobilisati@f estuarine deposits, and coastal
sediment dispersion were of intermediate importatedng considered of high or
medium importance in about half the responses. iteng stream shape and
landscape evolution, long-term estuarine bathymetgnges and estuarine hydraulics
and wave mechanics were the processes of lowesityffior inclusion in the model.

Q4. What parameters would you like the model to able to predict?

None — just relative risk
Load
Concentration

Deposition depth
Particle size distribution
Other:Deposition area. Loss of soil.

aNbh~O D

Most respondents would like the model to be ablpraalict the sediment deposition
depth. The majority wanted load predictions andtigarsize distribution, and
concentration predictions. The relative risk of stba was seen as a useful model
output in about half the responses. One responiss rtbat it would be desirable to
predict the loss of material (presumably, erodel). so

Q5. What time-scale would you like the model to be able to operate over?
None — relative risk or probabilistic
Century

Decade

Year

Day/event
Other/CommentRelative risk noted to be more important than phbdltstic in 2
responses.

~NO00WN

Nearly all respondents would like the model to Ideao operate over a decadal
period; some would like a model that could opemater a century. Models that run

over an event were also of considerable interesb flesponses also considered the
relative risk of sediment loss (without a time sgdb be of interest.
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Q6. What temporal resolution would you like the model to have?
None — just relative risk or probabilistic 3

Annual average 5
Annual average with flow-based load decomposition 2
Annual 3
Daily or event 7
Sub-event 1

Other/CommentRisk. Relative risk more important than probalistwo models:
risk and time-step.

There was a wide range of responses in the dewinedoral resolution of the model.
The most common request was for a model with daie resolution. The next most
popular was annual average predictions. There wisome call for models with sub-

event predictions, and there were two calls fouahaverage models with flow-based
decomposition.

Some responses queried the possibility of a twetlewdel: one assessing relative
risk of sediment loss; the other providing a terafipresolved prediction.

A distinction would be necessary between the tigpgesdr which the model provides
predictions and the timestep on which the modetaipe (which, to provide accurate
predictions, might be finer than the output timpit&he questionnaire did not make
this distinction, but we assume that respondente wamarily responding to the time
resolution of the outputs.

Q7. What spatial scale would you like the model to operate over?

Hillslope 3.5
Property 8.5
Small catchment 9
Medium/large catchment 8
Regional 2
National

Other/CommentSometimes want hillslope, otherwise catchment.

All respondents wanted a model to be able to opevaer a small catchment or
catchment scale. Three respondents would like talidle to run a model at the
hillslope or property scale, at least occasiondliywas noted that there could be
separate models for separate occasions. Little m@sdseen for a model that could
run over an entire region or nationally.

Q8. What spatial resolution and element type would you like the model to have?

Catchment:  Grid-based 1
Sub-hillslope 1
Hillslope 3
Subdivided subcatchments 9
Subcatchment 8
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Lumped
Stream: Reach

2-D grid

3-D grid
Estuary: Lumped
Compartment
2-D grid
3-D grid

WNWEFE WWOo

In terms of the spatial resolution of the catchmeamponent of the model, the
subcatchment or subdivided subcatchments (subadiiviaccording to land use, for
example) level was selected in all the responseavith the temporal resolution, it is
unclear whether this refers to the spatial scalehéth the model needs to operate, or
to the scale of resolution of the outputs, bus ppiobably the latter.

Only one respondent was interested in sub-hillggmedictions.

In terms of the stream component, most respondestag outputs resolved to the
reach scale, but some called for a 2-D or 3-D dtidvas unclear whether “reach”
meant the stretch of stream between confluencesshether it referred to a fairly
uniform stretch (e.g., 100 m).

There were fewer responses for the estuary compowérile there was no interest in
a completely lumped estuary model, for finer scatbere was equal interest in
compartment models and finer subdivisions (2-D-@r grid).

Q9. What type of user-interface features do you think are important?

GIS-based 8
Graphical interface 4
Spreadsheet 7
Text-based

Don't care

Nearly all the respondents thought the model shbel&IS-based, and all thought the
model should have a graphical user interface preeasisheet interface.

Q10. What type of user level do you think the model should be aimed at?

Public 1.5
Planner 2.5
Skilled council staff 9
Skilled consultant 4
Researcher/specialist 2

Other/CommentUsed by skilled council staff to help the publice$®urce users'.
Planners to use or understand to add policy denetop

All respondents thought the model should be aintethe skilled-council-staff user
level. Some thought the model should also be aimedskilled consultant,
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researcher/specialist, or planner levels of usdy Gne thought the model should be
aimed at public users, and even then the suggestsrihat the model should be used
by skilled council staff to ‘help’ the public.

Q11. What other components do you think should bein the model?
Cost component

Link to nutrients model

Ecological effects component

Cumulative effects over time (long-term impacts)
Cumulative effects over space (aggregative impacts)
Linked into integrated modelling system
Other/Comment. Cost/benefit economics for farmers. The need to eee
recommendations in $$ terms. Cumulative effectsvaeit to 10-year plans.

Wh~NO1TOIDN

There were only 7 responses to this question.hdlight the model should have long-
term impact assessment components. Four thougie #muld be links to nutrient

models and an ecological effects component to tbaein Four would like the model

to consider aggregated effects over space, anduBii&e the sediment model to be
linked into an integrated modelling system. Theraswsome support for a cost
component.

Q12. Which of the models that have been applied or are about to be applied in New
Zealand is closest to your needs?

GLEAMSHELL and WAM 2

HEM (Hillslope Erosion Model)

Landslide Risk Model (Dymond)
Morgan-Morgan-Finney

NZEEM (New Zealand Empirical Erosion Model)
Sednet

SHETRAN

SPARROW Sediment component and CLUES
Suspended Sediment Yield Estimator 1
USLE

WEPP

Catchment to Estuary Sediment Tool
DHI Estuary and Coastal models
FSIT (Fine Sediment Interactive Tool)
RICOM (River and Coastal model)
Urban Stormwater Contaminant (USC) model 1

NOORRFRERE

wNoo
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This question was answered in only 5 of the respdosns. A range of the existing
models was considered to be appropriate, but n@me averwhelmingly ‘supported’;
most were supported in only one or two cases. Jimgests there is a need for models
more closely targeted to the user needs, or fdelbebmmunication and training in
relation the capabilities of the models.

Q13. What other comments or suggestions do you have for the model ?
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An area of importance is the role of pest contiolaltering catchment condition and
its subsequent effects on erosion. At the momentifig for pest control (goats,
possums) is largely for TB eradication. Funding W& removed in a couple of years
because of TB free areas. The worry is that pedténarease and there is a desperate
need for info to demonstrate the benefits for cardd pest management for resources
other than TB. | think this will be nationally afterest to all regional councils.

Has to provide and output which the user can tlentao make recommendations for
land use which farmers can understand and robuosigbrfor them to agree and adopt.
End-user: on farm or development.
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9. Addendum Report: “Background discussion document ontypes of
sediment models, and description of models used New Zealand”.

This report was prepared and distributed beforewbekshops, and is included to
serve as a background resource document for fudfeeence.

The original version of this report was titled “Sednt model development:
Background discussion document".
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Purpose of this document

This document serves to provide background infoionah preparation for a series of
workshops on sediment erosion and transport modeld)e held in 2006. The

workshops are intended to work towards agreementhentype and features of a
model that can be used by regional councils tsagsth the management of on-site
erosion and sediment impacts in streams and ccasias.

To assist with selection of models, this documewwides a brief summary of the
features of models that have been applied in Neaadel or about to be applied. This
serves to inform the workshop attendees of thetiegiscapability of the research
providers. The summary also gives the attendedédeanof the range of models that is
available internationally, which will help in setay a modelling approach for their
needs. The models are described in terms of a consmbof headings such as the
spatial and temporal detail included in the modtis, processes represented in the
models, user interface, intended users for the tepdad overall strengths and
weaknesses.

Before the list of models is presented, a briefroiesv of the range and types of

erosion/sedimentation models is given. This wilegsome conceptual structure to the
summary of models, and also serves as a frameweorkpecifying desirable model

attributes.

Finally, a list of questions is presents to assigh process of identifying a suitable
model. It is intended that this will be used durthg workshop to provide a common
basis for developing and communicating model spatibns.

Background discussion document on types of sedimedels, and description of models used in Newatehl 1
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2. General overview of types and features of erosiomnd sediment
transport models

A wide range of models is available for the prddittfor the erosion, transport, and
deposition of sediment. The headings below provddene ways to distinguish
between the different models. Particular modelsdéseussed in the next section and
the Appendix.

Range of environments considered

Some sediment/erosion models are concerned prinveithh predicting the amount of
sediment delivered into streams, others concentalg on stream processes, and
others are concerned only with estuarine or cogstalesses. Few models include all
of these three environments in an integrated fashio

Process included

There is a wide range of erosion and transportgases that can occur, and models
usually only consider a limited set of models. Tiecesses are summarised in the
table below:

Table L Summary of sediment erosion and transport gs&Ese

Hillslope and catchment - Detachment of sediment by rain on hillslopes.

- Runoff generation (with various hydrological sub-models)
- Erosion of sediment by overland flow (sheet flow or rills)
- Re-deposition of sediment on hillslopes, and delivery processes
- Trapping by vegetation, buffer strips, and wetlands

- Slips and landslides, and runout of these into streams

- Gully erosion

- Long-term landscape and land-form evolution

Stream and floodplain - Stream hydraulics

- Deposition and entrainment of sediment on the stream bed
- Bank erosion and stream enlargement

- Floodplain/overbank deposition

- Long-term stream shape and flood-plain evolution

- Pond and reservoir trapping

Estuarine and Coastal - Flocculation

- Estuarine/coastal hydraulics and wave mechanics

- Dispersion

- Settling

- Biological filtering and re-mobilisation

- Wave and current re-mobilisation

- Maturation and digenesis

- Long-term estuary form changes

Some models include only a single sediment sizesqor example, a single size of
gravel in a stream or mud in an estuary) while atloater for a number of different
size classes and interactions between particldéfarent classes (for example, stream
bed armouring or estuarine flocculation).

Background discussion document on types of sedimedels, and description of models used in Newatehl 2
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Not only do models differ in relation to the proses that are included, but they may
represent the same process in different ways. Kample, some models may

represent hillslope delivery of sediment using itieadescriptions of erosion and

deposition down a hillslope profile, while other dets may use an empirical relation
or ‘black-box’ conceptual model to describe thdshipe delivery process.

Temporal resolution and scale

Temporal resolution refers to the underlying tinepsor temporal discretisation of the
model. Some models are run with a sub-hourly titep;swhile others have no time
component at all (they may just provide an annwakrage number or a relative risk
estimate). The temporal scale refers to the durasfoany simulation. Some models
only aim to model a single storm event, while oshare intended to be run as a
continuous simulation over years or decades. Timpdeal resolution and scale are
related to the computational time required to rimmugations. The choice of temporal

resolution and scale are also related to the igmpdirpose of the model application.

Spatial resolution and scale

The spatial resolution refers to the size of thematational spatial element, while the
scale refers to the size of the area that is bmiodelled.

The catchment may be split into a grid, hillslop&eneents, hillslopes, or
subcatchments, or just a single lumped catchment beaused. The subcatchments
may be broken down by land-use, soil, or vegetatipr. The stream network may be
broken into reaches or a number of smaller comjmmalt elements in 1, 2, or 3
dimensions. Estuaries may be treated as a singhe, ‘bompartmentalised into sub-
estuaries or zones, or broken into a 2-D or 3-Dimes

The spatial scale of the model can be a singlsltydé or plot or a single stream reach,
or the model can extend to a regional or natiocales

User interface and features

Sediment model development efforts have often fedusn development of the
underlying algorithms to represent the various esses, with relatively little
emphasis on graphical user-interface features ¢ditéde model set-up, scenario
management, and visualisation and summarisingseiitse This is being addressed in
some models, as the general user expectationsager@specially for commercial
models), as the amount of spatial data to be mahaggeases, and as resource
managers become more involved in the modellingggecSome models now include
sophisticated graphical user interfaces and linikis @IS, and this is likely to become

Background discussion document on types of sedimedels, and description of models used in Newatehl 3
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more commonplace and even expected. Considerafug &f required to develop
such links and interfaces, though. This effort rhayreduced to some degree with the
application of generic model development framewoitkat manage some of the
interface tasks. For some users, sophisticatetfacts are considered superfluous, so,
for example, a simple spreadsheet model wouldcgufffome models can be run over
the web, so that the user does not need to séieumddel on their computer, purchase
support software such as GIS, or provide high-speetputer facilities.

Intended users or uses

The intended uses of erosion and sediment modetgesafrom research models that
attempt to test or improve our understanding ofkiero and transport process and
rates, to management-level models targeted atrterthgement. Some of the research
models are difficult and time-consuming to set nd ase, and so are not suitable for
routine use by land managers. Other models (fomeil@ the USLE), can be used
without a computer and are designed for routingliegiion to soil conservation
measures. There is a range of intermediate-contplexddels which are intended to
be used by land managers, but in reality theset@ecomplex for use by land
managers themselves and are best suited for usspégialist modellers, which
introduces the danger of a disconnect between thaeling process and decision-
making process.

Background discussion document on types of sedimedels, and description of models used in Newatehl 4
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3.  Summary of models used in New Zealand by NIWAral Landcare
Research

A wide range of models has already been used in Resland or are being trialled.
These are summarised in the table below. Also, efdhese models is discussed
briefly in the appendix.

Background discussion document on types of sedimedels, and description of models used in Newatehl 5
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Table 2¢.

Summaryv of hillslone and catchment models applieabout to be applied to sedimen New Zealan.

Model Name

Resolution and scale

Modelling approach

NZ application

User features and level

Output type

Time

Space

Hillslope and catchment models

in large magnitude
storms.

thresholds.

GLEAMSHELL and | Daily, suitable for Catchment scale (typically Daily model combining hydrology, Yes (ARC, EW, Catchment modelling expertise | Maps of sediment load and text output of
WAM long-term 10 ha—1000 km?), grid- hillslope erosion and stream network etc.) required. GIS interface for flow and sediment concentration time

continuous based. routing, including plant growth and WAM series.

simulation. nutrients.
HEM (Hillslope Storm event based. | Hillslope scale with slope Uses time-averaged solution of flow and | Yes Specialist expertise not Value of erosion and sediment yield for
Erosion Model) unit elements. sediment down a hillslope profile. necessary. Web-based version | the event.

available.

Landslide Risk Time independent. | Covers all NZon 15 mgrid. | Maps land at risk to landsliding based on | Yes Expertise not necessary Map based raster GIS file showing
Model (Dymond) Shows relative risk geology, vegetation and slope (Horizons.MW) landslide (and sediment delivery) risk.

seconds. Duration
of simulation
dependent on
computing
resource.

size. Usually applied to
small to medium
catchments.

including stream component. Landslide
component added recently.

Morgan-Morgan- Daily Hillslope to catchment Predicts annual soil loss from hillslopes | Not used in NZ Value of daily sediment load
Finney scale. using rainfall-runoff model, physically yet, LCR
based. Includes P component. investigating use

here.
NZEEM (New Mean annual Covers all NZ on 15m grid. | Based on SSYE (see below) but with Under Expertise not necessary. Raster GIS file giving mean annual
Zealand Empirical erosion rates. land-use factors applied. development specific sediment yield.
Erosion Model)
Sednet Mean annual Catchment scale, originally | Sediment budget approach, strong LCR currently Targeted to management, Graphical spatial output of annual

average load. developed for large spatial component. undertaking trial in | includes a GlS-like interface average sediment loads.
catchments (>1000 km2). the Manawatu.

Popular in

Australia.
SHETRAN Resolution downto | User-defined 3D grid cell Detailed physically-based 3-D model Yes (Raglan) Research-level model Text based input and output, no graphics.

Sediment model development: Background discussioardent
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SPARROW
Sediment
component and

Mean annual
average load.

National/regional scale,
based on REC (~0.5 km2
subcatchments).

Sediment yield and stream sources
routed down network, calibrated to
measured loads. CLUES is a framework

Only to nutrients
so far. Application
to sediments is in

Modelling expertise required for
calibration. GIS interface for
altering land-use and viewing

GIS output showing mean annual
sediment load from SPARROW and
outputs from other models.

CLUES linked to other models. current FRST results.

programme.

Suspended Mean annual load. | Covers all NZ on 100 m Empirical model based on gauged Yes (NIWA and Expertise not necessary - Map based raster GIS file giving sediment

Sediment Yield grid. sediment yields. LCR) although GIS experience useful | yields.

Estimator (Hicks

Erosion Surface)

USLE Annual average Hillslope scale, no spatial Empirical model based on plot study Yes (LCR, Specialist expertise not Spatially and temporally averaged
erosion rate. subdivision. observations. Widely used. consultants) necessary erosion rates.

WEPP Single storm and Hillslope to catchment Detailed process-based model. Yes (forestry, Catchment modelling expertise | Several output options available including
daily long-term scale. urban earthworks, | required. annual sediment yield predictions.
simulation options. sediment

retention)

Sediment model development: Background discussioardent
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Table 2b.  Summary of stream, estuary and integrated maggiked or about to be applied to sediment in Mealand.

Model Name Resolution and scale Modelling approach NZ application User level Output type
Time Space
Stream, estuary, and integrated models
Catchment to Probability of Catchment/estuary scale. Simple GUI to interpret results from Yes, single Suitable for use by managers Load probabilities.
Estuary Sediment critical event load Underlying models may be | detailed sediment generation and application to an or informed public. Specialist
Tool exceedance. more detailed. deposition models example expertise is required for
Underlying models urban/periurban underlying models. Simple
are more detailed. catchment. graphical interface.

DHI Estuary and
Coastal models

Resolution down to
seconds. Often
applied to a few
tidal cycles due to

Estuary or coastal
embayment scale. Spatial
resolution in metres.

Commercial sediment budget type
package, comprehensive hydrodynamic
model.

Yes, numerous

Catchment/coastal modelling
expertise required.

Sophisticated visualisation of dispersion
and settling.

subject to
computation
constraints.

component.. Fine spatial
resolution.

computational

constraints.
FSIT (Fine Daily (probably) Catchment and estuary Summarises results of more detailed Model not yet Simple and targeted to Not yet determined
Sediment scale, minimal spatial models within a simple GUI developed management
Interactive Tool) subdivision.
RICOM (Riverand | Fine time Reach to catchment scale Advanced 3-D finite-element Yes (Raglan FSS, | Hydraulic modelling expertise Graphical and text displays.
Coastal model) resolution. Suitable | for streams, small estuary hydrodynamic model. Kaikoura tsunami | required.

for long simulations | to harbour scale for coastal modelling).

Urban Stormwater
Contaminant (USC)
model

Annual to decadal.

Estuary divided into sub-
estuaries based on
sediment characteristics.

Predicts accumulation of sediment and
contaminants in estuaries over planning
timescales

Yes, (ARC,RDC)

Expertise required

Annual sediment and contaminant
accumulation

Sediment model development: Background discussioardent
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The resolution and operating range of the modetsegmted in the table above are
illustrated in the following schematic:

Figure 1. Schematic of spatial and temporal resolution/sofileediment models that have been
or are about to be applied in New Zealand.
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Questionnaire on needs for a NZ management-leveediment
model

A questionnaire on end-user needs is appendedgalticument. The questionnaire
serves the purpose of prompting end-users for tieids and obtaining responses,
and as a basis for comparison of responses insastent fashion. It is anticipated that
the questionnaires will be completed by attendeésrb or during the workshops, and
that the results of the questionnaire will be sumiged during and after the
workshops.

Sediment model development: Background discussienrdent 10
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5. Appendix A: Description of sediment models usea New Zealand

5.1

First the hillslope and catchment models are pteserfollowed by stream, coastal
and integrated models. In each case, the modetismessed in alphabetical order.

Stream, Coastal, and Integrated models

GLEAMSHELL and WAM

Temporal resolution and scaleDaily, suitable for long-term simulation.

Spatial resolution and scaleCatchment scale. Catchment broken up into scredie
(typically 0.1-10 ha). Reach-based flow and sedimeuting.

Description: The hydrology and overland-flow erosion compondatseach cell are
based on the field-scale CREAMS model. The hillsleposion component is similar
in some respects to the USLE but includes a rucmffiponent and sediment routing
down the hillslope. WAM includes a stream routingngmnent with a deposition
velocity and an entrainment velocity for excessashéncludes buffer-strip and
wetland filtering of sediment.

Applications in NZ: Catchment-scale assessment of effects of eartlsvamsociated
with urbanisation around Auckland (Okura, MahurandVaitemata Harbour,
Whitford); Linked with estuarine models; Applied inrural setting to Whatawhata;
Applied for nutrient modelling to Lake Taupo catcimh

User features and levelGIS-based interface available. Most suitable fqregienced
catchment modellers.

Strengths and weaknessesStandard hillslope erosion and hydrology paramsetan
be used. No slips, bank erosion, gully erosionpdasive to set up and run, although
it has been used for management purposes.

Sediment model development: Background discussienrdent 11
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References:

Stroud, M.J.; Cooper, A.B.; Bottcher, A.B.; HiscockG.; Pickering, N.B. (1999).
Sediment runoff from the catchment of Okura estuaRC90241/1.

Knisel, W.G. (1980). CREAMS A field scale model fdremicals, runoff and erosion
from agricultural management systei@snservation Research Report No. 26.
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HEM (HILLSLOPE EROSION MODEL)

Temporal resolution and scale:Storm event based; longer-term erosion rates by
simulating many storms individually.

Spatial resolution and scale Hillslope scale with irregular slopes broken islope
elements.

Description: This model is physics-based, using a time-averag@dtion of the
coupled kinematic wave equations for overland flamd the sediment continuity
equation for sediment transport to provide spatiaistributed soil erosion and
sediment yield processes averaged over a spetifiedperiod. The HEM is used to
simulate erosion and sediment yield as a functibpasition on a hillslope and to
simulate the influence of spatial variability inllslope properties (topography,
vegetative canopy cover and surface ground coversediment yield and mean
sediment concentration. It requires limited inpatrgmeters (slope length, slope
steepness, canopy and surface ground cover, sdiibdity (predicted from texture),
and runoff volume.

Applications in NZ: Applied to a plot study at Pukekohe (Cogle e2@D3).

User features and levelSimple interface and data input. Useable withtkehiexpert
knowledge. Can be run on the web

Strengths and weaknessenly simulates sheet and rill erosion. Easy tougeaind

run, and suitable for management purposes at thsdope scale. Requires runoff

volume as an input.

References:

Cogle, A.L.; Lane, L.J.; Basher, L.R. (2003). Tegtihe hillslope erosion model for
application in India, New Zealand and AustralEnvironmental Modelling &

Softwarel8 825-830.

http://eisnr.tucson.ars.ag.gov/HillslopeErosionMbde
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LANDSLIDE RISK MODEL (DYMOND)

Temporal resolution and scale:Time independent. Shows relative risk in large-
magnitude storms.

Spatial resolution and scale Covers all New Zealand on 15m grid.

Description: Maps land at risk to landsliding by identifying &nd above slope
thresholds (defined by geology) without protectiveoody vegetation. Slope
thresholds are obtained from a 15m grid DTM and dyogegetation is obtained from
a 15m grid woody layer (EcoSat). Risk of sedimeziivery to stream network is also
assessed from DTM analysis.

Applications in NZ: Used by Horizons regional council for identifyirtgghly
erodible land and prioritising soil conservatiofoes.

User features and levelRaster GIS output.

Strengths and weaknessesligh spatial detail over large areas. Considelivery to
stream network. Not event based as storm rairgalbt considered.

References:

Dymond, J.R.; Jessen, M.R.; Lovell, L.R. (1999).mpater simulation of shallow
landsliding in New Zealand hill countrynternational Journal of Applied Earth
Observation and Geoinformatiot, 122-131.

Dymond, J.R.; Ausseil, A.; Shepherd, J.D.; BuettrdeD. (2006). Validation of a
region-wide model of landslide susceptibility iretManawatu-Wanganui region of
New ZealandGeomorphology 7470-79.
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MORGAN-MORGAN-FINNEY
Temporal resolution and scaleDaily time step.

Spatial resolution and scale: Hillslope and paddock scale. Hillslope and paédoc
scale, although contributing areas can be aggrégatd coupled with a transport or
hydrological routing model to assess transportughoa catchment.

Description: The Morgan-Morgan-Finney model predicts annual Iess from field
sized areas on hillslopes. The model consistswétar phase and a sediment phase.
The model is more physically based than the USL& ianmore flexible than the
CREAMS model. Annual rainfall is used to determine energy of rainfall for splash
detachment. Runoff is assumed to occur when aaki@imount of (daily) precipitation

is exceeded and the corresponding volume is cagxlilan the basis of annual
precipitation. Transport capacity is determinedngsithe runoff volume, slope
steepness and crop cover. Current developmenbdssihg on improving the
prediction of likely particle size distribution @fosion and sediment to allow more
accurate representation of diffuse pollution riglg(, phosphorus and pathogens), and
on improving the transport model through key laagiecfeatures in terms of capacity
e.g., transport capacity through riparian stripppgraphic depressions and wetlands.

Applications in NZ: Being considered for application by Landcare Reteto New
Zealand

User features and leve Daily outputs of sediment and phosphorous.

Strengths and weaknessesBy predicting the particle size distribution ofdsaent
generation able to model nutrient and contaminanisport.

Reference:

Morgan, R.P.C. (2001). A simple approach to saklprediction: a revised Morgan-
Morgan-Finney modelCatena 44 305-322.

Sediment model development: Background discussienrdent 15
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NZEEM (New Zealand Empirical Erosion Model) (underdevelopment)
Temporal resolution and scaleMean annual erosion rates.
Spatial resolution and scale: Covers all New Zealand with 15-m grid.

Description: This model will be based on the “Suspended SediMvitd Estimator”
but will have land-use (on 15m grid) factors apglie

Applications in NZ: Still under development (expect fthase by June, 2006).

User features and level:15m raster GIS file giving specific sediment yiéidean
annual rates). Initially the model will run as amproved sediment yield estimator, but
when sediment delivery ratios are better understowtiable to be modelled, then the
model will predict “real” specific sediment yield.

Strengths and weaknessesSimple calibrated empirical model. Includes lasg-u
effects. Eventually will model sediment yield aridu&” specific sediment yield.

Sediment model development: Background discussienrdent 16
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SHETRAN (including landslide risk model)

Temporal resolution and scale:Temporal resolution down to seconds. Long-term
simulation possible in principle, but duration dmalation may be limited by
computation.

Spatial resolution and scale3-D grid-based, with a user-defined grid cellesiZhe
size of the catchment is arbitrary, but is likedybe limited by the maximum number
of cells (about 300 cells in each direction) anchpatational constraints. More cells
can be used if the catchment is broken into subozats.

Description: Detailed physically based model. Integrates owerldow, groundwater,
stream flow. Includes hillslope and stream sedinteamsport components. Recently
modified by Landcare Research to incorporate shaitanslational slip failures.

Applications in NZ: Modelling runoff and sediment generation undeargé rainfall
simulator at Whatawhata. Being applied for the k&6-Waitetuna catchment for
single events as part of the FRST Raglan Fine Sadiftudy.

User features and level:Research-level model. Text-based input and outpaoit,
graphics. GIS pre-processing interface developedIyA.

Strengths and weaknesseOne of the most comprehensive models available. Can
provide intra-event predictions. Difficult to usedamany parameters are required for
the model, some of which are difficult to assessn&imes unstable. Streams flow
around cell edges which is awkward for GIS and icwroduce artefacts in stream
slope. Computationally intensive (at limits for \édiina using 20-m cells).

References:

Adams, R.; Elliott A.H. (in press 2006). “Physigablased modelling of sediment
generation and transport under a large rainfalukitor” Hydrological Processes.
Available online at
http://www3.interscience.wiley.com/cgi-bin/abstrad?510807

Ewen, J.; Parkin, G.; O'Connell, P.E. (2000). SREN: distributed river basin flow
and transport modeling systeASCE J. Hydrologic Eng.: 250-258.

SUSPENDED SEDIMENT YIELD ESTIMATOR (HICKS EROSION
SURFACE)

Sediment model development: Background discussienrdent 17
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Temporal resolution and scaleMean annual load.
Spatial resolution and scaleCovers all New Zealand with 200m grid.

Description: A map of suspended-sediment yield (SSY, tignwas developed based
on gauged sediment yields at over 200 river statibhe model relates sediment yield
per unit area to a power function of mean annualfath and to an ‘erosion terrain’
classification, and has been calibrated to thergeariging data. The erosion terrains
were defined by Landcare Research on the basipé,srock type, soils, dominant
erosion processes, and expert knowledge. A GIS #Hygelds is available.

Applications in NZ: Erosion-carbon project. Used as a base source fayehe
SPARROW P model. Used for assessment of sedimads lim coast.

User features and levelGrid file that can be opened in GIS.

Strengths and weaknessesSimple calibrated empirical model. No land-usee@tf
Only estimates sediment yield. No information omlisent sources, contributing
processes, or inter-annual variation. No explicihgideration of sediment delivery
processes. Useful as a first indicator of likelgliseent yield.

Reference:

http://www.niwascience.co.nz/ncwr/tools.
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USLE
Temporal resolution and scaleAnnual average erosion rate.
Spatial resolution and scaleHillslope scale, no spatial subdivision

Description: An empirical sheet-rill erosion model based prilgaon observations
from plot studies. Predicts spatially and tempgraVeraged erosion rates from 5
factors (rainfall erosivity, soil erodibility, sleplength, slope-steepness factor, cover
and management, support practices). One of the widsty used soil erosion models
and the basis of many other erosion models (e BEAMS, AGNPS). Has been
modified to several newer forms to account for fatons in the original USLE
(MUSLE, RUSLE, M-USLE).

Applications in NZ: Used in Landcare Research’s erosion-carbon progearo
provide national estimates of erosion. Used onmuesthworks to provide estimates
of amounts of sediment generated and to evaluafiecteeness of sediment
management practices.

User features and level:Simple and easy to use at hillslope scale withtdich
knowledge. Requires integration into GIS for catehirscale applications.

Strengths and weaknesse€nly simulates sheet and rill erosion. Easy tougeind
run, and suitable for management purposes at tlstope scale. Requires coupling
with a transport/routing model in order to predsgdiment impacts. Not well
representative of volcanic soils.

References:

Wischmeier, W.H.; Smith, D.D. (1978). Predictingnfall erosion losses a guide to
conservation planningigriculture Handbook No. 537

Renard, K.G.; Foster, G.R.; Weesies, G.A.; McCdolK.; Yoder, D.C. (1997).
Predicting soil erosion by water: a guide to covaton planning with the Revised
Universal Soil Loss Equation (RUSLEgricultural Handbook 703.
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WEPP

Temporal resolution and scale:Single storm, daily time-step, and continuous {ong
term simulation.

Spatial resolution and scale Hillslope to catchment scale. Breaks landscape in
slope and channel segments based on topographyroanes sediment between
adjacent components.

Description: A detailed process-based model using mainly plysased equations
(kinematic wave equations for overland flow and skdiment continuity equation for
sediment transport) to describe hydrologic and msedt generation and transport
processes on hillslopes and in streams. A watenstoeltl links the hillslope model to
the channel network. WEPP was designed to evaloaeagement impacts on
erosion. The processes represented by WEPP caon&dlypcharacterised as erosional
processes, hydrological processes, plant growth rasiflue processes, water use
processes, hydraulic processes and soil proceBseserosion processes represented
are sheet and rill erosion, erosion occurring ianctels where detachment is due to
hydraulic shear, and erosion from ephemeral gulliesequires a large number of
input parameters, many of which are available taliases compiled for the USA and
incorporated in the model.

Applications in NZ: Applied to a plot study at Pukekohe (Su, N. etl8P9), urban
earthworks (Winter, E.R., 1998), currently beingdign forestry application.

User features and level:Graphical user interface is reasonably user fhierat
because of the large data requirements this madehly suitable for experienced
modellers, particularly outside of the USA wherput parameter databases are not
available.

Strengths and weaknessesStrong process basis but large computational ata d
requirements limit its applicability. Only suitalfler experienced modellers.

Sediment model development: Background discussienrdent 20
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References:

Flanagan, D.C.; Nearing, M.A. (1995). USDA - Watersion Prediction Project
(WEPP).NSERL Report No. 10.

Su, N.; Basher, L.; Barringer, J.R.F. & Doscher, (€999). Reconstructing the
Patterns of Sediment Transport and Related HydimdbdProcesses Using the
WEPP Model, Proceedings MODSIM'99: InternationainGeess on Modelling &
Simulation, Hamilton, New Zealand, 6—9 Dec, 1999.

Winter, E.R. (1998). Predicting sediment yield dgrithe earthworks development
stage of a subdivision, Auckland, and assessmetfteogfficiency of a sediment
retention pond. M.Sc. thesis, University of Waikato
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SEDNET

Temporal resolution and scale: Mean annual average, although some daily
disaggregation routines are being developed.

Spatial resolution and scale Catchments represented as a grid with subcatdsmen
and links. Originally developed for large catchnse@1000 krf).

Description: The model is based on an annual average budgstjprgach, but with a
strong spatial component and some clever methadaskessing some of the budget
terms. Budget terms include hillslope erosion (RBSkith delivery ratio); gully
erosion (from measurements); bank erosion (fronk{bath stream power and riparian
vegetation); bedload deposition (based on flow aldlity index, mean flow, and
slope); overbank deposition based on settling wgl@nd over-bank flow; reservoir
deposition based on settling relation. Now includessediment budget model
(ANNEX) built around the SedNet concepts but incogting a baseflow and
dissolved component.

Applications in NZ: Landcare Research are currently undertaking hapiglication
of SedNet to areas in the Motueka and the Manawaipular in Australia.

User features and levelCustom GIS-like user interface. Scenario manddapping

of load generated or delivered to outlet, with kdeavn by source type. Land-use

change tool modifies land uses based on curredtuas, slope, rain etc. The model is
intended to be used by resource managers, bututige is used by researchers and
consultants.

Strengths and weaknessedsGraphical, spatial, simple concepts. Nice integfado
term for slips (although maybe this source couldnimdelled indirectly using the
gully component). Relies on empirical relationstthave not been determined for
New Zealand.

References:

http://www.toolkit.net.au/sednet

Prosser, I.P.; Rustomiji, P.; Young, W.J.; Moran.CHughes, A. (2001). Constructing
river basin sediment budgets for the National Land Water Resources Audit.
CSIRO Land and Water Technical Report 15/01; 34 ppanberra.
http://www.clw.csiro.au/publications/technical200015-01. pdf
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SPARROW SEDIMENT COMPONENT AND CLUES
Temporal resolution and scaleMean annual average load

Spatial resolution and scale:National/regional scale. Spatial framework basad o
REC (approx 0.5 kinsubcatchments).

Description: In each subcatchment there are a number of squmessally
characterised by yields for each land-use, andethead are routed through the
drainage network with attenuation along the waye Pplarameters for the model are
determined by non-linear calibration to measuread$oat gauging stations. This
model was developed by the USGS and applied by NiwaAollaboration with the
USGS for nutrients for New Zealand. The predictimmponent of SPARROW (not
the calibration component) has been incorporateéd the new GIS-based CDRP-
funded modelling framework CLUES, which allows tiger to change the land-use.
That development of that framework is incomplete.

NIWA proposes to apply SPARROW to sediment in tearrfuture, with calibration
to the loads determined previously by Murray HicReme applications to sediments
have been developed in the USA already. In sucHicapipns, stream erosion is
treated has been treated as a source term. Ipedhibat we will be able to extract the
influence of land-use on erosion in this work (aallvas precipitation and erosion
terrane).

Applications in NZ: Applied to nutrients only so far, plan to applysediments.

User features and level:The original USGS model is written in the statigki
programme SAS and requires moderate to high madeltikills. The CLUES
interface makes it relatively easy to run the madgbpredictive mode, although this
would be best done by someone proficient in GIS.

Strengths and weaknessesSimple conceptually. Provides uncertainty estimate
Reliance on calibration means that it may be diffico break the erosion sources
down into different components.
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G.B. (2005). Estimation of Nutrient Sources andnsport for New Zealand using
the Hybrid Mechanistic-Statistical Model SPARROYéurnal of Hydrology (New
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Stream, Coastal, and Integrated models

CATCHMENT TO ESTUARY SEDIMENT TOOL

Temporal resolution and scale:Probabilities of daily loads. Based on long-term
daily simulations.

Spatial resolution and scaleSmall estuary catchment broken into 3 land-usesela
Estuary broken into 6 segments. The underlying risodere much more detailed.

Description: A simple user interface to summarise and interghet results from
detailed simulations in terms of probabilities afceeding critical event deposition
thresholds, with particular relevance to earthwanasion.

Applications in NZ: Single application to an example urban/peri-urta@ichment.

User features and level:The interface for the tool is very simple and cohé used
by resource managers. The underlying models (WAM| Bstuary models) require
specialist catchment modelling expertise.

Strengths and weaknessesA simple tool way of summarising key model results.
The underlying detailed models need to be set dpamfor each new study area.
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Manaaki Whenua
Landcare Research

Reference:
(http://www.niwascience.co.nz/ncwr/tools/sedjool

= Catchment to Estuary Sediment Deposition Tool N =10 ]

Estuary Parameters:

Critical If)e;msjh‘tm Thickness

IW Setfled Sediment Density
1000 kg Unit Sediment Load

o Enter an Accaptability limit:
20 D [used to assess the scenario results

lEIali_v'_e J.u'lhe_ bas_éﬂr_»e ?alculalmns]

Background
Baseline
[r-“ Esisting Land Llse Calculate: Critical Total Loads |
S |40909| 2074 | 2219 I 4093 | 1509 | 7248 {onnes per'event
& Earthworks with Controls 1 2 3 . | 5 6 SUBESTUARY NUMBER

" Earthworks without Controls
: I o | 9 | 8 I 3 | 15 | 1 Existing Land Use

Calculate: Exceedances over 25 Year Period

| i | 14 | 11 | 6 | 18 | 1 Eanhworks with
Controls

1 2 3 P | 5 6 SUBESTUARY NUMBER
nsa - - - - Results are indicated in Green

it below the Acceptability Limit
Red if above the Acceptability
Limit

‘; Calculate: % increase scenario vs baseline |
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DHI ESTUARY AND COASTAL MODELS

Temporal resolution and scale:Typical resolution is minutes to hours, in order t
resolve the tidal cycle. Simulation duration tyficamne week (weather scale) to one
month (spring-neap tidal cycle). Longer simulatiomse possible depending on
computing resources and the need to deal with aglagimg errors.

Spatial resolution and scale Typical resolution is metres to tens of metrekiclv is
sufficient in an estuary to capture gross morphglagcluding sandbanks, channels
and sloping intertidal flats. The bathymetry giygitally spans a coastal embayment
or an entire estuary.

Description: This is a commercial package, which may includgpuler or irregular
mesh, depth-integrated or 3D. Circulation due ¢iedj wind stress and the density
field (stratified flow) is treated. An evolving (iresponse to wind and fetch) or static
wave field may be superimposed, and wave-orbitalione combined with steady
currents in the bottom boundary layer to enhanainsnt re-suspension. Non-
cohesive sediment transport and cohesive sedimansport may be treated with
modules that add-on to the basic hydrodynamic nead@ediment transport includes
resuspension from a layered bed (with the cohesigdule), flocculation (with the
cohesive module) and deposition. External inputsstiwater, terrestrial sediments)
and outputs (loss to the coastal ocean) are treatsdurces and sinks in the model.

Applications in NZ: There have been numerous applications in estuanéwon the
coast including sewage outflows, stormwater overflo contaminant dispersal,
sedimentation, fate of sediment derived from urbarthworks, and larval dispersal.
This model is currently being applied to the Radtame Sediment Study.

User features and level:Although there is no access to the core codeE@@LAB
module allows the user to design and add moduteseXample, flocculation. Good
pre-processing and graphical post-processing fesitare standard, including routines
for grid generation. Suitable for specialist cobstadellers.

Strengths and weaknessesDe facto industry standard, but lags behind latest
developments in research models. Very easy to luickplement an exploratory
model, if needed. Requires considerable work tougpetind calibrate a full model.
Does not account for evolving morphology.
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FSIT (FINE SEDIMENT INTERACTIVE TOOL) (PROPOSED)

Description: This model concept was proposed by Peter Haifsora the CSIRO
during a recent research workshop on fine sediments

The concept is to summarise or capture the restilismore detailed models within a
simple graphical user interface that: emphasisesthnagement ‘levers’ on sources
and stores of sediment at various levels in thehca¢nt (for example, km of riparian

planting); their effects on key environmental iradars (e.g., rate of estuary

deposition); and the associated costs.

It is anticipated that the model would be appliedcatchments such as the Raglan
catchment and the Murrimbidgee. Funding is beingighb for this proposed
collaborative project.

User features and level:This model is intended to be simple and targetad o
management measures so that it can be used igipaitiry decision-making. More
detailed models would underlie FSIT.

Upper »paj/a,«-, i Lowel 5% (Gan . ;
Pn.t’s-lmsu'&t eoman H J /%L‘
! coson ! |l
Afﬂf/? %'f%’éﬁfd
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RICOM (RIVER AND COASTAL MODEL)

Temporal resolution and scale: Fine Temporal resolution. Suitable for long
simulations subject to computation constraints.

Spatial resolution and scaleReach to catchment scale for streams, small gstaa
harbour scale for coastal component. Fine spasallution possible.

Description: This is an advanced 3-D finite-element hydrodyrtamodel for streams
and estuaries, and it includes a sediment transpamiponent. The model was
developed by Roy Walters (NIWA). The model contailesel numerical algorithms
that stress numerical stability and accuracy.

Applications in NZ: The model is being applied to the main-stem stsegamd
possibly the estuary) of the Waitetuna catchmerthénRaglan fine sediment study.
The hydrodynamic component has been applied tcatsumodelling at Kaikoura.
The model has been applied in several studiesitUBA.

User features and leveliLargely used in-house for research and high-leypglied
studies. Pre-processing and graphical post-proug$satures are available.

Strengths and weaknessesAdvanced numerical algorithms. Can require large
amounts of topographic input data.

References:

Walters, R.A.; Casulli, V. (1998). A robust, finielement model for hydrostatic
surface water flowsCommunications in Numerical Methods in Engineerirdg
931-940.

Walters, R.A. (2005). Coastal Ocean models: Twdulidinite element methods.
Continental Shelf Research:25/5-793.
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URBAN STORMWATER CONTAMINANT (USC) MODEL
Temporal resolution and scale:Annual to decadal.

Spatial resolution and scale:Estuary divided into sub-estuaries based on sedime
characteristics.

Description: The USC model predicts accumulation of sedimedtsadiment-related

contaminants in estuaries over planning (yearsadks) timescales. This is a
“composite model” that combines predictions of bhatent sediment runoff and
generation of urban contaminants (sediments, hesgls, PAHS) with predictions of
estuarine sediment-transport patterns, all of wiggh done with underlying, much
more sophisticated models.

Applications in NZ: Used in large studies of the Upper Waitemata Harlamd the
Middle Waitemata Harbour for the ARC. A simplifiedrsion of the model has been
applied in the Orewa estuary and the Weiti esté@mrirRodney District Council.

User features and level:A user-friendly interface to the model is currgnileing
developed which will allow resource managers to erfakhat if” explorations without
re-running the underlying models. Simplified methodor implementing the
underlying models were developed in the RDC prof{abiove) which may greatly
reduce cost.

Strengths and weaknesses:Specifically designed as a planning model for
investigating possible development scenarios. Eesviexplicit predictions. The
underlying models may be as complicated or simpldesired.
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Appendix B. Questionnaire: End-user needs for a sauent
model

Completed by:

Note: If there is a distinct need for more than one model, then it would be
appropriate to complete more than once copy of the questionnaire.

Q1. What are the key sediment-related issues in your area?
Mark items that are high or medium priority with and H or M.
Pasture/soil degradation

River turbidity

Channel widening/migration

Estuary turbidity

Sediment-related nutrients

Sediment-related bacteria

Estuarine deposition events

Estuarine infilling

Estuarine sediment texture

Coastal turbidity

Sediment impacts on aquaculture

Other/Comment

Q2. What are the key mitigation measures that you would like the model
to be able to reflect?

Mark items that are high or medium priority with and H or M.
Pasture cover management

Streamside stock access

Track and road erosion

Planting for hillslope stabilisation

Pasture retirement

Pasture retirement

Forest harvesting controls

Riparian filter strips

Vegetative bank stabilisation

Ponds, dams and constructed wetlands

Controlled floodplain deposition

Other/Comment
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Q3. What are the key processes you think should be included in the
model

Mark items that are high or medium priority with and H or M.
Rain-drop and overland flow erosion

Rills

Gully erosion

Track and road erosion

Shallow slips

Landslides

Debris flows

Long-term landscape or land-form evolution

Bedload transport and deposition

Bank erosion, stream downcutting

Floodplain deposition

Long-term stream shape and flood-plain evolution
Flocculation

Estuarine/coastal hydraulics and wave mechanics
Settling in estuaries

Re-mobilisation of estuary sediments

Long-term estuary bathymetry changes

Coastal sediment dispersion

Other/Comment

Q4. What parameters would you like the model to able to predict?
Tick relevant items.

None- just relative risk

Load

Concentration

Deposition depth

Particle size distribution

Q5. What time-scale would you like the model to be able to operate over?
Tick relevant items.

None — relative risk or probabilistic

Century

Decade

Year
Day/event
Other/Comment
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Q6. What temporal resolution would you like the model to have?
Tick relevant items.

None — just relative risk or probabilistic

Annual average

Annual average with flow-based load decomposition

Annual

Daily or event

Sub-event

Other/Comment

Q7. What spatial scale would you like the model to operate over?
Tick relevant items.

Hillslope

Property

Small catchment

Medium/large catchment

Regional

National

Other/Comment

Q8. What spatial resolution and element type would you like the model to
have?
Tick relevant items.
Catchment:  Grid-based
Sub-hillslope
Hillslope
Subdivided subcatchments
Subcatchment
Lumped
Stream: Reach
2-D grid
3-D grid
Estuary: Lumped
Compartment
2-D grid
3-D grid
Other/Comment

Q9. What type of user-interface features do you think are important?
Tick relevant items.

GlS-based

Graphical interface

Spreadsheet

Text-based

Don’t care

Other/Comment
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Q10. What type of user level do you think the model should be aimed at?
Tick relevant items.

Public

Planner

Skilled council staff

Skilled consultant

Researcher/specialist

Other/Comment

Q11. What other components do you think should be in the model?
Tick relevant items.

Cost component

Link to nutrients model

Ecological effects component

Cumulative effects over time (long-term impacts)

Cumulative effects over space (aggregative impacts)

Linked into integrated modelling system

Other/Comment

Q12. Which of the models that have been applied or are about to be
applied in New Zealand is closest to your needs?
Tick relevant items.

GLEAMSHELL and WAM

HEM (Hillslope Erosion Model)

Landslide Risk Model (Dymond)
Morgan-Morgan-Finney

NZEEM (New Zealand Empirical Erosion Model)
Sednet

SHETRAN

SPARROW Sediment component and CLUES
Suspended Sediment Yield Estimator

USLE

WEPP

Catchment to Estuary Sediment Tool

DHI Estuary and Coastal models

FSIT (Fine Sediment Interactive Tool)
RICOM (River and Coastal model)

Urban Stormwater Contaminant (USC) model
Other/Comment

Q13. What other comments or suggestions do you have for the model?
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