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Background

Motivation

Sediment quantity and quality 
affects ecological integrity of 
rivers. 

Objective

Predict sediment concentration in 
rivers at low flow. 



Concept
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Implementation

- low-code
- interoperable
- high performance

LUMASS 
modelling & 
optimisation



Soil Processes

sequential processing

- extract rainfall input
- calc soil water budget
- calc depth of saturated

water in soil profile



Erosion 
Processes
parallel processing

- calc soil stress 
- calc erosion by process
- summarise by REC



Calibration
SedNetNZ = ∑ ∑ ሺ …𝒕_𝒔𝒕𝒆𝒑𝒔

𝟏
𝑹𝑬𝑪
𝟏

… ሻREC catchments: n=13232 Time steps per year: m=2922

… landslide(cohesion) + surficial(k(shear stress)) + earthflow(speed) + gully(density) …

log-normal
spatiotemporal stochasticity
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precipitation soil saturation erosion
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precipitation soil saturation erosion
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precipitation soil saturation erosion
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precipitation soil saturation erosion



15

precipitation soil saturation erosion
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Sediment Transport Model



Sediment transport model (River model)

• Suspended sediment routing model
• Coupled with dynamic erosion process model

Link eroded materials from sources to sinks through the river 
network

• It is 1-D model:
 Depth-averaged SSC
 Cross section-averaged SSC

From: Allen PA (2008) From landscapes into geological history. Nature 
451 274 276



Sediment routing model

• Should represent geomorphic processes: 
 Deposition and re-entrainment of sediment within the 

channel or in floodplains
 Sediment connectivity in river network
 Impact of particle size

• Need continuous flow records for whole river network: 
 Coupled with catchment hydrological models



Routing sediment for each fraction
• TEST-River components will be modelled 

independently for each fraction:
 SSC routing (through river network)
 Deposition (at each reach segment)
 Re-entrainment (at each reach segment)

• Fractions will be summed at each time step to 
calculate total SSC, and total erosion and deposition.
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Model data

• Model Boundary data:
Flow data

Sediment data

• In-river data:
Flow data

River characteristics
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Model data

Model output:
• Sediment concentration
• Particle size
• Sediment load 

• Visual water clarity 
Using a separate sub-model

Model output – DS routing
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Model outline

• Mass conservation variables:
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Conceptual model has been tested in stationary state

• Stationary state: 
Changes through time (not 
space)

• Oreti River data 
(Wallacetown monitoring 
site)

𝑐𝑖௧ାଵ ൌ
ாି ∆௧
ଶశభ

 
శభ

𝑐𝑖௧



Model results - Validation

• Good agreement between modelled and observed 
sediment concentration and event load

• Conceptual model framework has 
been published in WRR



Routing suspended sediment down a river network
• Routing sediment particles in:
 Space (down a river network) 
 Time (through flood event)

ℎ𝐾ௗ
𝜕ଶ𝑐𝑖
𝜕𝑥ଶ ൌ

ℎ𝑘ௗ
2

𝑐𝑖௫ାଵ,௧ାଵ െ 2𝑐𝑖௫,௧ାଵ  𝑐𝑖௫ିଵ,௧ାଵ  𝑐𝑖௫ାଵ,௧ െ 2𝑐𝑖௫,௧  𝑐𝑖௫ିଵ,௧

Δ𝑥ଶ

డ 
డ௧

ൌ శభశభି
∆௧

డ 
డ௫

ൌ శభశభି
∆௫



Routing model calibration
• Manawatū River catchment
• Three monitoring sites with intense sampling regime: 
 Tiraumea at Ngaturi, 
 Pohangina at Mais Reach
Manawatū river at Teachers College.



Boundary condition data – Manwatu Flow, SSC
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Summary
• High frequency sediment data are necessary for designing efficient sediment management measures and reduce 

fine sediment supply to downstream aquatic ecosystems
• Impact of fine sediment on rivers can be quantified with the three attributes: 

 Suspended sediment concentration
 Fine sediment deposition
 Visual water clarity 

• This model provide estimates for all three attributes of concern

(direct estimate)

(indirect using fine sediment concentration and size 
gradings with aseparate sub-model)

(direct estimate)



Conclusions & Outlook
 We developed and implemented a soil erosion and sediment transport model 

that predicts sediment concentration in rivers.
 We are finalizing the calibration
 Model performance will be evaluated over the next month..... paper
 Temporal soil erosion and sediment transport model will be run with soil 

conservation scenarios to test the assumption that reduction in mean sediment 
loads result in the same relative reductions in sediment concentration at low flow





Need for event‐scale sediment models
• Models are needed to predict fine sediment 
and its relevant attributes at:
Different locations within the catchment, 
Sufficiently high frequency to define 
dynamics during flood events. 

• Common methods do not adequately 
represent variations in sediment dynamics 
throughout the catchment:
Sediment tracing: hardly capture the 
temporal resolution of sediment sources
Sediment monitoring: not information about 
the spatial variation of sediment generation 
Empirical erosion models: Static information
Mass‐conservation based models: lack 
geomorphic processes

Haddadchi et al. (2019) Land Degradation & Development, 30(17): 2088-2106.

New Zealand Sediment Yield Estimator (NZSYE)


